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CO/CU SELECTIVE WET ETCHANT
BACKGROUND
[0001] Field
[0002] The disclosed and claimed subject relates to wet etchants. In particular, the disclosed
and claimed subject matter relates to wet etchants exhibiting high copper and cobalt etching rates
where the etching rate ratio between the two metals can be varied.
[0003] Related Art
[0004] Co/Cu composite interconnect systems are widely applicated in BEOL for advanced
IC device owing to their good EM and TDDB (time dependent dielectric breakdown) reliability. For
the next advance technology device, Cu and Co recesses become more important for fully self-aligned
via design. However, conventional high rate copper wet etchants cannot simultaneously achieve high
cobalt etching rates due to (i) the difference of chemical properties of copper and cobalt and (ii) the
galvanic corrosion effect between the two metals.
[0005] For example, it has been described (see Journal of Applied Electrochemistry, 33: 403—
10 (2003)) that a monoethanolamine based formulation including cupric chloride dihydrate can give a
high copper etching rate. Although conventional wet etchants of copper provide high etch rates at
high pH values, the cobalt etching rate is very low at high pH due to the formation of an inert Co(OH)2
layer on the cobalt surface.
SUMMARY
[0006] This summary section does not specify every embodiment and/or incrementally novel
aspect of the disclosed and claimed subject matter. Instead, this summary only provides a preliminary
discussion of different embodiments and corresponding points of novelty over conventional
techniques and the known art. For additional details and/or possible perspectives of the disclosed and
claimed subject matter and embodiments, the reader is directed to the Detailed Description section and
corresponding figures of the disclosure as further discussed below.
[0007] The order of discussion of the different steps described herein has been presented for
clarity sake. In general, the steps disclosed herein can be performed in any suitable order. Additionally,
although each of the different features, techniques, configurations, etc. disclosed herein may be
discussed in different places of this disclosure, it is intended that each of the concepts can be executed
independently of each other or in combination with each other as appropriate. Accordingly, the
disclosed and claimed subject matter can be embodied and viewed in many different ways.
[0008] The disclosed and claimed subject matter is directed to novel chemical formulations which

can remove both copper and cobalt at high etching rates (> S0A/minute when copper and cobalt are coupled)
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which also overcame the chemical properties differences and galvanic corrosion effects between the two
metals. In a further aspect, the novel formulations exhibit superior etching selectivity of Cu and Co in the
range of about 1 to 1.
[0009] The disclosed and claimed chemical formulations include:

(i) at least one alkanolamine having at least two carbon atoms, at least one amino
substituent and at least one hydroxyl substituent, where the amino and hydroxyl substituents are

attached to two different carbon atoms, preferably of formula (I):

HO R
\/\N/
|

RZ

1

M
wherein each of R' and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched C3-Cs alkyl and a C1-Cs alkylamino;

(ii) at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12;

(iii) at least one chelating agent; and

(iv) water.
In a further aspect of this embodiment, the disclosed and claimed chemical formulations consist
essentially of (i), (ii), (iii) and (iv). In yet a further aspect of this embodiment, the disclosed and
claimed chemical formulations consist of (1), (ii), (iii) and (iv).
[0010] In another embodiment, the disclosed and claimed chemical formulations include (i),
(i1), (iii), (iv) described above and further include (v) at least one water miscible solvent. In a further
aspect of this embodiment, the disclosed and claimed chemical formulations consist essentially of (i),
(i1), (iii), (iv) and (v). In yet a further aspect of this embodiment, the disclosed and claimed chemical
formulations consist of (1), (ii), (iii), (iv) and (v).
[0011] In another embodiment, the disclosed and claimed chemical formulations include (i),
(ii), (iii), and (iv) described above and further include (vi) at least one wettability adjusting material
(e.g., a surfactant) to improve roughness performance. In a further aspect of this embodiment, the
disclosed and claimed chemical formulations consist essentially of (i), (ii), (iii), (iv) and (vi). Inyeta
further aspect of this embodiment, the disclosed and claimed chemical formulations consist of (i), (ii),
(iii), (iv) and (vi).
[0012] In another embodiment, the disclosed and claimed chemical formulations include (i), (i),

(ii1), (iv), (v) and (vi). In a further aspect of this embodiment, the disclosed and claimed chemical
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formulations consist essentially of (i), (ii), (iii), (iv), (v) and (vi). In yet a further aspect of this
embodiment, the disclosed and claimed chemical formulations consist of (i), (i), (iii), (iv), (v) and (vi).
[0013] In a further aspect, the at least one water miscible solvent (v) includes at least two water
miscible solvents.

