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A method for measuring a target constituent of an electro-
plating solution using an electroanalytical technique 1s set
forth 1n which the electroplating solution includes one or
more constituents whose by-products skew an 1nitial elec-
trical response to an energy imput of the electroanalytical
technique. The method comprises a first step 1n which an
clectroanalytical measurement cycle of the target constituent
1s 1nitiated by providing an energy input to a pair of
clectrodes disposed 1n the electroplating solution. The
energy 1nput to the pair of electrodes 1s provided for at least
a predetermined time period corresponding to a time period
in which the electroanalytical measurement cycle reaches a
steady-state condition. In a subsequent step, an electroana-
lytical measurement of the energy output of the electroana-
lytical technique 1s taken after the electroanalytical mea-
surement cycle has reached the steady-state condition. The
clectroanalytical measurement 1s then used to determine an
amount of the target constituent 1n the electroplating solu-
tion. An automatic dosing system that includes the foregoing
method and/or one or more known electroanalytical tech-
niques in a [close] closed-loop system is also set forth.
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METHODS FOR CONTROLLING AND/OR
MEASURING ADDITIVE CONCENTRATION
IN AN ELECTROPLATING BATH

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATTIONS

This 1s a continuation application of International PCT
Patent Application No. PCT/US99/09659, designating the
U.S,, filed May 3, 1999, entitled METHODS AND APPA-
RATUS FOR CONTROLLING AND/OR MEASURING
ADDITIVE CONCENTRATION IN AN ELECTROPLAT-
ING BATH, which claims the benefit of U.S. Provisional
Application No. 60/083,882, filed May 1, 1998.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable.

BACKGROUND OF THE INVENTION

The phenomenal growth exhibited by the semiconductor
industry over the past decades has been due 1n large part to
the ability of manufacturers to provide a 25-30% per year
cost reduction per function throughout this period. Design
innovation, device architecture ‘shrinks’, wafer size
increases, and yield improvement have been some of the
factors enabling this remarkable performance. According to
the 1997 Edition of the National Technology Roadmap for
Semiconductors (NTRS), published by the [Seiniconductor}
Semiconducitor Industry Association, the largest contribution
to productivity growth over the next three device genera-
tions will be decreased feature size; this dimensional scaling
increases the packing density of transistors per square cen-
timeter 1n an integrated circuit.

Complexity of mtegrated circuits and resulting manufac-
turing challenges escalate as feature sizes decrease. Use of
conventional materials technologies and design approaches
[arm] are projected to increase manufacturing complexity to
the point where the costs of fabrication or deleterious effects
on yield and [reltability] reliability offset the benefits of
dimensional scaling.

Among the most significant factors 1n determining device
size and chip performance for the next technology
generations, with transistor gate sizes starting at approxi-
mately 180 nm and diminishing to sub-100 nm widths, are
the structures and materials employed for signal transmis-
sion to and from the active device regions. Globally referred
to as ‘Interconnect’, these processes already represent more
than half the fabrication process budget for leading-edge
microprocessors. Interconnect architecture improvements
now rank among the most intense areas of semiconductor
process and integration development, and are anticipated to
remain so of the foreseeable future.

One of the enhancements to interconnected structures
anticipated to see rapid adoption 1s the replacement of
aluminum and tungsten signal transmission lines by lower-
resistance copper. In a departure from conventional practice,
where metals are typically vacuum deposited by sputtering,
or heterogeneous vapor/solid biphase reactions, copper
interconnect will likely be mtroduced using electroplating or
electrochemical deposition (ECD) processes, which feasi-
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bility studies have shown to be well matched to the demands
of [Damascene] damascene processes, the processes that
have now been adopted by the microelectronic fabrication
industry to form copper mterconnects.

Though electroplating has long been employed as a
fundamental step 1n fabrication of multilevel printed circuit
boards, applications of electroplating to fill [sub-micron]
submicron interconnect features 1s relatively recent and
poses further additional problems, including the need for
more stringent control of electroplating bath composition.

Electroplating 1s a complex process mmvolving multiple
ingredients 1n the plating bath. It 1s important that the
concentration of several of the ingredients be kept within
close tolerances in order to obtain a [high quality] high-
quality deposit. In some cases, chemical analysis of 1ndi-
vidual solution constituents can be made regularly (such as
pH measurement for acid content), and additions made as
required. However, other [adidtion] additional agents such
as brighteners, leveling agents, suppressants, etc., together
with 1mpurities, cannot be individually analyzed on an
economical or timely basis by a commercial plating shop.
Their operating concentration 1s low and their quantitative
analysis 1s complicated and subject to error.

When using an electroplating bath, the ability to monitor
and control bath composition 1s a key factor in ensuring,
uniform and reproducible deposit properties. In semicon-
ductor and microelectronic component applications, the
clectronic and morphological properties of the copper films
are of principle importance 1n determining final device
performance and reliability. The stability of later processes
in the [Damascene] damascene patterning flow depend on
repeatable mechanical properties including modulus,
ductility, hardness, and surface texture. All of these deposit
properties are controlled or strongly imnfluenced by the com-
position of the electroplating bath.

Of particular importance [is] are measurement and con-
trol of proprietary organic compounds which serve to
modify the deposit properties through adsorption onto and
desorption from the cathode surface during plating, atfecting
the diffusion rate of copper cations to nucleation and growth
sites. These compounds are typically delivered as [multi-
component] multicomponent packages from plating chem-
istry vendors. One of the most important functions of the
additive packages 1s to influence the throwing power of the
clectroplating bath: the relative 1nsensitivity of plating rate
to variations in cathodic current density across the wafer or
in the vicinity of surface irregularities. The throwing power
of the electrolyte has a major effect on the cross-wafer
uniformity of plated [filin] film thickness and the success
with which ultrafine trenches and vias (holes) are filled
without included seams or voids. Organic additives have
also been shown to have dramatic effects on mechanical film
properties. Detection and quantification of these 1important
bath constituents [is] are complicated by the fact that they
are cllective at very low concentrations in the electrolyte, at
several ppm or less.

Plating bath analysis for microelectronic applications 1s
strongly driven by the need to limit variability and maintain
device yields through maintenance of optimized process
parameters. One method for controlling such ingredients in
an clectroplating bath 1s to make regular additions of par-
ticular ingredients based upon empirical rules established by
experience. However, depletion of particular ingredients 1is
not always constant with time or with bath use.
Consequently, the concentration of the ingredients is not
actually known and the level in the bath eventually dimin-
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1shes or mcreases to a level where 1t 1s out of the acceptable
range tolerance. If the additive content goes too far out of
range, the quality of the metal deposit suffers and the deposit
may be dull in appearance and/or brittle or powdery 1n
structure. Other possible consequences include low throw-
ing power and/or plating folds with bad leveling.

