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NON-REAGENT CHLORIDE ANALYSIS IN ACID COPPER
PLATING BATHS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
63,417,318, filed on October 18, 2022, which is incorporated herein by reference.

BACKGROUND

[0002] The disclosed subject matter relates to analytical chemistry, and more specifically,

to a method and system for non-reagent chloride analysis in acid copper plating baths.

[0003] Acid copper electroplating baths can contain inorganic major components (for
example, copper sulfate, and sulfuric acid) and organic additives whose concentrations must be
controlled in the low parts per million range in order to attain certain desired deposit properties

and morphology.

[0004] In particular, in acid copper electroplating baths, the concentration of chloride ion
(typically in the 20 to 100 mg/L range) can be controlled since chloride ions can be essential to the
functioning of the additive system. A common and widely used method is potentiometric titration,
where the chloride ion is titrated with silver nitrate solution through the reaction Ag (+) + Cl (-)
- AgCl (s). The endpoint can be detected using a silver-ion selective electrode which can be
readily automated. When using this method in an automatic chemical monitoring system, the silver
titrant (e.g., silver nitrate solution) can be purchased and stored in the system. In turn, this requires
periodic replacement or replenishment which leads to manual maintenance with potential process
tool down time and is not desired for high volume manufacturing processes. Additionally, use of

a liquid de-passivator can defeat the objective of not using specialized liquid reagents.

[0005] Accordingly, there is a need for a non-reagent chloride analysis method that does
not require the use of specialized liquid reagents and improves satisfaction of the semiconductor

manufacturing users.
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SUMMARY

[0006] To solve the problem of nuisance and safety raised by liquid reagents in
semiconductor manufacturing environments, the disclosed subject matter provides methods for
chloride analysis in acid copper plating baths without need for specialized liquid reagents such as
commonly used AgNOs; titrant. Embodiments of the disclosed subject matter provide for
generating Ag” in situ by anodic dissolution of a metallic Ag electrode, for example but not limited
to, adding anodic dissolution of Ag electrode into a blend of VMS (Virgin Make-Up Solution) and
DIW (Deionized Water).

[0007] The disclosed matter provides methods for non-reagent chloride analysis in an acid
copper plating bath. An example method includes adding a blend solution including VMS into an
acid copper plating bath including CI", thereby generating an Ag -containing solution; adding the
generated Ag'-containing solution as a silver titrant into an electrolyte including an analysis
sample; and analyzing chloride concentration in the sample, via measuring at least one working

electrode (WE) potential in a predetermined potential range.

[0008] In certain embodiments, the VMS includes at least CuSQ4, H2SO4, or HCIL.

[0009] In certain embodiments, the blend solution further includes DIW.

[0010] In certain embodiments, the concentration of VMS in the blend solution is less than
15% by vol.

[0011] In certain embodiments, the WE is Ag ISE (ion selective electrode).

[0012] Furthermore, the disclosed subject matters provide an electrochemical system for

non-reagent chloride analysis in an acid Cu plating bath.

[0013] In certain embodiments, the system includes an Ag™-containing solution generation
unit, comprising a potentiostat; an Ag’-containing solution generation cell including an acid
copper plating bath; an Ag anode and a cathode, connecting the potentiostat; and a VMS vessel
and a DIW vessel, configured to deliver a blend solution of VMS and DIW into the Ag™-containing

solution generation cell.

[0014] The system can further include a titration unit, including: a titrator, a titration cell
containing an Ag ISE and a stirrer, connecting the titrator and the titration cell, a sample vessel

and a DIW vessel, configured to deliver a sample solution into the titration cell, and
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[0015] a pump delivering the Ag™-containing solution to the titration cell.

[0016] In certain embodiments, the Ag anode is a silver metal wire or rod.

[0017] In certain embodiments, the cathode is a platinum wire or stainless-steel rod.
[0018] In certain embodiments, the system further includes a computing device having a

memory element with a stored algorithm for: delivering VMS at a predetermined concentration
into the Ag'-containing the solution generation cell to produce an Ag’-containing solution,
delivering Ag™-containing solution at a constant predetermined flow rate from Ag -containing
solution generation cell into the titration cell, scanning the potential of the Ag ISE relative to a
reference electrode (RE) at a predetermined positive potential limit at a predetermined potential

scan rate, and measuring chloride concentration in the sample.

