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Method for control of stabilizer additives in electroless metal and metal alloy

plating electrolytes

Field of the Disclosure

The present invention describes a method to control the concentration of stabi-
lizer additives in electroless metal and metal alloy plating electrolytes utilizing a

voltammetric measurement.

Background of the Invention

Electroless metal and metal alloy plating electrolytes usually comprise one or
more sources of the metal(s) to be deposited in an ionic form, reducing agents,
complexing agents, pH modifiers, accelerators and one or more stabilizer addi-
tives. The stabilizer additives stabilize such plating electrolytes against various
manifestations of undesired plateout. In real life plating electrolytes, usually a
mixture of several stabilizer agents is used at once in order to reach the desired
electrolyte stability. Understanding their optimal replenishment rate is key to
successful operation of electroless plating electrolytes. The stabilizer additives
are usually employed at low concentrations, typically 1 to 100 ppm. Rapid
changes of the chemistry of an operating electroless plating electrolyte may oc-
cur. Therefore, analysis and control of said stabilizer additives or stabilizer addi-

tive mixtures is a complex task.

Kuznetsov ef al. compares the influence of different stabilizer components and
additives including KsFe(CN)s , mercaptobenzthiazol and 4- benzoylpyridin in a
formaldehyde and EDTA based electroless copper electrolyte by a chrono-
potentiometric method (Surface and Coatings Technology, 28 (1996) 151-160).
This method is a currentless method following the potential-time evolution at
mixed potential. Solely, discussed is the influence of different additives on the
induction period before the autocatalytic copper deposition. However, no con-
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centration dependence of the various additives on the chrono-potentiometric

signals was shown.

Paunovic describes a modified chrono-potentiometric method and its application
to an electroless copper electrolyte with formaldehyde as reducing agent (J.
Electrochem. Soc., 127 (1980) 365-369). A change of the electrode potential at
a constant applied current is recorded as a function of time. This method can be
used by applying a cathodic as well as anodic constant current. Applying a ca-
thodic current the overpotential shifts into cathodic direction with time until elec-
trolyte decomposition starts due to depletion of copper ions. Applying an anodic
current the overpotential shifts into anodic direction with time due to depletion of
formaldehyde molecules. This time period between two constant potentials,
called transition time, depends on the applied current density. If adsorption re-
duces the redox active electrode area and leads consequently to an increase of
current density, the transition time decreases. This dependence can be used to
determine the concentration of surface active additives. This investigation re-
veals an influence of the concentration of various stabilizer additives, e.g., mer-
captobenzothiazole and NaCN on the transition time in cathodic and anodic

chrono-potentiometry.

Vitkavage and Paunovic (Annual Technical Conference Proceedings-American
Electroplaters’ Society (1992), 69™"(1), paper A-5, pp. 1-26) investigated the
influence of various additive concentrations on copper reduction in an EDTA
based electroless copper electrolyte. The authors revealed that with increasing
additive concentrations the copper reduction current decreases, depending on
the surface activities of the additives and various stirring conditions. This obser-
vation is also true for cyanide components as stabilizers. The applied potential

run was applied without establishing stationary surface conditions prior the run.

Results from electrochemical impedance spectroscopy (EIS) and coulostatic
measurements of an EDTA based electroless copper electrolyte are presented
by Sato and Suzuki (J. Electrochem. Soc. 135 (1988) 1645-1650). The concen-
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tration of the stabilizer additive 2-mercaptobenzothiazole on platinum electrodes
was determined by evaluating the double layer capacities as well as polarization
resistances. The polarization resistance arises from electroless formaldehyde
oxidation reduced by oxygen. With decreasing additive concentration decreases
the polarization resistance. During all measurements no copper deposition

occurred.

Rothstein describes a method to determine different additives in various plating
electrolytes including mercaptobenzothiazole in an electroless copper electro-
lyte by square wave voltammetry (M. L. Rothstein, Metal Finishing 1984, Octo-
ber issue, 35-39). A squarewave is superimposed on the linear potential
staircase sweep. The current is measured at the end of each half-wave, just
prior to potential change. The reduction or oxidation currents of additives is
measured directly without preadsorbing steps. The additives have to be oxi-

dized or reduced itself.