A common method for evaluating the quality of an
electroplating bath is disclosed [in] by Tench, U.S. Pat. No.
4,132,605 ([hereafter] hereinafter the Tench patent). In
accordance with the procedures of the Tench patent, the
potential of a working electrode 10 1s swept through a
voltammetric cycle, including a metal plating range and a
metal stripping range, for at least two baths of known plating
quality and an additional bath whose quality or concentra-
tion of brightener 1s to be evaluated. The integrated or peak
current utilized during the metal stripping range 1s correlated
with the quality of the bath of known quantity. The inte-
orated or peak current utilized to strip the metal 1n the bath
of unknown quality 1s compared to the correlation and 1s
quality evaluated. In a preferred embodiment of said patent,
the potential of an 1nert working electrode 10 1s swept by a
function generator through the voltammetric cycle. An aux-
liary electrode 20 immersed in the plating bath 1s coupled
in series with a function generator and a coulometer to
measure the change from the working electrode 10 during
the stripping portion of the cycle.

An 1mprovement to the method disclosed in the Tench
patent 1s described by Tench and White, in the J. Electro-
chem. Soc., “Electrochemical Science and Technology”,
April, 1985, pp. 831-834 ([hercafter] hereinafter the Tench
publication). In accordance with the Tench publication,
contaminant buildup in the copper plating bath affects the
copper deposition rate and thus interferes with brightener
analysis. The Tench publication teaches that, rather than the
continuous sweep cycle utilized in the above-reference
patent, a method be used involving sequentially pulsing the
clectrode between appropriate metal plating, metal
stripping, cleaning, and equilibrium potentials whereby the
clectrode surface 1s maintained 1n a clean and reproducible
state. Stated otherwise, where the process of the Tench
patent 1nvolves a continuous voltammetric sweep between
about 31 600 mV and +1,000 mV versus a working electrode
and back over a period of about 1 minute, the Tench
publication pulses the potential, for example, at =250 mV for
2 seconds to plate, 4200 mV for a time suilicient to strip,
+1,600 mV to clean for seconds, +425 mV for 5 seconds to
equilibrate, all potentials referenced to a saturated Calomel
clectrode, after which the cycle 1s repeated until the differ-
ence between successive results [are] is within a predeter-
mined value, for example, within 2% of one another.

The procedure of the Tench publication provides some
improvement over the procedure of the Tench patent, but
during continuous use of an electroplating bath and follow-
Ing successive analysis, contaminants build up on the elec-
trodes and analysis sensitivity is lost. Further, as the present
inventor has found, such procedures frequently fail when
applied to certain used baths. The inability to accurately
measure additive concentrations 1n such used baths effec-
tively reduces the [life time] /ifetime time of the bath and
increases the cost associated with producing, for example,
semiconductor integrated circuits and microelectronic com-
ponents.

BRIEF SUMMARY OF THE INVENTION

A method for measuring a target constituent of an elec-
troplating solution using an electroanalytical technique 1s set
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4

forth 1n which the electroplating solution includes one or
more constituents whose by-products skew an 1initial elec-
trical response to an energy imput of the electroanalytical
technique. The method comprises a first step 1n which an
clectroanalytical measurement cycle of the target constituent
1s 1nitiated by providing an energy input to a pair of
clectrodes disposed 1n the electroplating solution. The
energy 1nput to the pair of electrodes 1s provided for at least
a predetermined time period corresponding to a time period
in which the electroanalytical measurement cycle reaches a
steady-state condition. In a subsequent step, an electroana-
lytical measurement of the energy output of the electroana-
lytical technique 1s taken after the electroanalytical mea-
surement cycle has reached the steady-state condition. The
clectroanalytical measurement 1s then used to determine an
amount of the target constituent 1n the electroplating solu-
fion. An automatic dosing system that includes the foregoing
method and/or one or more known electroanalytical tech-
niques in a [close] closed-loop systems is also set forth.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a diagram of an exemplary analytical cell used
to implement an electroanalytical measurement of [a] an
electroplating [bath] bath’s constituents.

FIGS. 2 and 3 are graphs 1illustrating the implementation
of a CVS measurement process.

FIG. 4 1s a graph 1illustrating the differences in the
clectrical response of a new electroplating bath and an old
clectroplating bath.

FIG. 5 1s a graph illustrating an electroanalytical mea-
surement taken 1n accordance with one embodiment of the
present 1nvention.

FIG. 6 1s an exemplary calibration graph that may be used
to determine the concentration of an electroplating [bath]
bath’s constituent, such as a suppressor, based on a mea-
surement such as the one taken in FIG. §.

FIG. 7 1s a graph 1illustrating the effect of different
variables on measurements taken during an electroanalytical
measurement process.

FIG. 8 1s a graph 1llustrating a normalized curve based on
the data of FIG. 7 that assists 1n reducing the effect of the
different variables on the measurement data.

FIG. 9 1s a schematic block diagram of one embodiment
of a dosing system that uses an electroanalytical technique
as part of a feedback process to replenish an electroplating
bath with a target constituent.

DETAILED DESCRIPTION OF THE
INVENTION

In order to comprehend the present 1nvention, an under-
standing of the various techniques suitable for analyzing an
clectroplating bath 1s helpful. To this end, a description of
certain electroplating bath analysis techniques [are] is set
forth along with several problems with these techniques that
have been 1dentified and addressed by the inventors.

A major category of instrumental analysis suitable for
monitoring an electroplating bath 1s electroanalysis. The
clectroanalytical methods use electrically conductive
probes, called electrodes, to make electrical contact with the
clectroplating solution. The electrodes are used 1n conjunc-
tion with electric or electronic devices to which they are
attached to measure an electrical parameter of the electro-
plating solution. The measured parameter 1s related to the
type and quantity of additives in the electroplating solution.
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Faradaic electroanalysis 1s attractive as an investigative
analytical method principally because what 1s studied is the
clectrochemical activity of the bath sample under applied
clectrical stimulus; the measured responses are related 1n a
fundamental way to the properties which influence the
quality of the metal deposition process itself. Electroanalysis
further offers the opportunity to study the mechanisms and
kinetics of the plating process, and the influences the various
bath components exert on plating rate suppression and

acceleration.

Generally stated, electroanalytical methods are divided
into categories according to the electric parameters that are
measured. The major electroanalytical methods include
potentiometry, amperometry, conductometry, voltammetry
(and polargraphy), and coulometry. The names of the meth-
ods reflect the measured electric property of its units.
Potentiometry measures electric potential (or voltage) while
maintaining constant (normally nearly zero) electric current
between the electrodes. Amperometry monitors electric cur-
rent (amperes). Conductometry measures conductance (the
ability of a solution to carry an electric current). Voltamme-
try 1s a technique 1 which the potential 1s varied 1n a regular
manner while the current 1s monitored. Polarography 1s a
subtype of voltammetry that utilizes a liquid metal electrode.
Coulometry 1s a method that monitors the quantity of
electricity (coulombs) that are consumed during an electro-
chemical reaction involving the analyte. As will become
apparent, the present invention 1s suitable for use 1 con-
nection with all of these electroanalytical methods.