[0019] In certain embodiments, the titration cell connects to a drain downstream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The application file contains at least one drawing executed in color. Copies of this
publication with color drawing(s) will be provided by the Office upon request and payment of the
necessary fee. Reference will now be made in detail to the various exemplary embodiments of
the disclosed subject matter, which are illustrated in the accompanying drawings. The
accompanying drawings, where like reference numerals refer to identical or functionally
similar elements throughout the separate views, serve to further illustrate various embodiments
and to explain various principles and advantages all in accordance with the disclosed subject

matter.

[0021] Fig. 1 provides an image showing an exemplary setup of hardware used in an

embodiment of the disclosed subject matter.

[0022] Fig. 2A shows an overlay of three different titrations of low Cu standards with

differing chloride concentrations, plotting potential versus total volume of titrant added.

[0023] Fig. 2B shows the derivatives of the curves in Fig. 2A, plotting the change in

potential (i.e., slope) versus volume of titrant added.
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[0024] Fig. 2C shows a plot of the potential (left vertical axis) and current (right vertical

axis) of anodic dissolution of Ag over time.

[0025] Fig. 3A shows an overlay of three different tiraticns with differing chionde
concentrations {from U 1o 130 ppm CI7), plotting potential versus total volume of titrant added in
the compared example.

[0026] Fig. 3B shows the derivatives of the curves in Fig. 3A, plotting the change in
potential (t.e., siope} versus volume of tiirant added.

[0027] Fig 3C shows the derivanves of the curves in Fig. 3A, smoothly plotting the change
i potential {1 e, smoothed stope) versus volume of fitrant added.

[0028] Fig. 3D shows a plot of Ag discharge with anode passivation eventually occurring

in the compared example.

[0029] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and are intended to provide further explanation

of the disclosed subject matter.

DETAILED DESCRIPTION

[0030] The disclosed subject matter provides techniques of using VMS blend solution to
generate an Ag” titrant in an acid copper solution, which can be applied over a variety of industry
fields, like analyzing, monitoring, measuring, or determining CI° concentration in Cl-

containing solutions.

[0031] The terms used in this specification generally have their ordinary meanings in the
art, within the context of this disclosure and in the specific context where each term is used. Certain
terms are discussed below, or elsewhere in the specification, to provide additional guidance to the
practitioner in describing the compositions and methods of the disclosed subject matter and how

to make and use them.

[0032] For purposes of interpreting this specification, the following definitions will apply

and whenever appropriate, terms used in the singular will also include the plural and vice versa.

[0033] As used herein, the term “about” or “approximately” means within an acceptable

error range for the particular value as determined by one of ordinary skill in the art, which will
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depend in part on how the value is measured or determined, i.e., the limitations of the measurement
system. For example, “about” can mean within 3 or more than 3 standard deviations, per the
practice in the art. Alternatively, “about” can mean a range of up to 20%, up to 10%, up to 5%,
and up to 1% of a given value. Alternatively, e.g., with respect to biological systems or processes,

the term can mean within an order of magnitude, within 5-fold, and within 2-fold, of a value.

[0034] As used herein, the term “electrode potential,” or simply “potential,” refers to the
voltage occurring across a single electrode-electrolyte interface. In practice, the electrode potential
often includes an appreciable resistive voltage drop in the electrolyte, which typically remains

constant and does not affect voltametric analysis results obtained under the same conditions.

EAINA3

[0035] As used herein, the terms “electroplating,” “plating,” and “electrodeposition” refer
to copper electrodeposition and are equivalent. A “plating bath” is employed for practical copper
plating and contains organic additives whose concentrations are controlled within ranges, whereas
the corresponding “supporting electrolyte” typically has substantially the same inorganic
composition, not including chloride ion, as the plating bath but no organic additives. A
“background electrolyte” comprises a supporting electrolyte containing one or more organic

additives at predetermined concentrations. The concentration of chloride ion in a supporting

electrolyte or a background electrolyte may be varied.