The US patent 4,814,197 discloses methods of analyzing and controlling an
electroless plating solution comprising formaldehyde as the reducing agent. The
methods also include a procedure for monitoring cyanide ions as stabilizer addi-
tive with a cyanide ion sensitive electrode wherein the potential between said
CN -sensitive electrode and a Ag/AgCl reference electrode is measured. Such
methods fail in the presence of a reducing agent like formaldehyde (see Exam-

ple 4 of this invention).

A cyclic voltammtry study (A. M. T. van der Putten, J.-W. G. de Bakker, J. Elec-
trochem. Soc., Vol. 140, No. 8, 1993, 2229-2235) describes the influence of
Pb? and thiourea stabilizer additives in an electroless nickel bath with hypo-
phosphite as reducing agent on anisotropic nickel plating (bevel plating). The
study does not mention attempts to extract the concentration of said stabilizer

additives from the corresponding measurements.

The European patent application EP 0 265 901 A2 discloses a method for ana-
lyzing an electroless plating solution. The method utilizes a cyanide sensing
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electrode to determine the cyanide ion stabilizer concentration and a voltam-
metric method to determine the concentration of other stabilizer agents. The
voltammetric method for measuring stabilizer concentrations comprises the
steps of a) electrically float and equilibrate the electrodes to assume the mixed
potential Enx and b) apply a positive sweep potential increasing the measured
potential to a value above Enx. From step b) concentration data of stabilizers
are determined by measuring the shift of the peak potential of the plating bath in
comparison to a defined reference standard potential, i.e., with the assumption
that the peak plating bath potential is a function of the stabilizer agent(s) con-
centration. By this method only the potential peak position is used to determine
the stabilizer concentration without taking into account that the stabilizer con-
centration is a function of the potential peak position and the current height at
the potential peak position. Therefore two parameters are changed in parallel
which are not independent of each other and whereas only one parameter is

analyzed.

However, by using a combination of both potential peak position and current
height at potential peak position a much more accurate determination of the

stabilizer concentration can be derived.

In addition the use of a cyanide sensing electrode for measuring the cyanide ion
stabilizer concentration in a chemical plating bath does not lead to reproducible

results (see Example 4 of the current application).

The patent application US 2003/0201191 A1 discloses a voltammetric method
for measuring the concentration of additives in a plating solution wherein the
additive concentration is obtained by a ratio of the stripping peak area from the

profile of the anodic current to a stripping peak area of a base solution.

The patent document JP 53009235 discloses an electrochemical method for
determining the metal ion concentration in an electroless copper coating solu-
tion. The potential of the working electrode is changed periodically in this
method.
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The patent document JP 53009233 discloses an electrochemical method for
control of copper electroless coating solution concentration wherein the current

of a working electrode is changed periodically.

Thus, there is still a need for a reliable method which allows the measurement
and control of a stabilizer additive or mixtures of stabilizer additives in elec-

troless plating electrolytes, especially during use of said plating electrolytes.

Obiject of the Invention

Therefore, it is the object of the present invention to provide a method for con-
trol of stabilizer additives and/or mixtures of stabilizer additives in electroless
metal and metal alloy plating electrolytes. More particularly, the method should
be reproducible and flexible in terms of stabilizer additive(s) and reducing
agent(s) present in the electroless plating electrolyte. Such a method should be
capable also of an on-line analysis of stabilizer additives during usage of said
electroless plating electrolytes, e.g., provide real time control of the electroless

plating electrolyte.

Description of the Figures

Figure 1. The potential course applied at the electrodes for the described
measurement is shown in this figure (see also table 1). The curve corresponds
to the potential performance during the inventive method whereby step a. indi-
cates the cleaning cycle (i.e., electrochemical reduction), step b. is the holding
step (interaction of intermediates on the working electrode) and step c¢. shows
the analyzing scan for the evaluation of the stabilizer concentration (i.e., meas-

urement of the Faradaic current).