[The] Voltammetry (or amperometry) involves the inves-
tigation of the current, which develops 1n an electrochemical
cell as a consequence of applied potential between a work-
ing and auxiliary electrode pair, with the potential measured
against a suitable reference electrode. FIG. 1 shows the
schematic wiring diagram for a device useful 1n practicing
the present invention. Three electrodes, a working electrode
10, auxiliary electrode 20, and a reference electrode 30, are
immersed 1n a bath cell 40. The reference electrode 30 may,
for example, be a Ag/AgCl [double junction] double-
junction or Saturated Calomel Electrode (SCE). The work-
ing electrode 10, for example, may be one of several types,
including the dropping mercury electrode (DME), hanging
mercury drop electrode (HMDE) mercury thin film [elec-
trodes] electrode (MTFE), or an inert electrode which may
be either stationary or of a rotating disc electrode (RDE)
configuration. While the mercury-based electrodes offer the
advantage of a surface that can be periodically ‘renewed’ to
offer immunity to drift in electromechanical responses asso-
ciated with changes in surface conditions (e.g., deposit
build-up or smutting), inert RDE-type working electrodes
with Pt, Pd, Ir, or Rh surfaces are most often employed in
systems dedicated to plating bath analysis for convenience
of system set-up, maintenance, and waste handling. FIG. 1
illustrates use of an RDE-type electrode 1n which relative
motion between the working electrode 10 and the bath is
established by a motor (§) that rotates the working electrode
10. Electrical contact to the working electrode 10 1s made by,
for example, slip brushes. Voltammetric cycles can be speci-
fied to provide m-situ cleaning of the RDE surface, and
analytical methods are known which minimize the influence
of slight changes 1n the electrode surface state over time.
Potentiometry 1s conducted in 1dentical apparatus, with
evaluation of the voltage between the working and auxiliary
clectrodes required to maintain a forced current.

A computer (6) is used to control an electronic poten-
tiostat (7), which controls the energy input between the
working electrode 10 and the reference electrode 30. For
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laboratory testing of the method, instrumentation such as a
Pine Instruments Potentiostat under IBM computer control
may be used. Using a suitable program, the energy input
sequences may be applied to the working electrode 10. The
output of the device can also be plotted on an X-Y recorder
to graphically display the changes 1n energy output versus
time for each step. The terms “energy mput” and “energy
output” 1n the following description of the methods will
refer to control of the potential (energy input) while moni-
toring current density (energy output), or control of current
density (energy input) while monitoring potential (energy
output).

The most widely applied electroanalytical technique for
plating bath analysis i1s stripping voltammetry, with Cyclic
Voltammetric Stripping (CVS) or a closely related variant,
Cyclic Pulsed Voltammetric Stripping (CPVS) representing
common methods. Both techniques depend on controlling
the voltage between the working electrode 10 and auxiliary
clectrode 20 with the potentiostat such that the working
clectrode 10 1s cycled between cathodic and anodic poten-
tials while 1n contact with the electroplating solution. A
metal film 1s alternately reduced on the working electrode 10
surface and subsequently stripped by anodic dissolution.
The potentiostat cycle 1s defined so that the current can be
integrated over time during the stripping period, allowing
quantification of the electric charge 1n coulombs transferred
during the time required for complete film dissolution. The
charge 1s directly related to the molar quantity of metal
stripped (and therefore to the amount initially deposited) by
Faraday’s laws. The stripping charge 1s monitored rather
than the charge transferred during film deposition because
the stripping charge 1s less sensitive to changing electrode
surface state and less influenced by factors such as charging
and 1mpurity currents. Empirically, too, there are inherent
advantages of monitoring a process which proceeds to a
well-defined endpoint.

The current/voltage/time relationship during analysis 1s
extremely sensitive to variations in electroplating bath com-
position and, not 1incidentally, measurement conditions such
as temperature. If sufficient care 1s taken 1in methods devel-
opment and measurement technique—if, for instance, all
component concentrations other than the one of interest can
be held relatively constant—then stripping voltammetry can
be employed to generate calibration curves with which
subsequent analyses can be compared to yield reasonably
accurate quantification of analyte composition.

In CVS analysis, the potential between the working
electrode 10 and auxiliary electrode 20 1s swept at a constant
rate between user-defined limits. The voltage sweep may be
repeated several times per analysis cycle, with the working
clectrode 10 alternating between film deposition and
stripping, until a repeatable current vs. voltage response 1s
obtained. The plot showing current as the dependent variable
over the traversed potential range 1s termed a
voltammogram, and provides a kind of ‘fingerprint” of the
clectrochemical response of the electroplating bath. An
example of a voltammogram for an acid copper electrolyte
of specific composition 1s shown as FIG. 2, with the regions
associated with metal film deposition and stripping noted.
Because the potential sweep rate 1s held constant during
analysis, the area of the current peak associated with strip-
ping 1s proportional to the stripping charge and, therefore, to
variation 1n the electrolyte composition.

CPVS ditfers in that the potential between working elec-
trode 10 and auxiliary electrode 20 1s not swept over a range
at a constant rate, but rather stepped between discrete values
while the pulse width at each voltage 1s either held to fixed
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times (e.g. during deposition) or maintained until endpoint is
achieved (during stripping). A typical process sequence for

CPVS analysis 1s shown in FIG. 3. The working electrode 10

is first cleaned at a high anodic potential (V_,__,,) for a few
seconds, followed by a few seconds at [V, iiserarion] Vequitr
praion. Metal 1s deposited on the electrode surface during a
cathodic pulse V . then anodically dissolved at V, . until
all the metal is removed (i.e., stripping current is
extinguished).

The 1ntegration of the current during the stripping pulse of
the cycle yields a measure of charge, which as before is
directly proportional to the moles of film deposited [atv-
plaw] at V... With sufficiently precise control of the
deposition pulse width, the amount of metal deposited (and
subsequently stripped at V can be correlated through

SIFLIp
calibration to the makeup of the electrolyte.

Although the [voltametric] voltammetric stripping tech-
niques are ol potential utility 1 quantitating a number of
plating bath components, 1n practice they are most often
employed for evaluating levels of organic additives such as
suppressing and brightening agents. A number of calibration
methods have been proposed for developing correlations
between stripping charges and concentration of plating bath
species; several have reportedly been put 1nto practice with
good results.

The present 1nventors have recognized that one of the
most problematic shortcomings of voltammetric analyses
[are] is their sensitivities to so-called ‘matrix effects’. Many
plating bath components and their breakdown products can
display convoluted electrochemical interactions, hence the
stripping charge responses can ambiguous 1f several con-
stituents have undergone significant concentration change
simultaneously.

