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Abstract
Background: The Ni-Co alloy is one of the crucial substrate in electronic industries. However, the substrate is contaminated with gold
which is transformed to gold oxide during heat treatment, thereby resulting poor coating on the substrate during electroplating and
inefficient solderability. Materials and Methods: In this study, the effect of different substrate preparation parameters before
electroplating was investigated. Apart from that, the steps of surface preparation were also modified. The study was conducted in the
process line using actual methods of the electroplating process and the electroplating equipment/apparatus and the substrate being
used in electronic industry. The materials used were contaminated Ni-Co substrate, which was electroplated with pure tin to form a
coating on the substrate. Different types of acid was used as descale medium. Results: The investigation with modified electroplating
parameter and modified existing descale parameter did not exhibit any significant improvement of the electroplated film adhesion.
However, the modified precleaning steps exhibited significant improvement in adhesion of coating on the substrate surface and the
rejection of substrate was completely eliminated. Conclusion: The variation of precleaning parameters using standard descale acid and
electroplating parameters did not resolve the poor adhesion of electroplating film on the Ni-Co substrate. However, the modified
precleaning steps with new descale acid provided appropriate coating of tin on substrate surface during electroplating. The non-adhesion
issue was completely eliminated and efficient solderability was achieved. It was found that with standard substrate preparation steps but
variation of electroplating parameters could not eliminate the defects formation. However, modified precleaning with new descale acid
completely eliminated the non-adhesion problem. There were no defects even at the lower level of electroplating parameters. Thus, the
material and power consumption during electroplating were reduced. Highly efficient solderability was achieved, thereby, eliminating
the rejection of substrate to be used in electronic devices completely.  Hence, it can be said that the reliability of the electronic devices
was enhanced and the process became cost effective.
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INTRODUCTION

There are numerous substrate materials which are used in
electronic devices. One of the important substrate materials is
Ni-Co alloys. The alloys have been widely used as an important
engineering material in industry because of their high
strength, good corrosion resistance, heat-conductive and
electro-catalytic activity1. In the electroplating industry for
semiconductors, the base material onto which the desired
metal is plated is known as a substrate2,3. Here the substrate is
a solid medium, which is coated by another substance by
electrolysis is called electroplated4.
Normally integrated circuits are composed of multi

component electronic devices which are used in high tech
applications like telecommunications, military equipment.
They have also applications in medical devices for implant in
humans to abort the attack of many life threatening
illnesses5,6. The substrate material must be electroplated
before using in integrated circuits. The plating should have
specified thickness with no improper adhesion and adequate
solderability7. It is of paramount importance to know why and
how the electroplating should be done. One of the crucial
electroplating materials is tin and it is used widely in the
electronics industry due to their excellent solderability,
electrical conductivity and corrosion resistance8,9. In addition
to that, the tin plating also gives a low resistance to the friction
surface between aluminum surfaces for internal combustion
engine10.

Precleaning is the prerequisite of electroplating process
for proper adhesion of electroplating material on the
substrate. Descaling is a process where an acid solution is used
to clean the substrate. The process is known as electrolyte
pickling8. The descale acid concentration, immersion time and
descale current are crucial parameters for cleaning.
In this study, the effect of precleaning on Ni-Co substrate

contaminated with gold is investigated. It was observed that
by modifying the stage of precleaning, the substrate could be
electroplated with tin without any defects and with excellent
solderability, thereby, eliminating completely the rejection
rate. As a result, cost related to rejection was removed
completely and thus made the electroplating process cost
effective.

MATERIALS AND METHODS

The substrate which was used for these experiments has
gold coating on bottom surface and the top is contaminated
with gold from spill over during the gold plating process. The
substrate   was  subjected  to  heat  treatment  and  as  a  result

oxide is formed on the surface. The oxide is mainly composed
of nickel, cobalt and gold which in turn prevent the adhering
of tin on the substrate surface.
The substrate surface was processed in a standard

industrial  way,  which  is  composing  of  electro  degreasing
and  electro  de-oxidation/deburring.  The  substrate  was
electroplated using tin electrolyte. Tin plating was chosen as
a plating material due to its resistance to corrosion, tarnish
and most importantly for it solderability11. A benchtop power
supply with voltage and current regulator were used in this
experiment. The substrate samples were taken from the same
batch. The power is sourced from a rectifier which supplies
adjustable voltage and current. The power source is usually
sourced form a DC power supply which is regulated through
a transformer or regulator12.
The experiments were conducted under three different