Figure 2 shows the influence of the stabilizer additive mixture concentration on
the Faradaic current as a function of the electrode potential in the electroless
copper plating electrolyte used in example 1. The individual data traces differ in

their stabilizer additive concentration, which ranges from 0 to 2 ml/l.
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Figure 3 shows the results obtained in example 2 wherein numerous concentra-
tions of the cyanide ion stabilizer additive in the electroless copper plating elec-

trolyte were recorded in the range between 0 ppm and 20 ppm.

Figure 4: In this figure two samples of an electroless copper plating electrolyte
with a concentration of 10 ppm cyanide ions as the stabilizer additive were
measured to check the reproducibility of the inventive method (example 3).
Each measurement was carried out with a fresh make up of the copper plating
electrolyte. Whereby 70 ppm_1 is the first and 70 ppm_2 is the second meas-

urement with the same amount of the cyanide ion stabilizer additive.

Figure 5 shows the titration curve (potential U versus spent volume of AgCl so-
lution V and the first derivation of U (ERC) versus spent volume V of AgCl solu-
tion) obtained from an electroless copper plating electrolyte containing 10 ppm
cyanide ions as the stabilizer additive and no formaldehyde (comparative ex-
ample 4). The titration curve shows a clear point of inflection leading to the right

cyanide ion concentration.

Figure 6 shows the titration curve (potential U versus spent volume of AgCl so-
lution V and the first derivation of U (ERC) versus spent volume V of AgCl solu-
tion) obtained from an electroless copper electrolyte containing 10 ppm cyanide
ions as the stabilizer additive and formaldehyde as the reducing agent (com-
parative example 4). The titration curve shows no point of inflection and there-
fore, the cyanide ion concentration can not be obtained from such a measure-

ment.

Figure 7 shows the results obtained from the analyzing scan (step c.) in exam-
ple 5 wherein the concentration of the stabilizer additive mixture was varied be-
tween 0.5 and 2.5 ml/l.

Figure 8 shows the analyzing scans (step c¢.) derived from a hypophosphite
based electroless copper plating electrolyte. Two times the same concentration

of the stabilizer additive mixture was measured (example 6). The diagram
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shows two identical scans of potential / current curves for both individual meas-

urements, i.e., plating electrolyte make-ups.

Figure 9 shows the analyzing scan (step c.) from a hypophosphite based elec-
troless nickel plating electrolyte (example 7). The suitable potential range for the
analyze cycle is between -750 and -850 mV. Every trial was done with a new

make up of the electro less Nickel bath.

Figure 10: shows the analyzing cycles (step c.) derived from a hypophosphite
based electroless nickel plating electrolyte. Two times the same concentration
of the stabilizer additive mixture was measured (example 8). The diagram
shows two identical scans of potential / current curves for both individual meas-

urements, i.e., plating electrolyte make-ups.

Detailed Description of the Invention

The invention is related to a voltammetric method for control of stabilizer addi-
tives in electroless metal and metal alloy plating electrolytes. Said electrolytes
comprise one or more sources of the metal or metal alloys to be deposited, re-
ducing agent(s), complexing agent(s) and stabilizer additives. Examples for
metals and metal alloys which can be deposited by electroless plating proc-
esses are copper, nickel, gold, palladium, ruthenium, tin, silver and alloys con-
taining at least one of said metals. Electroless plating methods comprise auto-
catalytic, cementation and immersion processes. The inventive voltammetric
method to control the concentration of stabilizer additives is suitable for any kind

of electroless plating electrolytes.