With respect to certain electroplating solutions (such as
those available from Enthone-OMI), the present inventors
have recognized that the organic component used as the
brightener 1s consumed and breaks down 1nto reaction
by-products. As measured using the CVS technique, either
these by-products or excess surfactant (which builds up with
time) act as a pseudo-suppressor. The buildup of pseudo-
suppressor introduces substantial errors 1n the CVS analysis
whereby an excess amount of suppressor 1s indicated. As the
present mventors have found, the reason for this erroneous
result from CVS 1s that the used bath responds differently
than a new bath for the first 10-20 seconds of deposition.
More particularly, the inventors have found that the current
transient 1s suppressed. CVS interprets this as plating bath
suppression because the CVS technique never reaches
stcady-state conditions. Rather, the normally used scan rate
1s 100 mV/sec giving a total metal deposition time of less
than 5 seconds. FIG. 4 1s a plot of a used and new bath with
approximately the same amount of suppressor in each. Note
that at a time of 5 seconds, the current exhibited by the used
bath 1s much less than that of the new bath. This difference
1s mistakenly measured by the CVS method as extra sup-
PIessor.

From the foregoing analysis, the present inventors have
recognized that, as steady-state conditions are approached
(c.g., at t=15 seconds), the two contents approach the same
value. Based on this recognition, a new method 1s set forth
that correctly eliminates the error due to this current tran-
sient suppression. The method can measure suppressor in
used electroplating baths as well as new electroplating baths,
thereby facilitating use of the electroplating bath for an
extended period of time since the components (e.g.,
suppressor) may be accurately measured and dosed during
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this extended period of time,unlike 1 prior additive mea-
surement techniques.

Generally, stated, the 1nventive analysis techniques set
forth herein modifly existing techniques so that the analytical
measurements are taken as the particular technique achieves
or approaches a steady-state condition. Examples of such
techniques include, but are not limited to, the following:

1. Chronoamperometry;
2. Chronopotentiometry;

3. Cyclic Voltammetry Stripping (CVS) where the scan
rate 1s substantially reduced so as to approach [steady-
state] steady state;

4. CVS with a pause 1n the plating region so as to
approach steady state;

5. Multiple or single linear sweeps that are performed at
a slow rate and then calibrated versus organic concen-
tration; and

6. Cyclic Pulse Voltammetry Stripping where the plating
time is [increases] increased so as to approach [steady-
state] steady state.

Although any of the foregoing analysis techniques are
suitable for use 1n accordance with the teachings of the
present mvention, the following discussion will center on a
specific embodiment of the technique using chronoamper-
ometry (CA) measurements. The advantage of the CA
technique over the known CVS technique 1s the fact that 1t
measures at [steady-state] steady state.

Suppressor analysis using chronoamperometry can be
performed using a series of basic steps, some of which are
optional, including:

1. Generating a CA analysis calibration curve (optional);

2. Performing CA analysis on a bath sample (repeats with
dilution & titration, as will be set forth below, are
optional);

3. Using the data obtained in steps 1 and 2 to mathemati-
cally calculate the rate of suppression (optional); and

4. Calculating the amount of suppression using a Juser
defined] user-defined logic routine.
A preferred manner of executing the chromoamperometry
includes the following steps:

STEP

NUMBER ENERGY INPUT DESCRIPTION

1 1.6 V for 5 seconds high oxidation step

2 0.5 V for 150 seconds seed electrode with copper

3 -0.1 V for 30 sec low oxidation step/stabilize
electrode

4 +0.062 V for 15 sec establish equilibrium @ OCP —
0.062 V

5 CA (@ -0.25 V for 60 measure the current after

seconds about 60 seconds have

elapsed

The potentials listed are relative to a Ag—Ag(l electrode
current at a [user specified] user-specified time. For the
examples disclosed herein, the current 1s measured at about
60 seconds.

The calibration curve mentioned 1n step 1 above com-
prises a series of CA plots of known concentration where the
measurable 1s plotted as a function of concentration as
shown 1n FIG. 6. While this method may be used to correlate
suppressor concentration versus current, 1t 1s 1mportant to
keep variables, such as temperature, reference electrode
calibration, etc., constant to reduce errors. Potential errors
induced by such variables are 1llustrated in FIG. 7.
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The optional next step 1s to mathematically calculate the
rate of suppression by taking the 1%derivative of the data
shown 1n FIG. 7. This calculated data 1s shown 1n FIG. 8 and
has the advantage of minimizing the influences of variables
such as temperature and electrode calibration.

The final step 1s to relate the data taken and/or take data
in such a way so that the amount of suppressor in the bath
can be calculated. Six methods are set forth herem to
accomplish this task using chronoamperometry. They are:

I. Use no titration—relate current or some aspect of the
CA plot to a calibration curve;

II. Concentration fitration using the unknown bath as the
diluent and suppressor as the titrant;

III. Concentration titration using diluted unknown bath as
the diluent and suppressor as the titrant;

I'V. Concentration titration using Virgin Make-Up solution
(VMS) as the diluent and the unknown bath as the

titrant;

V. Concentration titration using linear slope analysis and
suppressor or plating bath as the fitrani and VMS or
plating bath as the diluent; and

VI. Dilution [Titration] fitration using the undiluted,
unknown bath as the diluent and VMS (with or without
carrier) as the titrant.

In the foregoing descriptions, the term “concentration
fitration” refers to a method that measures a response 1n an
clectroplating bath with increasing concentration of the
suppressor, and the term “dilution titration” refers to a
method that measures a response with decreasing suppressor
concentration. Exemplary steps for executing these methods
using, for example, an [Enthone based] Ethone-based
chemistry, are described below. These exemplary steps or
“recipes” are 1llustrative and further steps may be added
(c.g., for electronic conditioning) as required, chemical
volumes may be changed, etc. Also, 1t will be recognized
that the following methods may be combined with one
another.

EXEMPLARY METHOD 1

In accordance with the first exemplary method 1n which
no titration 1s used, current or some other aspect of the CA
plot 1s related to a calibration curve. To this end, the
following process steps may be implemented:

1. Remove an amount of electroplating bath (i.e., 50 mls)
from the electroplating reactor,

2. Perform a CA measurement using the electroplating
bath removed 1n Step 1, ensuring that the measurement
1s taken during the CA process as it approaches or
reaches a [steady-state] steady state (e.g., by using the
preferred process steps set forth above); and

3. Compare the resulting measurement with the calibra-
tion curve to determine the amount of additive (i.e.,
suppressant) in the bath.

Exemplary Method I 1s advantageous in that it 1s a very
simple process to implement. However, a disadvantage of
this approach 1s the fact that it requires a predetermined
calibration curve.