[0036] As used herein, the term “acid copper electroplating bath” or “acid copper plating
bath” refers to a solution used in electroplating processes to deposit a layer of copper onto a
substrate through an electrochemical process. This type of electroplating is commonly used to
enhance the substrate's properties, provide a decorative finish, or improve its conductivity. The
composition of an acid copper electroplating bath can vary depending on the specific application,
but here are the typical components found in such a bath: copper salt, sulfuric acid, and additives.

In practice, mostly this bath solution includes chloride or CI".

[0037] As used herein, the term “VMS” refers to Virgin Make-Up Solution. In analytical
chemistry and laboratory practices, a "make-up solution" refers to a solution that is prepared to
dilute or adjust the concentration of a sample or a reagent. "Virgin Make-Up Solution" likely refers
to a freshly prepared or unused solution used to create specific concentrations for calibration,
standardization, or sample preparation in experiments. These solutions are often prepared using

high-purity chemicals and solvents to minimize any potential contamination.



WO 2024/086059 PCT/US2023/035066

[0038] As used herein, the term “ion-selective electrode (ISE)” refers to a type of electrode
that responds selectively to a specific ion in a solution. It measures the activity or concentration of
that particular ion in the solution. ISEs are commonly used in analytical chemistry and various
fields where accurate ion concentration measurements are essential, such as environmental
monitoring, medical diagnostics, and industrial processes. One example of an ion-selective
electrode is the Ag ISE in the present disclosure. In the Ag ISE, the electrode responds selectively
to chloride ions (Cl) in the solution. The potential of the electrode is determined by the

concentration of chloride ions in the solution.

[0039] As used herein, the term “coulometric titration” refers to a specialized type of
titration in analytical chemistry that relies on the quantitative measurement of electric charge to
determine the amount of substance in a sample. This technique is particularly useful when dealing
with substances that cannot be easily detected using traditional visual indicators, as it involves the
direct measurement of electrical current. In traditional titrations, a solution of known concentration
(titrant) is added incrementally to a solution of analyte until a chemical reaction is complete. The
endpoint of the reaction is often detected using indicators that change color. In contrast, in
coulometric titration, the endpoint is determined based on the amount of electrical charge required

to complete a chemical reaction.

[0040] Ranges provided herein are understood to be shorthand for all of the values within
the range. For example, a range of 1 to 50 is understood to include any number, combination of
numbers, or sub-range from the group consisting of 1, 2,3, 4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43, 44, 45, 46, 47, 48, 49, or 50 as well as all intervening decimal values between the
aforementioned integers such as, for example, 1.1, 1.2,1.3,1.4,1.5,1.6, 1.7, 1.8, and 1.9. Ranges
disclosed herein, for example, “between about X and about Y” are, unless specified otherwise,
inclusive of range limits about X and about Y as well as X and Y. With respect to sub-ranges,
“nested sub-ranges” that extend from either endpoint of the range are specifically
contemplated. For example, a nested sub-range of an exemplary range of 1 to 50 can include
1to 10, 1t020, 1to 30, and 1 to 40 in one direction, or 50 to 40, 50 to 30, 50 to 20, and 50 to

10 in the other direction.
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[0041] As used herein, the term “predetermined concentration” as used herein refers to

a known, target, standard or optimum concentration of a component in a solution.

[0042] As used herein, the term “selective” or “selectively” refers to, for example, the
particular monitoring, measurement, or determination of a characteristic of a specific or
particular component. For example, the selective measurement of an ion refers to the
measurement of one particular or predetermined target ion from a plurality of the ions present

in solution.

[0043] As used herein, the term “accurate” or “accurately” refers to, for example, a
measurement or determination that is relatively close to or near an existing or true value,
standard, or known measurement or value. In certain embodiments, the measurement or
determination accuracy error is less than £0.30%, having a standard deviation less than 0.02, and/or

a residual standard deviation (RSD) less than 2%.

[0044] As used herein, the term “processing solution” refers to a chemical solution which
is used to analyze the concentration of a substance in the solution by reacting it with a known
amount of a standard solution. Processing solutions are used in several industries, including
electro/electroless plating, metallurgical, chemical, pharmaceutical, and other industries in which

measuring, monitoring and control of an analyte is needed.