set conditions. In the first set, the electroplating process
variables were changed, following the standard pretreatment
steps. Three plating parameters: Plating acid concentration,
the electrolyte concentration and the plating temperatures
were considered. A design of experiment (DOE) was
conducted using statistical tool to carry out the experiments.
In Table 1 the experimental conditions are presented.
The second set of experiments was conducted using

persulfate descaling for the pre-plating treatment. The
parameters varied were the descale concentration, descale
current and the immersion time of the substrate in descale. A
DOE was carried out using the three variables and the
experimental conditions are presented in Table 2.
In third set of experiment, sulfuric acid was used as

descale followed by combination of sodium persulfate and
hydrogen sulfate. This combination was a more aggressive
type. The same variables were used like in second set of
experiment and DOE was carried out. The experimental
conditions are given in Table 3.
In Table 3 there are two different types of pre-cleaning

which  were  carried  out  prior  to   plating.   The  first  was  the

Table 1: Experimental conditions for electroplating parameters under standard
precleaning condition using DOE

Factors
------------------------------------------------------------------------------
Concentration of tin Immersion Current of

Run condition in electrolyte (g LG1) time (sec) plating (amp)
1 55 120 85
2 145 120 85
3 55 240 85
4 145 240 85
5 55 120 155
6 145 120 155
7 55 240 155
8 145 240 155
9 100 180 120
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preclearing using sulfuric acid and the second was a
combination of sodium persulfate and hydrogen sulfate. The
substrate was soaked in natrium hydroxide bath before
conducting the precleaning.

Table 2: Experimental conditions for precleaning using persulfate
Factors
------------------------------------------------------------------------------
Concentration of Immersion Descale current

Run condition descale acid (g LG1) time (sec) (amp)
1 55 55 1
2 55 35 1
3 55 35 24
4 55 55 24
5 100 45 12.5
6 100 45 12.5
7 100 45 12.5
8 145 55 1
9 145 35 1
10 145 35 24
11 145 55 24

The pre-cleaned substrate was characterized by EDX and
SEM to check the presence of contamination. After
electroplating, the adhesion of the plated film onto the
substrate  was  tested  by  adhering  a  tape  onto  the
substrate   and   removing   it.   The   tape   was   visually
inspected  to  check  for  signs  of  the plating film which
peeled  and  adhered  onto  the  tape.  Following  this
solderability was   carried   out   on   all   samples   after  
electroplating using  JEDEC  standard using dip and look
solderability method.

RESULTS AND DISCUSSION

Under all experimental conditions, the electroplated
substrate was characterized before using in the integrated
circuits of electronic devices. Visual inspection under
microscope   was   done   first   to   identify   any   notable
defects.     After     visual     inspection,     the    substrates    were

Table 3: Experimental conditions for precleaning using combination of sulfuric acid with sodium persulfate and hydrogen sulfate
Descaling with sulfuric acid Descaling with sodium persulfate+hydrogen sulfate
---------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------

Run condition Concentration (%) Immersion time (sec) Descale current (amp) Concentration (g LG1) Immersion time (sec) Descale current (amp)
1 12.5 35 1 55 35 1
2 25 35 1 55 35 24
3 12.5 55 1 55 35 24
4 25 55 1 55 35 1
5 12.5 35 24 55 35 24
6 25 35 24 55 35 1
7 12.5 55 24 55 35 1
8 25 55 24 55 35 24
9 12.5 35 1 145 35 24
10 25 35 1 145 35 1
11 12.5 55 1 145 35 1
12 25 55 1 145 35 24
13 12.5 35 24 145 35 1
14 25 35 24 145 35 24
15 12.5 55 24 145 35 24
16 25 55 24 145 35 1
17 12.5 35 1 55 55 24
18 25 35 1 55 55 1
19 12.5 55 1 55 55 1
20 25 55 1 55 55 24
21 12.5 35 24 55 55 1
22 25 35 24 55 55 24
23 12.5 55 24 55 55 24
24 25 55 24 55 55 1
25 12.5 35 1 145 55 1
26 25 35 1 145 55 24
27 12.5 55 1 145 55 24
28 25 55 1 145 55 1
29 12.5 35 24 145 55 24
30 25 35 24 145 55 1
31 12.5 55 24 145 55 1
32 25 55 24 145 55 24
33 18.75 45 12.5 100 45 12.5
34 18.75 45 12.5 100 45 12.5
35 18.75 45 12.5 100 45 12.5
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Table 4: Plating thickness (mils) under various electroplating conditions and
exposed substrate base metal after peel test