EXEMPLARY METHOD II

The second exemplary method involves concentration
fitration using the unknown bath as the diluent and the
suppressor as the titrant. To this end, the following process
steps may be implemented:

1. Remove an amount of electroplating bath (i.e., 50 mls)
from the electroplating reactor;

2. Perform a CA measurement using the electroplating
bath removed 1n Step 1, ensuring that the measurement
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1s taken during the CA process as 1t approaches or
reaches a [steady-state] steady state (e.g., by using the
preferred process steps set forth above);

3. Add 5%-25% (0.0075-0.0375 mls) suppressor;

4. Perform a CA measurement using the solution formed
in Step 3, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[stcady-state] steady state (e.g., by using the preferred
process steps set forth above);

5. Repeat Steps 3 and 4 as necessary to generate a slope,
or to otherwise gather enough data to answer [a] logic
criteria (e.g., 1s the concentration below the “knee”);

6. Compare the measurement results obtained during one
or more cycles of Steps 3 and 4 to the calibration curve;
and

/. Calculate the concentration based on the comparison
made 1n Step 6.

One advantage of Exemplary Method II 1s that the titra-
fion does not require either AE carrier syringe or a VMS
[Syringe] syringe. However, it has been found that the
accuracy of this method decreases at high initial suppressor
concentrations. This 1s due to the fact that the slope
decreases with this particular Enthone chemistry.

EXEMPLARY METHOD III

The third exemplary method involves concentration titra-
tion using the diluted unknown bath as the diluent and
suppressor as the titrant. To this end, the following process
steps may be implemented:

1. Remove an amount of electroplating bath (i.e., 10 mls)
from the electroplating reactor;

2. Add an amount of VMS (40 mls)+100% (b 0.4mls)
carrier to the amount of electroplating bath removed 1n
Step 1;

3. Perform a CA measurement using the solution formed

in Step 2, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a

[steady-state] steady state (e.g., by using the preferred
process steps set forth above);

4. Add 5%-25% (0.0075-0.0375 mls) suppressor;

5. Perform a CA measurement using the solution formed
in Step 4, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[stcady-state] steady state (e.g., by using the preferred
process steps set forth above);

6. Repeat Steps 4 and 5 as necessary to generate a slope,
or to otherwise gather enough data to answer [a] logic
criteria (e.g., 1s the concentration below the “knee”);

/. Compare the measurement results obtained during one
or more cycles of Steps 4 and 5 to the calibration curve;
and

8. Calculate the concentration based on the comparison
made 1n Step 7.

Exemplary Method III exhibits an increased accuracy
over Exemplary Method II by diluting the electroplating
bath sample to the more accurate end of the calibration
curve.

EXEMPLARY METHOD IV

The fourth exemplary method involves concentration
titraton using Virgin Make-Up solution (VMS) as the diluent
and the unknown bath as the titrant. To this end, the
following process steps may be implemented;

1. Remove an amount of electroplating bath (i.e., 10 mls)
from the electroplating reactor;

2. Mix a solution of VMS (40 mls)+100% (0.4 mls);
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3. Perform a CA measurement using the solution formed
in Step 2, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[steady-state] steady state (e.g., by using the preferred
process steps set forth above);

4. Add a quantity of the unknown bath removed 1n Step
1 (10-25% of the initial VMS volume (4-10 mls) to
VMS;

5. Perform a CA measurement using the solution formed
in Step 4, ensuring that the measurement 1s taken
during the CA process 1s 1t approaches or reaches a
[steady-state] steady state (e.g., by using the preferred
process steps set forth above);

6. Repeats Steps 4 and 5 until a sufficient curve 1is
generated; and

7. Compare the curve generated in Steps 4-6 to a cali-
bration curve to calculate [Calculate] the constituent
concentration.

It should be noted that the accuracy of Exemplary Method
IV will decrease significantly 1f the bath solution 1s too
dilute,

EXEMPLARY METHOD V

The fifth exemplary method involves concentration titra-
tion using [using] linear slope analysis. To this end, the
following process steps may be implemented:

1. Remove an amount of electroplating bath (i.e., 10 mls)
from the electroplating reactor;

2. Provide a solution of VMS (50 [mis)mnis)+100% (0.5
mls);

3. Perform a CA measurement using the solution formed
in Step 2, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[steady-state] steady state (e.g., by using the preferred
process steps set forth above).

4. Add an amount of the electroplating bath removed in
Step 1 to the solution formed 1n Step 2;

5. Perform a CA measurement using the solution formed
in Step 4, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[steady-state] steady state) e.g., by using the preferred
process steps set forth above);

6. Add 10-25% suppressor to the solution (0.015-0.037
mls);

/. Perform a CA measurement using the solution formed
in Step 6, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[steady-state] steady state (e.g., by using the preferred
process steps set forth above);

8. Repeat Steps 6 and 7 to generate a measurement curve;
and

9. Using a linear fit or other appropriate curve, calculate
the amount of the suppressor 1n the unknown electro-
plating bath.

This exemplary method works well 1in those instances in
which a linear region may be obtained. Additionally, 1t does
not require a calibrator curve and, further, 1s less dependent
on bath carrier solution than the foregoing exemplary meth-
ods.

EXEMPLARY METHOD VI

The sixth exemplary method imvolves dilution titration
and comprises performing a CA test on the unknown bath,
dividing the unknown bath by diluting 1t with Virgin Make-
UpSolution (VMS), performing another CA test, comparing
the measurable with [a] logic criteria (e.g., matching the
calibration curve or until a specific delta change has
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occurred, etc.). To this end, the following process steps may
be 1mplemented:

1. Remove an amount of electroplating bath (i.e., 40 mls)
from the electroplating reactor;

2. Perform a CA measurement using the solution formed
in Step 1, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[steady-state] steady state (e.g., by using the preferred
process steps set forth above);

3. Add 10-20% (4-8 mls) of the VMS plus corresponding
carrier (0.04—0.08 mls) to the unknown electroplating
bath removed 1n Step 1,

4. Perform a CA measurement using the solution formed
in Step 3, ensuring that the measurement 1s taken
during the CA process as 1t approaches or reaches a
[steady-state] steady state (e.g., by using the preferred
process steps set forth above);

5. Calculate the slope of the measurement taken 1n Steps
2 and 4;

6. Compare with [a] logic criteria (e.g., compare the slope
with the calibration curve); and

7. Repeat steps 3—5 on the same sample until the degree

of resolution 1s achieved.

Exemplary Method VI 1s advantageous 1n that 1t 1s rela-
tively easy to implement. Further, the method can be
repeated until the sensitive range of the calibrated curve is
reached, thereby providing for a wide range of measurement
sensitivity and resolution.

AUTOMATIC DOSING SYSTEM

As the microelectronics fabrication industry moves
toward widespread use of electroplating, particularly of
[micro-structures] microstructures, there is an increased
need for highly accurate dosing systems that replenish the
various components of the electropath bath. To this end,
dosing systems have been developed for use with electro-
plating tools, that are used at microelectronic fabrication
facilities. Most known systems, however, execute the dosing
function using open-loop, predetermined models that replen-
ish the electroplating bath constituents based on [emperi-
cally] empirically determined data. Such systems may be
suitable for certain electroplating processes, but becomes
less viable as new device requirements Impose more rigor-
ous standards on the make-up of the electroplating bath.