[0045] As used herein, the term “titrant” refers to a standard solution comprising a known
concentration of a reagent that chemically reacts with a “reactant” or “unknown species” whose
concentration in a sample solution is to be determined. A “titration” is an analytical procedure
involving repeated standard addition of a known volume of a titrant solution to an analysis solution
(comprising the sample solution), coupled with monitoring the concentration of an indicator
species, which participates in the reaction between the titrant and the reactant, or is indirectly

affected by this reaction.

[0046] As used herein, the term “equivalence point” refers to the point in a titration at
which the reaction between the titrant and the reactant is complete, corresponding to a
stoichiometric balance between the number of moles of the titrant and the number of moles of the

reactant with respect to formation of a compound or complex.



WO 2024/086059 PCT/US2023/035066

[0047] As used herein, the term “titration endpoint” refers to a relatively rapid change in
the concentration of the indicator species as additional titrant is added to the analysis solution after
the equivalence point has been reached. The concentration of the unknown species in the sample
solution can be calculated from the volume of titrant solution added to the analysis solution at the

equivalence point (approximately equivalent to the endpoint).

[0048] As used herein, the term “titration curve” refers to a plot of the concentration of a
titration indicator species in an analysis solution, or a parameter proportional to this concentration,
as a function of the volume of titrant solution added to the analysis solution. It can be more
convenient to utilize a concentration parameter that is proportional to the concentration of the
indicator species, especially when the indicator species participates in a complexation reaction
involving competing complexing agents. The endpoint for the titration can be determined from a
curve feature corresponding to a rapid change in the concentration of the indicator species, such
as a curve knee or inflection point. Detection of the titration endpoint can be facilitated by
differentiating the titration curve, which converts an inflection point into a peak. Titration data can
be handled as titration curves or plots, but such data can be tabulated and used directly, e.g., by a

computer, and the term “titration curve” includes tabulated data.

[0049] As used herein, the term “potentiostat” refers to an electronic device for controlling
the potential of a WE by passing current between the WE and a counter electrode so as to drive
the WE to a desired potential relative to a reference electrode. Use of a potentiostat avoids passing
appreciable current through the reference electrode, which can change its potential. Operation in
the multiple mode may also reduce errors in the electrode potential associated with the resistive

voltage drop in the electrolyte.

[0050] The present disclosure provides a method and a system for determining the
concentration of chloride ion in an acid copper plating bath sample. The embodiments of the
present disclosure are suitable for analysis of acid copper plating baths comprising anions selected
from the group conmsisting of Cu®", CI', sulfate, fluoroborate, sulfamate, alkyl sulfonate, and

mixtures thereof.

[0051] In the acid copper plating baths of exemplary embodiments, chloride ion (C1™) is
typically present at very low concentration in the range from 20 to 100 mg/L (ppm) so that

electrochemical oxidation of chloride ion generally occurs under some degree of diffusion control.
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The conventional Cl™ analysis method implements a potentiometric titration, typically using Ag”
(e.g., AgNOs) as titrant and Ag ISE (ion selective electrode) for end point detection, under the
following chemical reaction equation: Ag™ + CI- = AgCl (s), wherein at equivalent point, Cl" in
sample equals to Ag™ titrant added. Such a direct coulometric titration of chloride in a sample
where silver ion is generated insitu from silver anode did not work properly due to anode
passivation. For example, the anode is covered with a film of silver chloride solid, and cannot

perform the analysis sustainably.

[0052] The objective of the present disclosure is to develop methods and systems for
chloride analysis without the need for an external and specialized liquid reagent, such as commonly
used AgNO:s titrant to avoid liquid nuisance and safety concerns in semiconductor manufacturing

environment.

[0053] In an embodiment, an exemplary non-reagent method for chloride analysis in acid
copper plating baths is provided. The method includes adding a blend solution including VMS into
an acid Cu plating bath including CI", thereby generating a solution, adding the generated solution
as a silver titrant into an electrolyte including an analysis sample, measuring chloride quantitation
for at least one WE potential in a predetermined potential range, where the chloride quantitation

can include a measurement of the chloride concentration in the sample.