[0014] In one embodiment, the formulation includes the alkanolamine of formula (I) where
one or both of R! and R? is H.

[0015] In one embodiment, the formulation includes the alkanolamine of formula (I) where
both R! and R?is H:

HO
\/\NHZ

[0016] In one embodiment, the formulation includes the alkanolamine of formula (I) where

one of R! and R? is H and the other of R! and R?is a -CH3 group:
HO CH,
\/\N/
H .

[0017] In one embodiment, the formulation includes the alkanolamine of formula (I) where one

of R! and R? is H and the other of R! and R? is a substituted C1-Cs alkyl of the formula ~CH2CH2OH:

HO\/\N/\/OH

H

[0018] In one embodiment, the formulation includes the alkanolamine of formula (I) where

both R! and R? is a substituted C1-Cs alkyl of the formula -CH2CH20H:

HO\/\N/\/ o

H

[0019] In one embodiment, the formulation includes the alkanolamine of formula (I) where one

of R! and R? is H and the other of R! and R? is a substituted C1-Cs alkyl of the formula ~CH>CH>NH>:

HO CH,CH,NH
N~ N\ 7
H

[0020] The disclosed and claimed subject matter is further directed to the use and synthesis of

the disclosed and claimed chemical formulations.
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[0021] The disclosed and claimed subject matter is further directed to a method for testing the
Cu and Co etching rate of an etching formulation (described herein as a “coupled”) which simulates
the galvanic corrosion effect of a device wafer. A coupled test is illustrated in FIG. 1.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The accompanying drawings, which are included to provide a further understanding of
the disclosed subject matter and are incorporated in and constitute a part of this specification, illustrate
embodiments of the disclosed subject matter and together with the description serve to explain the

principles of the disclosed subject matter. In the drawings:

[0023] FIG. 1 illustrates a coupled beaker test for testing the Cu and Co etching rate;
[0024] FIG. 2 graphically illustrates coupled Co/Cu etching rates for several alkanolamines;
[0025] FIG. 3 graphically illustrates the effect on coupled etching rate due to adding a pH

adjuster (Ex. 2) compared to a solution without a pH adjuster (Ex. 1);

[0026] FIG. 4 graphically illustrates the effect on etching rate due to adding a chelating agent
on Cu and Co selectivity;

[0027] FIG. 5 graphically illustrates the effect on etching rate due to the addition of a solvent
capable of changing surface wettability;

[0028] FIG 6 graphically illustrates the effect on etching rate due to the addition of a surfactant
in Ex. 13 and Ex. 16; and

[0029] FIG. 7 illustrates the AFM surface roughness analysis for Ex. 13 and Ex. 16 on copper.
DEFINITIONS
[0030] Unless otherwise stated, the following terms used in the specification and claims shall

have the following meanings for this application.

[P 13
a

[0031] In this application, the use of the singular includes the plural, and the words an” and
“the” mean “at least one” unless specifically stated otherwise. Furthermore, the use of the term “including,”
as well as other forms such as “includes” and “included,” is not limiting. Also, terms such as “element” or
“component” encompass both elements or components including one unit and elements or components that
include more than one unit, unless specifically stated otherwise. As used herein, the conjunction “and” is
intended to be inclusive and the conjunction “or” is not intended to be exclusive, unless otherwise indicated.
For example, the phrase “or, alternatively” is intended to be exclusive. As used herein, the term “and/or”
refers to any combination of the foregoing elements including using a single element.