More accurate control of both of the plating both con-
stituents may be obtained using a dosing system that
employs measurement feedback to ascertain the proper
quantity of a [bath] bath’s constituents. An exemplary
feedback dosing system 1s 1llustrated 1n FIG. 9. As shown,
the dosing system, shown generally at 100, includes a
central processor 105 that 1s used to control the operations
necessary to perform the following functions: 1) extract a
sample of the electroplating bath that is to be analyzed; 2)
execute an electroanalytical technique on the electroplating
bath sample; 3) calculate the amount of the electroplating
bath constituent present in the sample based on the results of
the electroanalytical technique; and 4) use the resulting
calculation to automatically control the supply of an amount
of the constituent to replenish the electroplating bath, raising
the constituent concentration to a predetermined level.

In order to execute the foregoing functions, the central
processor 105 1s connected to interact with and exchange
information with a number of units [the] and systems. A bath
sample extraction unit 110 1s connected for control by the
central processor 105. The bath sample extraction unit 110
1s connected to receive electroplating solution along line 120
from the principal electroplating bath 115 1n response to
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control signals/commands received from the central proces-
sor 105 along communication link 1235. In response to such
control signals/commands, the bath sample extraction unit
110 provides the bath sample to either an electroanalysis unit
130 or to an optional titration system 135.

Both the electroanalysis unit 130 and the optional titration
system 135 are under the control of the central processor
105. The central processor 105 coordinates the activities of
the electroanalysis unit 130 and fitration system 135 to
execute the desired electroanalytical technique. The elec-
troanalytical technique can be any of the known techniques,
or can be one or more of the 1nventive techniques disclosed
herein.

The central processor 105 [that] acquires the requisite
data based on the electroanalytical technique to directly
calculate or otherwise determine 1n a relative manner the
concentration of the plating bath constituent bath constitu-
ent. Based on this calculation/determination, the central
processor 1035 directs one or more constituent dosing supply
units 140 to provide the necessary amount of the constituent
(or amount of solution containing the constituent) to the
clectroplating bath 115, thus completing the feedback con-
trol process.

It will be recognized that the inventive electroanalytical
techniques described above can be i1mplemented in a
manual, [semi-automatic] semiautomatic, or completely
automatic manner. Dosing system 100 1s merely provided as
an 1llustrative, yet novel manner in which to implement one
or more known and/or invenftive electroanalytical techniques
described above.

Numerous modifications may be made to the foregoing
system without departing from the basic teachings thereotf.
Although the present invention has been described 1n sub-
stantial detail with reference to one or more speciic
embodiments, those of skill in the art Jto the the the] will
recognize that changes may be made thereto without depart-
ing form the scope and spirit of the 1nvention as set forth in
the appended claims.

What 1s claimed 1s:

1. A method for measuring a target constituent of an
clectroplating solution using a plating and/or stripping elec-
troanalytical technique, the electroplating solution including
one or more constituents that form a byproduct that skews an
initial plating and/or stripping response to an energy input of
the electroanalytical technique for a first time period beyond
which such skewing i1s negligible, the method comprising
the steps of:

initiating a plating and/or stripping electroanalytical mea-
surement cycle for measurement of the target constitu-
ent by providing electrical energy to at least a pair of
clectrodes disposed 1n the electroplating solution, the
clectrical energy input to the pair of electrodes being
provided to either plate or strip a metal to or from at
least one of the electrodes for at least a predetermined
time period that extends beyond the first time period;

taking an electroanalytical measurement of the energy
output of the electroanalytical technique after the first
time period has elapsed and before the predetermined
time period has elapsed;

using the electroanalytical measurement to determine an
amount of the target constituent in the electroplating
solution so as to reduce the effect of the skewing of the
initial plating and/or stripping response caused by the
one or more by-products 1n calculating the amount of

the target constituent.
2. Amethod as claimed 1n claim 1 wherein the electroana-
lytical technique comprises cyclic pulsed voltammetric

stripping.
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3. Amethod as claimed 1n claim 1 wherein the electroana-
lytical technique comprises cyclic voltammetric stripping.

4. Amethod as claimed 1n claim 1 wherein the electroana-
lytical technique comprises chronoamperometry.

5. Amethod as claimed 1n claim 1 wherein the electroana-
lytical technique comprises chronopotentiometry.

6. Amethod as claimed in claim 1 wherein the electroana-
lytical technique comprises linear sweeps of the energy
input that are performed at a slow rate and then calibrated
versus concentration of the target constituent.

7. A method as claimed in claim 1 wherein the target
constituent comprises a SUppressor.

8. Amethod as claimed 1n claim 1 wherein the electroana-
lytical technique comprises titration.

9. A method as claimed 1n claim 8 wherein the electro-
plating solution 1s used as the diluent and the target con-
stituent 1s used as the titrant.

10. A method as claimed 1n claim 8 wherein a virgin
make-up of the electroplating solution 1s used as the diluent
and the electroplating solution 1s used as the titrant.

11. A method for measuring a suppressor for an electro-
plating solution using a metal plating and/or stripping elec-
troanalytical technique, the electroplating solution including
one or more constituents that form a by-product that oper-
ates as a pseudo-suppressor during an 1nitial electrical
energy 1nput of the electroanalytical technique for a first-
time period beyond which such skewing 1s negligible, the

method comprising the steps of:
initiating a plating and/or stripping electroanalytical mea-
surement cycle to measure the suppressor by providing
an electrical energy input to at least one pair of elec-
trodes disposed 1n the electroplating solution, the elec-
trical energy 1nput to the pair of electrodes being
provides to either plate or strip a metal to or from at
least one of the electrodes for at least a predetermined
time period that extends beyond the first time period;

taking an electroanalytical measurement of the energy
output of the electroanalytical technique after the first
time period has elapsed and before the predetermined
time period has elapsed;

using the electroanalytical measurement taken after the
first time period has elapsed and before the predeter-
mined time period has elapsed to determine an amount
of the suppressor in the electroplating solution so as to
reduce the effect of the skewing of the initial plating
and/or stripping response caused by the pseudo-
suppressor 1n calculating the amount of the suppressor.

12. A method as claimed in claim 11 wherein the elec-
troanalytical technique comprises cyclic pulsed voltametric
shipping.