[0054] Optionally, in some embodiments, VMS may include at least CuSQO4, H2SO4, or
HCI. The blend solution may further comprise DIW. The concentration of VMS in the blend
solution is at a predetermined concentration, for example, but not limiting to, less than 15% by
vol. The concentration of Cl” in the plating bath is at a predetermined concentration, for example,

but not limiting to, 20-100ppm. The WE may be an Ag ISE.

[0055] The present disclosure further provides an electrochemical system for automated
application of the above measurement method for non-reagent chloride in acid Cu plating bath.
The apparatus comprises a computing device that is interfaced with suitable electronic and
mechanical equipment, and includes a memory element with a stored algorithm operative to affect
the method. The stored algorithm may also be operative to apply the calibration of the above
measurement method. The computing device may comprise a computer with integrated
components, or may comprise separate components, such as a microprocessor and a memory

device that includes the memory element, for example. The memory element may be of any
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suitable type, including computer hard drive, microprocessor chip, read-only memory (ROM) chip,
programmable read-only memory (PROM) chip, magnetic storage device, computer disk (CD) and
digital video disk (DVD), for example.

[0056] The stored algorithm of the electrochemical system of the present disclosure may
also be operative to apply a measurement, comprising but not limiting to, generating a standard
curve by repeating the flowing the plating bath sample, scanning the potential of the WE and
measuring current for a plurality of chloride standard solutions comprising a background
electrolyte of the plating bath sample with different known concentrations of chloride ion, and
comparing the chloride current parameter provided in the measuring with the standard curve to

determine the concentration of chloride ion in the plating bath sample.

[0057] Suitable electrochemical analysis systems, computing devices, memory elements,
and interfaces for use in the embodiment are well known to those skilled in the art. In some
embodiments, the electrochemical analysis system of the apparatus of the invention further
includes a pump and suitable plumbing for flowing the plating bath sample over the surface of a

stationary WE at a constant flow rate, and/or delivering the sample to different cells as needed.

[0058] FIG. 1 shows a schematic representation of an exemplary electrochemical system
100 of the embodiment, which has two units, an Ag -containing generation unit and a titration
unit. In the Ag™-containing solution generation unit, an electronic potentiostat 101 is used to
control the potential of a WE (cathode 110) by passing current between it and a counter electrode
(CE) (Ag anode 108) so as to drive it to a desired potential. These electrodes are immersed in an
acid Cu plating bath solution contained in Ag*-containing solution generation cell 102. The plating
bath solution in the Ag'-containing solution generation cell 102 can include Cu?*, Cl", and sulfate,
etc. However, the embodiment may be practiced using any other suitable device for controlling
the potential of the WE. The tip of the RE, or an extension thereof, can be located as close as
practical to the WE so as to minimize errors in the WE potential associated with solution resistance.
Certain commercial potentiostats include a current follower device (not shown) to avoid errors in

the potential of the WE associated with the resistance of the current measuring device.

[0059] As depicted in FIG. 1, the electrochemical system 100 further comprises a DIW
vessel 103 and a VMS vessel 105, which are configured to deliver the blend of VMS and DIW

into the Ag’-containing solution generation cell 102 via a motor mechanism, e.g., a pump.

10
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Additionally, a drain 104 can be downstream mounted on the Ag”-containing solution generation

cell 102.

[0060] To wimplersent a non-reagent chloride analysis i a sample, the electrochemical
system further includes a titration unit. In the titration unit, a titrator 201 is used to titrate Ag™ in a
sample solution. Similar, g titration cell 202 is setup to have an Ag ISE 208 and a stirrer 2100 A
sample selution in a sample vessel 205 can be delivered to the elecirolyie in the titration cell 202,
via pumps. Between the Ag™-containing solution generation cell 102 and titration cell 202, there
13 a pump 106 to deliver the resulting Ag -containing solution which can 1o privciple be used to
titrate the chioride in the sample solution, as anv commercially available silver sclution can, like,
for example, an external silver mitrate reagent. Since both copper and silver 1ons can be reduced
and deposited to the cathode during the dissolution process, reaction parameters were optinnzed
to masimize the sibver ion concentration and the dissolution efficiency, mcluding but not hmited

to electrolysis current, potential, time, YMS percentage, eic.