[0032] The term “about” or “approximately,” when used in connection with a measurable

numerical variable, refers to the indicated value of the variable and to all values of the variable that

are within the experimental error of the indicated value (e.g., within the 95% confidence limit for the
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mean) or within percentage of the indicated value (e.g., £ 10%, + 5%), whichever is greater.

[0033] As used herein, “Cxy” designates the number of carbon atoms in a chain. For example,
C16 alkyl refers to an alkyl chain having a chain of between 1 and 6 carbons (e.g., methyl, ethyl, propyl,
butyl, pentyl and hexyl). Unless specifically stated otherwise, the chain can be linear or branched.
[0034] Unless otherwise indicated, “alkyl” refers to hydrocarbon groups which can be linear,
branched (e.g., methyl, ethyl, propyl, isopropyl, tert-butyl and the like), cyclic (e.g., cyclohexyl,
cyclopropyl, cyclopentyl and the like) or multicyclic (e.g., norbornyl, adamantly and the like).
Suitable acyclic groups can be methyl, ethyl, n-or iso-propyl, n-,iso, or tert-butyl, linear or branched
pentyl, hexyl, heptyl, octyl, decyl, dodecyl, tetradecyl and hexadecyl. Unless otherwise stated, alkyl
refers to 1-10 carbon atom moieties. These alkyl moieties may be substituted or unsubstituted.

[0035] “Halogenated alkyl” refers to a linear, cyclic or branched saturated alkyl group as
defined above in which one or more of the hydrogens has been replaced by a halogen (e.g., F, Cl, Br
and I). Thus, for example, a fluorinated alkyl (a.k.a. “fluoroalkyl”) refers to a linear, cyclic or branched
saturated alkyl group as defined above in which one or more of the hydrogens has been replaced by
fluorine  (e.g., trifluoromethyl,  pefluoroethyl, 2,2 2-trifluoroethyl,  prefluoroisopropyl,
perfluorocyclohexyl and the like). Such haloalkyl moieties (e.g., fluoroalkyl moieties), if not
perhalogenated/multihalogentated, may be unsubstituted or further substituted.

[0036] “Alkoxy” (ak.a. “alkyloxy”) refers to an alkyl group as defined above which is attached
through an oxy (-O-) moiety (e.g., methoxy, ethoxy, propoxy, butoxy, 1,2-isopropoxy, cyclopentyloxy,
cyclohexyloxy and the like). These alkoxy moieties may be substituted or unsubstituted.

[0037] “Alkyl carbonyl” refers to an alkyl group as defined above which is attached through a
carbonyl group (-C(=0-)) moiety (e.g., methylcarbonyl, ethylcarbonyl, propylcarbonyl, buttylcarbonyl,
cyclopentylcarbonyl and the like). These alkyl carbonyl moieties may be substituted or unsubstituted.

[0038] “Halo” or “halide” refers to a halogen (e.g., F, Cl, Br and I).
[0039] “Hydroxy” (a.k.a. “hydroxyl”) refers to an —OH group.
[0040] Unless otherwise indicated, the term “substituted” when referring to an alkyl, alkoxy,

fluorinated alkyl and the like refers to one of these moieties which also contains one or more
substituents including, but not limited, to the following substituents: alkyl, substituted alkyl,
unsubstituted aryl, substituted aryl, alkyloxy, alkylaryl, haloalkyl, halide, hydroxy, amino and amino
alkyl. Similarly, the term “unsubstituted” refers to these same moieties where no substituents apart
from hydrogen are present.