Run 1 2 3 4 5 6 7 8 9
Thickness (mils) 40 42 41 40 65 85 85 85 85
Exposed base metal (%) 90 92 91 95 97 96 92 91 95

Table 5: Exposed substrate base metal after peel test when descaled with
persulfate

Run 1 2 3 4 5 6 7 8 9 10 11
Exposed base metal (%) 35 34 39 38 29 31 39 31 32 27 28

characterized by Scanning Electron Microscope (SEM),
Electronic Dispersive Scanning (EDX), peel test and solder test.

Substrate electroplated under standard precleaning
condition: The variation of electroplating parameters under
standard precleaning only affected the thickness. Table 4
shows that, the texture of thickness varied significantly with
the variation of electroplating current and time.
The plating filament peels off from the substrate with

improper adhesion after the peel test. The thickness of coating
on the substrate was only varied with the change of the
parameters. The exposed base metal was still present on more
than 90% of the substrate surface as presented in Table 4. In
Fig. 1, the improper adhesion on the substrate surface is
shown. As a result the substrate was rejected for further
processing. As explained by Clark the peeling of the plating is
always caused by a contaminated or oxidized surface which in
this case is the oxidized gold on the substrate as identified by
EDX and SEM13.
The EDX analysis as presented in Fig. 2 indicates the

presence of gold oxide on the electroplated surface. The
presence of contamination is further verified by SEM
micrograph as presented in Fig. 3. A dark region is observed in
SEM micrograph which is due to contamination of gold. The
gold was oxidized during heat treatment and was not
removed by standard precleaning causing poor adhesion and
peeling of coating14,15. The observation is supported by NPCS
Board of Consultants and Engineers which stated that oxidized
surfaces are formed during heat treatment of substrate which
is a requirement before precleaning13.
The electroplated surface was tested for solderability and

is presented in Fig. 4. Figure 4 indicates inefficient soldering
and rejection of substrate for further processing. Due to
improper adhesion, solderability was not effective and failed
in solder test as per the JEDEC J STD 002A requirement which
states that the wetting area has to be greater than 95% solder
coverage for the parts to be accepted9.
Hence, it can be said that the electroplating parameters

do not have a major role in eliminating defects unless the
substrate is properly prepared before plating. It was envisaged

Fig. 1: Improper adhesion of plating onto substrate after
standard precleaning

Fig. 2: EDX after precleaning under standard condition

that plating bath contaminated with metallic components
could cause poor adhesion. Hence, experiment was
conducted by making a new electroplating bath13,16 but
without any improvement. It was further explained by Clark
that the plating bath does not play any role on the peeling of
the plated surface from the substrate14.

Substrate electroplated using persulfate as pretreatment
acid: When the surface was pretreated with persulfate before
electroplating, the pretreatment variables did not improve the
improper adhesion effect significantly as given in Table 5. The
improper adhesion is presented in Fig. 5 which shows the
reduction  of  improper  adhesion  surface  in  comparison  to
Fig. 1. The EDX analysis, SEM photographs are presented in
Fig. 6 and 7. Both the analysis shows the presence of foreign
elements that is gold. The contamination caused improper
adhesion8 which ultimately resulted in effective solderability
as delineated in Fig. 8.
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Substrate electroplated using modified pretreatment
process: The percentage of exposed substrate when
pretreated with sulfuric acid combined with sodium persulfate
and hydrogen sulfate and electroplated is given in Table 6. It
is observed from the Table 6 that presence of improper
adhesion on the substrate surface is less than 1% when lower
level of acid concentration, immersion time and current is
used for electroplating. With the upper and medium level of
three variables the improper adhesion formation was
prevented    completely    as   given   in   Fig.   9.   Hence,   there

Fig. 3: SEM after standard precleaning of surface

Fig. 4: Solder test after electroplating with standard surface
cleaning

was   no   failure   in   peel   test.   In   Fig.   10-12   the   EDX,
SEM and soldering are presented.
The EDX analysis shows the absence of impurities in the

form of oxide or foreign elements on the substrate. The
absence of dark spots is also indicated from the SEM as shown
in Fig. 11.  The solder test under modified pretreatment also
resulted effective soldering as presented in Fig. 12.
However, the other characteristics did not improve with

the variation of electroplating parameters. This variation of the
plating thickness was also observed by Wahab  et  al.17  which
showed a correlation between the electroplating time and
coating thickness. This was further explained by Popoola and
Fayomi18 where the correlation of the immersion time with the
coating  thickness   was   shown.   The   results   from   this   run