16061} The composition of acid copper electroplating baths varies significantly depending
on the type of bath and the supplier. For example, gh-acid baths typically contain 30-60 g/L
copper {as in copper sulfate), 60-240 ¢/L suifuric acid and 25-100 ppm chioride ion. Low-acid
baths typically contain 0.5-60 g/L copper (a5 1n copper sulfate, 1-15 g/U sulfuric acid and 25-100
ppm chlonde jon. Acid copper plating bath additives are geserally proprietary formulations
supphied 11 the form of solutions that may contain more than one additive species or combination
of additives. The chemical nature and concentrations of the additive apecies may be changed from

time 10 time by the supplier without notice.
Example

[0062] The efficacy of the present disclosure for determining the concentration of chionde
ion in an acid copper bath sample was demonstrated for the Low Acid Viaform™ (Enthone, Inc.}
acid copper sulfate platng bath. The supporting electrolyte contains low Cu chenustry {eg., S/l
Cu™ — 10 /L HoSCy — 50 ppm CI). The background electrolvte comprised the supporting
electrolyte with a suppressor, accelerator (anu-suppressory, and leveler addittves at the
concentrations recommended by the bath suppher. Voliametric measuremenis were made under
potentiostatic conirel using a Qualilab QL-10® plating bath analyrer (ECI Techunolopy,

Inc . Dunng measurements, the solution temperature was controlled at 25°C, withun +0.1°C

11
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{4363] in the example, a blend of VMS with DWW {(VMS /W ratio. 6.1 - 0.2, e g, VMS
&ml and DIW 44ml) is added into an Ag -containing solution gencration cell to gencrate Ag'-
containing solution. During the generation process, over the Ag anode susface in the titration cell,
silver metal is oxidized and thus dissolved to the electrolyte, (Ag(s) + e- > Ag"). Corresponding
to the above chemical reaction equation, the acid copper sulfate plating bath (25°C) i the Ag™-
containing solution generation cell results in Ag -containing solution, which is used 1o titrate the
chloride in a sarople solutton (3-10 mbL) The sample solution in the titration cell {25°Chin different
smbodiments contains the expecied three low (30 ppm), target (30 ppm) and high (70 ppmy}
chioride concentrations. For the following titration, the generated Ag'-containing sclution as a
dtrant in the titration cell continnously provides susiaivable Ag anocde usage with low ool
maintenance and elinunates the need for an external reagent. Additionally, crcuraventing the need
for a reagent eliminates the related manual maintenance and replenishment The endpoint in the
exampie ts detected via scanning the potential of the Ag ISE. At that point, the amount of Cl i

the sample equals 10 the amount of Ag' delivered by the titrant added.

[0064] Fig. 2A shows an overlay of three dufferent titrations of low Cu standards with
differing chloride concentrations, plotting potential versus total volume of utrant added. Fig 2B
shows the derivatives of the curves in Iig. 24, plotting the change 1o potential (1.2, slope) versus
volume of tirant added. Fig. 2C shows a plot of the potential (left vertical axis) and current

(right vertical axis) of anodic dissolution of Ag over time.

[0065] Table 1 shows the titration metrics of the three expected concentrations.
Table 1
Low Target High
Average Vend (mL) 1.7685 2.9645 41365
Expected C1 (ppm) 30 50 70
Calculated Cl (ppm) 2993 50.14 69.93
Error -0.22% 0.27% -0.10%
RSD 1.63% 0.17% 1.93%
[B066] [ustrated in Fig. 2A-2C and Table 1, the non-reagent titration measurement of

chloride of the present disclosure demonstrates a strong endpoint inflection, an efficient silver

12
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dissolution in the sample without 3 negative impact, and more accurate measurement daia with

tess error and RS

[0067] In contrast, a compared example, known in the art, 1s conducted usng a direct
coutometric titration of chleride in the sample solution where silver ion is generated insitu from
the silver anode and does not work properly due to anode passivation, without the usage of VMS.
Instead, a potentiometric titration uses Ag” (e.g., AgNQ3) as an external titrant and an Ag ISE for

end point detection.