Such electroless plating electrolytes comprise for example a source of copper
ions, pH modifiers, complexing agents such as EDTA, alkanol amines or tartrate
salts, accelerators, stabilizer additives and a reducing agent. In most cases
formaldehyde is used as reducing agent, other common reducing agents are

hypophosphite, dimethylamine borane and borohydride. Typical stabilizer addi-
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tives for electroless copper plating electrolytes are compounds such as mercap-
tobenzothiazole, thiourea, various other sulphur compounds, cyanide and/or
ferrocyanide and/or cobaltocyanide salts, polyethyleneglycol derivatives, het-
erocyclic nitrogen compounds, methyl butynol, and propionitrile. In addition, mo-
lecular oxygen is often used as a stabilizer additive by passing a steady stream
of air through the copper electrolyte (ASM Handbook, Vol. 5: Surface Engineer-
ing, pp. 311-312).

Another important example for electroless metal and metal alloy plating electro-
lytes are compositions for deposition of nickel and alloys thereof. Such electro-
lytes are usually based on hypophosphite compounds as reducing agent and
further contain mixtures of stabilizer additives which are selected from the group
comprising compounds of Group VI elements (S, Se, Te), oxo-anions (AsO,’,
105", MoO4?), heavy metal cations (Sn®*, Pb*", Hg*, Sb>") and unsaturated or-
ganic acids (maleic acid, itaconic acid) (Electroless Plating: Fundamentals and
Applications, Eds.: G. O. Mallory, J. B. Hajdu, American Electroplaters and Sur-
face Finishers Society, Reprint Edition, pp. 34-36).

The voltammetric method for the measurement of the stabilizer additive concen-
tration in electroless metal or metal alloy plating electrolytes, comprising the

following steps:
a. conditioning of the working electrode surface

b. thereafter bringing into contact such working electrode surface with the
electroless metal or metal alloy plating electrolyte and applying a fixed

potential to said working electrode surface

c. measuring the Faradaic current by applying a potential scan starting from

the fixed potential applied during step b

d. determining of at least one Faradaic current value at at least one poten-

tial value of a potential scan.
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A schematic description in terms of a potential-time curve of steps a. (only elec-

trochemical reduction) to c. is shown in Figure 1.

The Faradaic current describes currents derived from processes which follow
Faraday's law, i.e., processes where electrons or ions cross the electrolyte-
electrode interfaces and wherein these charge transfer steps are accompanied
by oxidation reactions at the anode and reduction reactions at the cathode. The
Faradaic current can be divided in a) a non-stationary Faradaic current which
resembles a time dependent mass transport (e.g., the electrolyte and/or the
working electrode is not agitated during a voltammetric measurement) and b) a
stationary Faradaic current which resembles a time independent mass transport
(e. g., the electrolyte and/or the electrode is agitated during a voltammetric

measurement).

The term f‘interaction’ is defined herein by phenomena observed between the
electrolyte and the surface of the working electrode and includes adsorption

(chemisorption and physisorption) and partial charge transfer.

The term ‘intermediate species’ is defined herein as molecules and ions part of
the electroless metal or metal alloy plating electrolyte which interact with the
surface of the working electrode. Such intermediate species include the stabi-
lizer additive(s), molecules and/or ions derived thereof in the electrolyte or dur-
ing use of said electrolyte, the reducing agent and molecules and/or ions de-
rived thereof in the electrolyte or during use thereof, metal ions and/or com-
plexes of metal ions and/or complexes between stabilizer additive(s) and reduc-

ing agent.

In one embodiment of the present invention, the sample of said electroless
metal or metal plating electrolyte is taken from a metal plating electrolyte and

transferred to a stabilizer additive control set-up as described below.

In another embodiment of the present invention, the sample of said electroless

metal or metal alloy plating electrolyte is taken automatically from the plating
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electrolyte and transferred to a stabilizer additive control stet-up as described

below by techniques known to the person skilled in the art.

In still another embodiment of the present invention, a sample of said elec-
troless metal or metal alloy plating electrolyte is taken and the voltammetric
measurement of the stabilizer additive concentration in accordance with steps
a. to d. and optional steps e. and f. is performed in an online mode providing

real time control of stabilizer additives in electroless plating electrolytes.