Fig. 5: Improper adhesion of plating onto substrate

Fig. 6: EDX after descale with persulfate

Table 6: Exposed substrate base metal after peel test using modified pretreatment
Run 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Exposed base 0.19 0 0 0 0 0 0 0 0 0 0.37 0.13 0 0.78 0 0 0 0 0 0 0.53 0.62 0.38 0.22 0 0 0 0 0 0 0.85 0 0.08 0 0.19
metal (%)
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Fig. 7: SEM after descale with persulfate

Fig. 8: Solder test after electroplating with persulfate as
descale

Fig. 9: Plating with good adhesion onto substrate under
modified precleaning

showed that in addition to the electroplating time, the
electroplating current was observed in the study to play a role
in the thickness of the coating. In another study carried out by
Popoola  et  al.19  it showed that for the case of aluminum
plating over a substrate, an increase in the plating film
thickness  causes   an   increased   surface   nuclei   topography
arrangement, strong surface adhesion and a smooth and shiny
intermetallic coating formation, however, the study was not
carried out on a substrate surface which was contaminated
which has a severe effect on the adhesion of the plating film.
The study carried out by Salleh and Krishnan20 showed

that different types  of  descale  had  different  effects  on  heat

Fig. 10: EDX after descale with modified process

Fig. 11: SEM after descale in modified process

Fig. 12: Solder test after electroplating with modified
precleaning

scale, oxide and contaminant removal from the substrate prior
to plating. These heat scale and oxide removal played a part
in the adhesion of the top plating film which indirectly
contributes  to  good  solderability.  In  addition  to  that
Smaga  et  al.21  also studied the adhesion properties and
developed a surface preparation procedure to ensue good
adhesion of the electroplating film over the substrate after
electro plating through the proper removal of the oxide layer
on the substrate. These results from these two studies using
different types of  substrates  for  electroplating  addresses  the
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Fig. 13: Rejection rate trend for old vs new precleaning method

adhesion issue of the electroplating film which is similar to the
study carried out for the nickel cobalt which was
contaminated by oxide, where the oxide and contaminants on
the substrate interfered with the adhesion of the tin
electroplating film.
Hence, it can be said that the burrs or oxides are

completely removed by modified pretreatment with sulfuric
acid. The solder test under modified pretreatment also
resulted effective soldering. By modified pre-treatment and
combination of pre-cleaning chemicals could resolve the issue
of   contaminated   oxide   formation   over   the   substrate
during  heat  treatment8,22,23.  The  oxide  was  chemically
removed   from   the   substrate   surface   by   using   sulfuric
acid,  which  transformed  the  metal  oxide  into  metal
sulfate24.

Reject comparison: The DOE 3 which was the improvised
condition and was repeated for 20 batch runs and the result
was compared with the existing runs under normal conditions.
A comparison of the rejection trend was made for the runs
under normal condition and the improvised condition and is
presented in Fig. 13. Figure 13 indicates the complete
elimination of rejection trend.

CONCLUSION

The effect of pretreatment of Ni-Co surface before
electroplating is promising. The variation of electroplating
parameters with standard pretreatment could not improve the
rejection rate of substrate to be used in integrated circuits for
electronic industry. It only affects the appearance and
thickness of the plating surface. Hence the electroplating
conditions do not play any role in reducing the defect.
The formation of improper adhesion on the substrate and

poor solderability is due to presence of foreign metallic
elements on the substrate. By modifying pretreatment of
substrate, it was possible to remove improper adhesion
completely from the substrate, thereby, making efficient
solderability without failure. The modification resulted
complete elimination of rejection cost. The electronic industry
will benefit from this excellent solderability.

SIGNIFICANCE STATEMENTS

C Usage of alloy metals as substrates in electronic
manufacturing  as  the  base  of  the  integrated  circuit
chip
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C Pre-treatment methods for nickel cobalt substrate prior to
electroplating are studied

C Use of different descaling methods to prevent the plating
film from peeling after the completion of the
electroplating process

C Studies on the effect of different pre-cleaning and
electroplating parameters on the adhesion of coatings are
carried out

C Rejection of electroplated substrate was completely
eliminated by applying modified pre-cleaning treatment
before electroplating
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