[0068] Fig. 3A-3D illustrate the resultant curves of the compared example without the
usage of VMS. Fig. 3A shows an overlay of three different titrations with differing chionde
concerrations (tfrom O 10 150 ppm CF), plotting potendial versus total volume of titrant added in
the compared example. Fig. 3B shows the denvatives of the curves in Fig. 34, plolting the change
in potential (e, slope) versus volume of titrant added. Fig. 3C shows the dentvatives of the curves
i Fig 3A, smoothly plotting the change wo poiential {1.¢, smoothed stope) versus volume of titrant
added. Fig. 3D shows a plot of Ag discharge with anode passivation eventually occurring in the

compared example.

[0069] Unlike the non-reagent titration using VMS in the present disclosure, such a direct
titration using external titrant results in a noisy titration curve with weak end point inflection (as
shown in Fig. 3A), an inaccurate end point detection without post data processing (as shown in
Fig. 3B and Fig. 3C), an insufficient inflection for samples with low level of chloride (e.g., 25
ppm), a noisy data plot of Ag discharge with anode passivation eventually leading to failure (as
shown in Fig. 3D). Various modifications and alterations to the described embodiments will be
apparent to those skilled in the art in view of the teachings herein. Accordingly, the disclosure
herein is intended to be illustrative, but not limiting, of the scope of the disclosed subject matter.
Moreover, the principles of the disclosed subject matter can be implemented in various
configurations and are not intended to be limited in any way to the specific embodiments presented

herein.

[0070] In addition to the various embodiments depicted and claimed, the disclosed subject
matter is also directed to other embodiments having other combinations of the features disclosed
and claimed herein. As such, the particular features presented herein can be combined with each

other in other manners within the scope of the disclosed subject matter such that the disclosed

13
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subject matter includes any suitable combination of the features disclosed herein. The foregoing
description of specific embodiments of the disclosed subject matter has been presented for purposes
of illustration and description. It is not intended to be exhaustive or to limit the disclosed subject

matter to those embodiments disclosed.
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WHAT WE CLAIM IS:

I

A method for non-reagent chloride analysis in an acid copper plating bath, comprising:

a). adding a blend solution including VMS (Virgin Makeup Solution) into an acid copper

plating bath including CI", thereby generating an Ag*-containing solution;

b). adding the generated Ag™-containing solution as a silver titrant into an electrolyte

including an analysis sample; and

¢). analyzing the chloride concentration in the sample, via measuring at least one working

electrode (WE) potential in a predetermined potential range.

2.

3.

The method of claim 1, wherein the VMS includes at least CuSOa4, H2SO4, and/or HCI.

The method of claim 1, wherein the blend solution further comprises DIW (Deionized

Water).

The method of claim 1, wherein the concentration of VMS in the blend solution is less than

15% by volume.
The method of claim 1, wherein the WE is an Ag (ISE).

An electrochemical system for non-reagent chloride analysis in acid Cu plating bath,

comprising:

an Ag*-containing solution generation unit, comprising:
a potentiostat;
an Ag'-containing solution generation cell including an acid copper plating bath;
an Ag anode and a cathode, connecting the potentiostat; and

a VMS vessel and a DIW vessel, configured to deliver a blend solution of VMS

and DIW into the Ag"-containing solution generation cell,
a titration unit, comprising:
a titrator,

a titration cell containing an Ag ISE (ion selective electrode) and a stirrer,

connecting the titrator and the titration cell, and

15
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a sample vessel and a DIW vessel, configured to deliver a sample solution into

the titration cell,
and

a pump delivering the Ag'-containing solution from the Ag'-containing solution

generation cell to the titration cell.
7. The system of claim 6, wherein the Ag anode is a silver metal wire or rod.
8. The system of claim 6, wherein the cathode is a platinum wire or stainless-steel rod.

9. The system of claim 6, wherein the system further comprises a computing device having a

memory element with a stored algorithm operative for

delivering VMS at a predetermined concentration into the Ag*-containing solution

generation cell to produce the Ag’-containing solution,

delivering the Ag"-containing solution at a constant predetermined flow rate from the

Ag -containing generation cell into the titration cell,

scanning the potential of the Ag ISE electrode relative to a reference electrode () at a

predetermined positive potential limit at a predetermined potential scan rate, and
measuring the chloride concentration in the sample.

10. The system of claim 6, wherein the titration cell connects a drain downstream.
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