Step a. of the inventive method is necessary to enable reproducible conditions
for individual measurements. The working electrode surface is treated in step a.
prior to the measurement of the stabilizer additive concentration in order to pro-
vide a clean and pure metallic surface free of oxides, sulfides and organic resi-
dues. Methods for said purpose are known in the art. For example, a chemical
etching treatment of the working electrode can be done in a persulphate-based
etch cleaner. Such cleaners are known in the art. The electrochemical reduction
of oxidized metal species on the metal working electrode surface is feasible by
treating said surface with a cleaning cycle in the cathodic potential regime using
a three electrode set-up described below. In a preferred embodiment of the pre-
sent invention, a copper working electrode is conditioned prior to stabilizer addi-
tive measurement by treating said electrode first in a chemical etching solution
and then applying an electrochemical reduction procedure. The electrochemical
reduction of the working electrode can be done for example by applying a
cleaning step with a potential of -1.5 V (versus Ag/AgCl) in the electroless metal
or metal alloy plating electrolyte. In case of a noble metal working electrode,
e.g., a platinum working electrode the conditioning step a. may consist only of a
removal of residues such as grease, oils and fingerprints. Such procedures are

referred herein as cleaning.

In general, at least one method selected from chemical etching, electrochemical
reduction or cleaning is applied during step a. However, two ore more of said
methods may be combined throughout step a. in different order. In another em-

bodiment, only a electrochemical reduction of the working electrode is applied in

10
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step a. Such an electrochemical reduction may be done in the electroless metal

or metal alloy plating electrolyte.

Suitable working electrode materials are selected from the group, comprising

copper, nickel, platinum, gold, silver, palladium and glassy carbon.

Differently shaped working electrodes can be used for the inventive method in-
cluding plate shaped electrodes, rings, ribbons, discs and wires.

Either the electroless metal or metal alloy plating electrolyte or the working elec-
trode can be independently agitated during step c. or used without agitation for

said purpose.

The intermediate species present in the electroless plating electrolyte are inter-
acting during step b. with the surface of the working electrode. Therefore, a po-
tential of for example in case of an electroless copper plating electrolyte -0.6 V
(versus Ag/AgCl) is applied to the working electrode and held for a time re-
quired to reach a steady state of the interaction of intermediate species with the

working electrode surface.

The Faradaic current is measured in step c. in order to determine the concen-
tration of the stabilizer additive or mixture of stabilizer additives. It is possible to
measure the stationary or non-stationary Faradaic current. The Faradaic current
correlates with the concentration of the stabilizer additive and/or mixture of sta-
bilizer additives. In one embodiment of the present invention, the Faradaic cur-
rent of the reducing agent is measured in step c. Step ¢. comprises a potential
cycle starting from the potential defined in step b. and scanning into cathodic
direction. In general, the analyzing scan can go from a start potential to an end
potential or from a start potential to an end potential and from there back to said

start potential.

In step d., the measured Faradaic current is determined. This is for example
shown in figure 2, where for a number of potential values E the corresponding

Faradaic current values of the potential scan is provided. Preferably, a potential

11
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range is selected wherein the differences of Faradaic current values from differ-
ent stabilizer additive concentrations are biggest. In Figure 2, this is the case for

potential values E in the range of -0.9t0 -0.8 V.

In one embodiment of the invention, a three electrode set-up with a Ag/AgCl
reference electrode, a platinum counter electrode and a copper working elec-
trode and a potentiostat can be used to control the concentration of the stabi-
lizer additive or mixture of stabilizer additives in an electroless metal or metal
alloy plating electrolyte. During said control, the electrolyte and working elec-

trode can be independently agitated or not agitated.