13. A method as claimed in claim 11 wherein the elec-
troanalytical technique comprises cyclic voltammetric strip-
ping.

14. A method as claimed in claim 11 wherein the elec-
troanalytical technique comprises chronoamperometry.

15. A method as claimed in claim 11 wherein the elec-
troanalytical technique comprises chronopotentiometry.

16. A method as claimed in claim 11 wherein the elec-
troanalytical technique comprises linear sweeps of the
energy 1nput that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

17. A method for measuring a target constituent of an
clectroplating solution using an electroanalytical technique,
the electroplating solution including one or more constitu-
ents that form a by-product that skews an initial electrical
response to an energy 1nput of the electroanalytical technical
for a first time period beyond which such skewing 1is
negligible, the method comprising the steps of:

a) removing an amount of electroplating solution from an
clectroplating reactor;
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b) executing a metal plating and/or stripping electroana-
lytical technique using the electroplating solution
removed 1n Step a, ensuring that a measurement 1s
taken during the electroanalytical technique process
after plating or stripping power has been provided for
a predetermined period of time that extends beyond the
first time period;

c) comparing the measurement taken in Step b with a
calibration curve to determine an amount of the target
constituent 1n the electroplating solution.

18. A method as claimed 1n claim 17 wherein the elec-
troanalytical technique comprises cyclic pulsed voltametric
stripping.

19. A method as claimed 1n claim 17 wherein the elec-
troanalytical technique comprises cyclic voltametric strip-
ping.

20. A method as claimed in claim 17 wherein the elec-
troanalytical technique comprises chronoamperometry.

21. A method as claimed in claim 17 wherein the elec-
troanalytical technique comprises chronopotentiometry.

22. A method as claimed in claim 17 wherein the elec-
troanalytical technique comprises linear sweeps of the
energy input that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

23. A method as claimed in claim 17 wherein the target
constituent comprises a SUpPpressor.

24. A method for measuring a target constituent of an
clectroplating solution using an electroanalytical technique,
the electroplating solution including one or more constitu-
ents that form a by-product that skews an initial plating

and/or stripping response to an energy input of the elec-
troanalytical technique for a first time period beyond which
such skewing 1s negligible, the method comprising the steps

of:

a) removing an amount of electroplating solution from an
clectroplating reactor;

b) executing a metal plating and/or stripping electroana-
lytical technique using the electroplating solution
removed 1n Step a, ensuring that a measurement 1s
taken during the electroanalytical technique after plat-
Ing or stripping power has been provided for a prede-
termined period of time that extends beyond the first
time period;

¢) adding an amount of the target constituent to the
amount of electroplating solution;

d) executing a metal plating and/or stripping electroana-
lytical technique using the electroplating bath of Step c,
ensuring that a measurement 1s taken during the elec-

troanalytical technique after plating or stripping power

has been provided for a predetermined period of time
that extends beyond the period;

¢) repeating Steps ¢ and d as necessary to generate a slope,
or to otherwise gather enough data to answer a logic
criteria;

f) comparing the measurement results obtained during one

or more cycles of Steps ¢ and d to a calibration curve;
and

g) calculating the amount of the target constituent based
on the comparison made 1n Step £ whereby the effect of
the skewing of the initial plating and/or stripping
response caused by the by-product on the calculation 1s
reduced.

25. A method as claimed to claim 24 wherein the elec-
troanalytical technique comprises cyclic pulsed voltammet-
ric stripping.

26. A method as claimed in claim 24 wherein the elec-
troanalytical technique comprises cyclic voltammetric strip-

ping.
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27. A method as claimed 1n claim 24 wherein the elec-
troanalytical technique comprises chronoamperometry.

28. A method as claimed to claim 24 wherein the elec-
troanalytical technique comprises chronopotentiometry.

29. A method as claimed 1n claim 24 wherein the elec-
troanalytical technique comprises lincar sweeps of the
energy 1nput that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

30. A method as claimed 1n claim 24 wherein the target
constituent comprises a SUPPressor.

31. A method for measuring a target constituent of an
electroplating solution using a plating and/or stripping elec-
troanalytical technique, the electroplating solution including
one or more constituents that form a by-product that skews
an 1nitial plating and/or stripping response to an energy input
of the electroanalytical technique for a first time period
beyond with such skewing is negligible, the method com-
prising the steps of:

a) removing an amount of electroplating solution from an

clectroplating reactor;

b) adding an amount of virgin make-up solution of the
clectroplating solution to the amount of electroplating
solution removed 1n Step a;

¢) executing a metal plating and/or stripping electroana-
lytical technique using the electroplating solution
formed 1n Step b, ensuring that a measurement 1s taken
during the electroanalytical technique after plating or
stripping power has been provided for a predetermined
period of time that extends beyond the first time period;

d) adding an amount of the target constituent to the
amount of electroplating solution;

¢) executing a metal plating and/or stripping electroana-
lytical technique using the electroplating solution of
Step d, ensuring that a measurement 1s taken during the
clectroanalytical technique measurement process after
plating or stripping power has been provided for a
predetermined period of time that extends beyond the
first time period;

f) repeating Steps d and e as necessary to generate a slope,
or to otherwise gather enough data to answer a logic
criteria;

g) comparing the measurement results obtained during

one or more cycles of Steps d and e to a calibration
curve; and

h) calculating the amount of the target constituent based
on the comparison made 1n Step ¢ whereby the effect of
the skewing of the imitial plating and/or stripping

response caused by the by-product on the calculation 1s
reduced.

32. A method as claimed 1n claim 31 wherein the elec-
troanalytical technique comprises cyclic pulsed voltammet-
ric stripping.

33. A method as claimed in claim 31, wherein the elec-
troanalytical technique comprises cyclic voltametric strip-
ping.

34. A method as claimed 1n claim 31 wherein the elec-
troanalytical technique comprises chronoamperometry.

35. A method as claimed 1n claim 31 wherein the elec-
troanalytical technique comprises chronopotentiometry.

36. A method as claimed 1n claim 31 wherein the elec-
troanalytical technique comprises linecar sweeps of the
energy 1nput that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

37. A method as claimed 1n claim 31 wherein the target
constituent comprises a sUppressor.

38. A method for measuring a target constituent of an
clectroplating solution using an electroanalytical technique,
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the electroplating solution including one or more constitu-
ents that form a by-product that skews an initial plating
and/or stripping response to an energy input of the elec-
troanalytical technique for a first time period beyond which

such skewing 1s negligible, the method comprising the steps
of:

a) removing an amount of electroplating solution from an
clectroplating reactor;

b) providing an amount of virgin make-up solution;

¢) executing a metal plating and/or stripping electroana-
lytical technique using the virgin make-up solution
formed 1n Step b, ensuring that a measurement is taken
during the electroanalytical technique after plating or
stripping power has been provided for a predetermined
period of time that extends beyond the first time period;

d) adding an amount of the electroplating solution
removed 1n Step b to the virgin make-up solution
formed 1n Step b;

¢) executing a metal plating and/or stripping electroana-
lytical technique measurement process using the elec-
troplating solution of Step d, ensuring that a measure-
ment 1s taken during the electroanalytical technique
measurement process alfter plating or stripping power
has been provided for a predetermined period of time
that extends beyond the first time period;

f) repeating Steps d and € as necessary to generate a slope,
or to otherwise gather enough data to answer a logic
criteria;

g) comparing the measurement results obtained during
one or more cycles of Steps d and e to calibration curve;
and

h) calculating the amount of the target consistent based on
the comparison made in Step g whereby the effect of
the skewing of the initial plating and/or stripping
response caused by the by-product on the calculation 1s
reduced.