The inventive method for control of stabilizer additives, more specifically steps b
and c can be performed for example at the temperature at which the electrolyte
is held during metal or metal alloy deposition in production scale. In general, the
inventive method is applicable in a temperature range of 10 to 100 °C, more
preferred between 15 and 60 °C and most preferred between 20 and 40 °C. On
the other hand, the temperature during steps b. and c. in a series of individual
measurements has to be kept constant with a deviation of < +/- 5 °C, more pre-
ferred of < +/- 2 °C, most preferred < +/- 1 °C around the selected measurement
temperature in order to provide reproducibility of the resulting data.

The determined value of the Faradaic current of an electroless metal or metal
plating electrolyte is optionally compared with the target value of the Faradaic
current. The target value is equal to the Faradaic current of a freshly prepared
electroless metal or metal alloy plating electrolyte determined with the inventive
method. A freshly prepared electroless metal or metal alloy plating electrolyte
contains one or more stabilizer additives in an amount which resembles optimal
operating conditions of said electrolyte, e.g., no undesired precipitation of com-
ponents present in the plating electrolyte, desired plating speed and desired

properties of the metal or metal alloy deposit.

12
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In case of a deviation of the determined Faradaic current value from the target
Faradaic current value, stabilizer additive or mixture of stabilizer additive is

added to the tested electroless plating electrolyte.

The target value should be matched after addition of said stabilizer additive or
mixture to a used plating electrolyte. In case of an observed deviation from the
Faradaic current target value, the stabilizer additive or mixture of stabilizer addi-
tives is added. to the working plating electrolyte in an amount sufficient to reach

the target value.

The inventive method can also be used as an on-line method: at first a sample
is taken automatically from the plating electrolyte of a production line for elec-
troless metal deposition. In case of an electroless copper deposition, cu?,
NaOH and formaldehyde concentrations are determined and replenished to set
point for this sample (i.e., concentrations for best mode of operation of the plat-

ing electrolyte).

Then the solution has to be heated or cooled to working electrolyte conditions
(e.g., 30 °C). A Ag/AgCl reference electrode, a platinum counter electrode and a
copper working electrode in a fixed, classical 3-electrode arrangement are ap-
plied for this measurement. The copper working electrode is a disposable elec-
trode and has to be renewed and pre cleaned before each measurement. The
technical application of a disposable copper electrode in an online measure-

ment environment is not described here, since it is a commonly known method.
Steps a. to d. are done automatically and the collected data are stored.

In order to deliver a working dosing concept, the information of the determined
Faradaic current value, i.e., the stabilizer additive concentration is transferred to
the controlling unit of the production line. The lacking amount of stabilizer addi-
tive solution is calculated and dosed immediately into the production plating

electrolyte.

13
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Examples

A three electrode test set-up with a PGSTAT 30 potentiostat (Autolab) and
GPES software was used for control of stabilizer additives in electroless copper
plating electrolytes in examples 1 to 3. All measurements were done with a
Ag/AgCl reference electrode (Metrohm) and a platinum wire as the counter
electrode. The electrolyte temperature was held at 30 °C (+/- 2 °C) during all
measurements. The copper working electrodes were treated with a sodium-
persulphate based etch cleaner (150 g/l sodium-persulphate, 5 g/l Cu?®" and
35 ml/l of 50 wt.-% H,SO,) at room temperature for 30 s prior to use.

The electroless copper electrolyte used for examples 1 to 4 comprised
29/l Cu*

10 g/l NaOH

5 g/l formaldehyde (reducing agent)

20 g/l tartrate (complexing agent)

Different types and amounts of stabilizer additives were added to said electro-

lyte during examples 1 to 4.

Example 1

The stabilizer additives of an electroless copper electrolyte were monitored. A
copper plate (10 x 40 mm) was used as the working electrode. Both, working

electrode and electrolyte were not agitated during steps a.—c. (table 1).

0 to 2 ml/l of a proprietary stabilizer additive mixture (Printoganth® PV, a product
of Atotech Deutschland GmbH), comprising organic and inorganic sulphur com-
pounds and organic nitrogen compounds were added to the electroless copper

electrolyte. No cyanide ions were present in the stabilizer additive mixture.

14
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The test protocol used for the control of the stabilizer additive mixture is sum-

marized in table 1:

Step Potential [V] ver- | Remarks
sus Ag/AgCl ref-
erence electrode
a. Conditioning of -> reproducible
working electrode: working electrode
surface
Na-persulphate
1. chemical etch-
! based etch
ing
cleaner
2. electrochemical .
l Reduction of Cu*
ducti
reduction 15 to CLP
b. interaction of in- -0.6 10 min at fixed
termediates on potential
working electrode
surface
C. Analyzing;scan -0.6 Measurement of
40 mV/s scan non-stationary
speed 12 Faradaic current
0.6 [mA]

The analyzing scan (step c. in table 1) is shown as a current vs. potential plot in

figure 2. The figure shows the forward scan of the analyze cycle c.

(-1000 mV to -600 mV) for different stabilizer additive mixture concentrations in

the range of 0 to 3 ml/l. At a potential of -850 mV one can see a depression of

15
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the Faradaic current values with an increase of the stabilizer additive mixture
concentration. The coverage of the working electrode with stabilizer compo-
nents depends on the concentration of stabilizer components in the plating elec-

trolyte.

Example 2

The cyanide ion stabilizer additive of an electroless copper plating electrolyte
was monitored. A copper plate (10 x 40 mm) was used as the working elec-
trode. Both, working electrode and electrolyte were not agitated during steps
a.—c. (table 1).

The cyanide ion stabilizer additive concentration was varied between 0 and

20 ppm.

The test protocol used was similar to the one shown in table 1, but instead of
measuring the anodic oxidation current of the reducing agent formaldehyde in
step c., now the cathodic reduction current of formaldehyde and/or its interme-

diate species with cyanide ion stabilizer additive was monitored in step c.

The results of the analyzing scan (step ¢.) are shown in figure 3. The impact of
different cyanide ion stabilizer additive concentrations on the current / potential
curves is clearly visible. Therefore, also the cyanide ion stabilizer additive can

be monitored using the inventive method.

Example 3

The reproducibility of the inventive method was investigated. To two portions of
the electroless copper plating electrolyte stock solution 10 ppm of cyanide ions

were added each and the test protocol shown in table 1 applied. The resulting
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current / potential curves for both samples are shown in figure 4. Both individual
curves match almost completely. Therefore, the inventive method is reproduci-
ble.

Example 4 (comparative experiment)

For comparison, the cyanide ion concentration in an electroless copper electro-
lyte described in example 2 was monitored by a potentiometric titration with
AgNO; using a cyanide ion sensitive electrode (measurement of the potential
versus a Ag/AgCl reference electrode). This method yielded sufficient precise
results for cyanide ion concentrations in the range of 0 to 20 ppm as long as no
formaldehyde (i.e., reducing agent) was present in the electroless copper elec-

trolyte (Figure 5).

No reproducible results for cyanide ion concentrations were obtained with an
electroless copper electrolyte used in example 2, i.e., in the presence of the

reducing agent formaldehyde (Figure 6).

Example 5

To prove the capability of the inventive method for stabilizer additive control a
hypophosphite electroless copper plating electrolyte was investigated. The test

was done with a copper plate working electrode (10 x 40 mm).

The composition of the electroless copper plating electrolyte was:

1 g/l cu®

0.2 g/l Ni?*

9 g/l Tri sodium citrate
15 g/l Boric acid

9 g/l NaOH
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27 g/l Sodium hypophosphite (reducing agent)

0.51t0 2.5 ml/l proprietary stabilizer additive mixture (Printoganth® FF, a
product of Atotech Deutschland GmbH)

The overall measurement conditions for this test were the same like for the
other tests (table 1). For every measurement a new make up of the electro less

copper plating electrolyte was done.

The potential-current curves for the three different stabilizer concentrations are
clearly distinctive (Figure 7). The oxidation of the reducing agent sodium hypo-
phosphite occurred between -900 and -1100 mV.