39. A method as claimed in claim 38 wherein the elec-
troanalytical technique comprises cyclic pulsed voltammet-
ric stripping.

40. A method as claimed 1n claim 38 wherein the elec-
troanalytical technique comprises cyclic voltammetric strip-
ping.

41. A method as claimed 1n claim 38 wherein the elec-
troanalytical technique comprises chronoamperometry.

42. A method as claimed 1n claim 38 wherein the elec-
troanalytical technique comprises chronopotentiometry.

43. A method as claimed 1n claim 38 wherein the elec-
troanalytical technique comprises linear sweeps of the
energy input that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

44. A method as claimed 1n claim 38 wherein the target
constituent comprises a SUpPpPressor.

45. A method for measuring a target constituent of an
clectroplating solution using an electroanalytical technique,
the electroplating solution including one or more constitu-
ents that form a by-product that skews an initial plating
and/or stripping response to an energy input of the elec-
troanalytical technique for a first time period beyond which
such skewing 1s negligible, the method comprising the steps

of:

a) removing an amount of electroplating solution from an
clectroplating reactor;

b) providing an amount of virgin make-up solution;

c) executing a metal plating and/or stripping electroana-
lytical technique using the virgin make-up solution
formed by Step b;
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d) adding an amount of the electroplating solution
removed 1n Step a to the virein make-up solution
formed 1n Step b;

¢) executing a metal plating and/or stripping electroana-
lytical technique using the electroplating solution of
Step d, ensuring that a measurement 1s taken during the
clectroanalytical technique measurement process after
plating or stripping power has been provided for a
predetermined period of time that extends beyond the
first time period;

f) adding an amount of the target constituent to the
solution formed in Step d;

g) executing a metal plating and/or stripping electroana-
lytical technique using the solution formed 1n of Step 1,
ensuring that a measurement 1s taken during the elec-
troanalytical technique measurement process after plat-
ing or stripping power has been provided for a prede-
termined period of time that extends beyond the first
time period;

h) repeating Steps f and g to generate a measurement
curve;

1) calculating the amount of the target constituent based on
the measurement curve obtained 1n Step h whereby the
cifect of the skewing of the initial plating and/or
stripping response caused by the by-product on the
calculation 1s reduced.

46. A method as claimed in claim 45 wherein the elec-
troanalytical technique comprises cyclic pulsed voltammet-
ric stripping.

47. A method as claimed in claim 45 wherein the elec-
troanalytical technique comprises cyclic voltammetric strip-
ping.

48. A method as claimed in claim 45 wherein the elec-
troanalytical technique comprises chronoamperometry.

49. A method as claimed in claim 45 wherein the elec-
troanalytical technique comprises chronopotentiometry.

50. A method as claimed in claim 45 wherein the elec-
troanalytical technique comprises linear sweeps of the
energy 1nput that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

51. A method as claimed in claim 45 wherein the target
constituent comprises a SUPPressor.

52. A method for measuring a target constituent of an
clectroplating solution using an electroanalytical technique
the electroplating solution including one or more constitu-
ents that form by a by-product that skews an 1nitial plating
and/or stripping response to an energy input of the elec-
troanalytical technique for a first time period beyond which
such skewing 1s negligible, the method comprising the steps

of:

a) removing an amount of electroplating solution from an
clectroplating reactor;

b) providing an amount of virgin make-up solution,;

c) executing an electroanalytical technique measurement
process using the virgin make-up solution formed 1n
Step b;

d) adding an amount of virgin make-up solution to the
amount of electroplating solution removed in Step a;

¢) executing a plating and/or stripping electroanalytical
technique measurement process using the electroplat-
ing solution of Step d, ensuring that a measurement 1s
taken during the electroanalytical technique measure-
ment process alter plating or stripping power has been
provided for a predetermined period of time that
extends beyond the first time period;
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f) calculating the slope of measurements taken in Steps c
and d whereby the effect of the skewing of the 1nitial
plating and/or stripping response caused by the byprod-
uct on the calculation 1s reduced;

g) comparing the measurement results obtained during
Step f to a calibration curve to calculate the amount of
the target constituent.

53. A method as claimed 1n claim 52 wherein the elec-
froanalytical technique comprises cyclic pulsed voltammet-
ric stripping.

54. A method as claimed 1n claim 52 wherein the elec-
troanalytical technique comprises cyclic voltammetric strip-
ping.

55. A method as claimed 1n claim 52 wherein the elec-
troanalytical technique comprises chronoamperometry.

56. A method as claimed 1n claim 52 wherein the elec-
troanalytical technique comprises chronopotentiometry.

57. A method as claimed 1n claim 52 wherein the elec-
troanalytical technique comprises linear sweeps of the
energy 1nput that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

58. A method as claimed 1n claim 52 wherein the target
constituent comprises a suppressor.

59. A method for measuring a target constituent of an
clectroplating solution using an electroanalytical technique,
the electroplating solution comprising one or more
by-products that skew an 1initial electrical response to an
energy 1nput of the electroanalytical technique, the method
comprising:

applying the electroanalytical technique using metal plat-
Ing or stripping parameters that facilitate measurement
taking during a time at which the skewing of the 1nitial
clectrical response 1s negligible;
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taking electroanalytical measurements during the time at
which the skewing of the initial electrical response 1s
negligible;

using the electroanalytical measurements that are taken

during the time at which the skewing of the initial
clectrical response 1s negligible to determine an amount
of the target constituent in the electroplating solution.

60. A method as claimed 1n claim 359 wherein the elec-
troanalytical technique comprises cyclic pulsed voltammet-
ric stripping.

61. A method as claimed 1n claim 59 wherein the elec-
troanalytical technique comprises cyclic voltammetric strip-
ping.

62. A method as claimed 1n claim 59 wherein the elec-
troanalytical technique comprises chronoamperometry.

63. A method as claimed 1n claim 359 wherein the elec-
troanalytical technique comprises chronopotentiometry.

64. A method as claimed 1n claim 359 wherein the elec-
troanalytical technique comprises linear sweeps of the
energy 1nput that are performed at a slow rate and then
calibrated versus concentration of the target constituent.

65. A method as claimed 1n claim 59 wherein the target
constituent comprises a SUPPressor.

66. A method as claimed 1n claim 39 wherein the elec-
troanalytical technique comprises titration.

67. A method as claimed 1n claim 66 wherein the elec-
troplating solution 1s used as the diluent and the target
constituent 1s used as the titrant.

68. A method as claimed in claim 66 wherein a virgin
make-up of the electroplating solution 1s used as the diluent
and the electroplating solution 1s used as the titrant.
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