Example 6

The reproducibility of the inventive method was investigated. To two portions of
the hypophosphite based electroless copper plating electrolyte stock solution
from example 6, 1.5 ml/l of the stabilizer additive mixture was added each and
the test protocol shown in table 1 applied. The resulting current / potential
curves for both samples are shown in figure 8. Both individual curves match

almost completely. Therefore, the inventive method is reproducible.

Example 7

For an electroless nickel plating electrolyte the same method was applied to
prove its capability. The test was carried out with a nickel plated copper elec-

trode (size: 10 x 40 mm).

The electro less nickel electrolyte was composed of:
3 g/l NiZ*

15 g/l Sodium hypophosphite (reducing agent)

0.5 — 1.5 ml/l proprietary stabilizer additive mixture (Adhemax® ALF, a product
of Atotech Deutschland GmbH)
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Furthermore a mixture of complexing agents and NaOH to adjust a pH value of
6.5 was added. The test method was the same like for the other tests (table 1)
except the use of a nickel plated copper working electrode instead of a copper
working electrode. Three different stabilizer additive mixture concentrations

were measured (0.5, 1 and 1.5 ml/l).

The results are shown in Figure 9. The data evaluation showed distinctive val-
ues for the potential / current curves in a potential range between —750 and

-850 mV for different stabilizer additive mixture concentrations.

Example 8

The reproducibility of the inventive method was investigated. To two portions of
the hypophosphite based electroless nickel plating electrolyte stock solution
from example 8, 1 ml/l of the stabilizer additive mixture was added each and the
test protocol shown in table 1 applied. The resulting current / potential curves
for both samples are shown in figure 10. Both individual curves match almost

completely. Therefore, the inventive method is reproducible.
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CLAIMS

1. A voltammetric method for the measurement of the stabilizer additive
concentration in electroless metal or metal alloy plating electrolytes,

comprising the following steps:
a. conditioning of the working electrode surface

b. thereafter bringing into contact such working electrode surface
with the electroless metal or metal alloy plating electrolyte and ap-

plying a fixed potential to said working electrode surface

c. measuring the Faradaic current by applying a potential scan start-

ing from the fixed potential applied during step b

d. determining of at least one Faradaic current value at at least one

potential value of a potential scan.

2. The method according to claim 1, wherein the determined Faradaic cur-

rent is compared with the target Faradaic current

3. The method according to any of the foregoing claims, wherein stabilizer
additives are added to the electroless metal or metal plating electrolyte in
order to obtain the target value, if a deviation of the determined Faradaic

current from the target Faradaic current is observed.

4. The method of claim 1, wherein the working electrode surface is condi-
tioned by an electrochemical reduction in the electroless metal or metal

alloy plating electrolyte.

5. The method according to any of the foregoing claims, wherein the work-

ing electrode is chemically etched prior to the electrochemical reduction.
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6. The method according to any of the foregoing claims, wherein the deter-

mined Faradaic current is a stationary Faradaic current

7. The method according to any of the foregoing claims, wherein the deter-

mined Faradaic current is a non-stationary Faradaic current.

5 8. The method according to any of foregoing claims wherein the Faradaic

current measured in step ¢ is an oxidation current.

9. The method according to any of the foregoing claims wherein the

Faradaic current measured in step ¢ is a reduction current.

10.The method according to claims 1 to 7 wherein a first Faradaic current is
10 measured in step ¢ is a reduction current and a second Faradaic current

measured in step ¢ is an oxidation current.

11.A method according to any of the foregoing claims, wherein the elec-
troless metal or metal alloy plating electrolyte is a chemical plating elec-

trolyte applying a reducing agent.

15 12.A method according to claims 1-10, wherein the electroless metal or

metal alloy plating electrolyte is an immersion plating electrolyte.

13.A method according to any of the foregoing claims, wherein the elec-
troless metal or metal alloy plating electrolyte is selected from the group
comprising copper, nickel, gold, palladium, ruthenium, tin, silver and al-

20 loys thereof.
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