[0041] As used herein, and unless otherwise specified, the term “aromatic” refers to

unsaturated cyclic hydrocarbons having a delocalized conjugated 7 system and having from 4 to 20
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carbon atoms (aromatic C4-Czo hydrocarbon). Exemplary aromatics include, but are not limited to
benzene, toluene, xylenes, mesitylene, ethylbenzenes, cumene, naphthalene, methylnaphthalene,
dimethylnaphthalenes, ethylnaphthalenes, acenaphthalene, anthracene, phenanthrene, tetraphene,
naphthacene, benzanthracenes, fluoranthrene, pyrene, chrysene, triphenylene, and the like, and
combinations thereof. The aromatic may optionally be substituted, e.g., with one or more alkyl group,
alkoxy group, halogen, efc. For example, the aromatic may include anisole. Additionally, the aromatic
may comprise one or more heteroatoms. Examples of heteroatoms include, but are not limited to,
nitrogen, oxygen, phosphorus, boron, and/or sulfur. Aromatics with one or more heteroatom include,
but are not limited to furan, benzofuran, thiophene, benzothiophene, oxazole, thiazole and the like,
and combinations thereof. The aromatic may comprise monocyclic, bicyclic, tricyclic, and/or
polycyclic rings (in some embodiments, at least monocyclic rings, only monocyclic and bicyclic rings,
or only monocyclic rings) and may be fused rings.

[0042] The term “non-aromatic” means four or more carbon atoms joined in at least one ring
structure wherein at least one of the four or more carbon atoms in the ring structure is not an aromatic
carbon atom.

[0043] When referring to compositions of the inventive wet etchant described herein in terms
of weight %, it is understood that in no event shall the weight % of all components, including non-
essential components, such as impurities, add to more than 100 weight %. In compositions “consisting
essentially of” recited components, such components may add up to 100 weight % of the composition
or may add up to less than 100 weight %. Where the components add up to less than 100 weight %,
such composition may include some small amounts of non-essential contaminants or impurities. For
example, in one such embodiment, the formulation can contain 2% by weight or less of impurities. In
another embodiment, the formulation can contain 1% by weight or less of impurities. In a further
embodiment, the formulation can contain 0.05% by weight or less of impurities. In other such
embodiments, the constituents can form at least 90 wt%, more preferably at least 95 wt% , more
preferably at least 99 wt%, more preferably at least 99.5 wt%, most preferably at least 99.9 wt%, and
can include other ingredients that do not material affect the performance of the wet etchant. Otherwise,
if no significant non-essential impurity component is present, it is understood that the composition of
all essential constituent components will essentially add up to 100 weight %.

[0044] The section headings used herein are for organizational purposes and are not to be
construed as limiting the subject matter described. All documents, or portions of documents, cited in
this application, including, but not limited to, patents, patent applications, articles, books, and treatises,

are hereby expressly incorporated herein by reference in their entirety for any purpose. In the event
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that any of the incorporated literature and similar materials defines a term in a manner that contradicts
the definition of that term in this application, this application controls.

DETAILED DESCRIPTION
[0045] It is to be understood that both the foregoing general description and the following
detailed description are illustrative and explanatory, and are not restrictive of the subject matter, as
claimed. The objects, features, advantages and ideas of the disclosed subject matter will be apparent
to those skilled in the art from the description provided in the specification, and the disclosed subject
matter will be readily practicable by those skilled in the art on the basis of the description appearing
herein. The description of any “preferred embodiments” and/or the examples which show preferred
modes for practicing the disclosed subject matter are included for the purpose of explanation and are
not intended to limit the scope of the claims.
[0046] It will also be apparent to those skilled in the art that various modifications may be
made in how the disclosed subject matter is practiced based on described aspects in the specification
without departing from the spirit and scope of the disclosed subject matter disclosed herein.
[0047] As set forth above, the disclosed subject matter relates to chemical formulations which
can remove both copper and cobalt at high etching rate (>50A/minute when copper and cobalt are
coupled) which also overcame the chemical properties differences and galvanic corrosion effects
between the two metals and having etching selectivity of Cu and Co in the range of about 1 to 1.2
Thus, the formulations have a copper etching rate of greater that approximately S0A/minute and a cobalt
etching rate of greater that approximately SOA/minute when copper and cobalt are coupled. In another
embodiment, the formulations have a copper etching rate of greater that approximately 30A/minute and a
cobalt etching rate of greater that approximately 30A/minute when copper and cobalt are coupled
[0048] In one embodiment the disclosed and claimed chemical formulations include:

(i) at least one alkanolamine having at least two carbon atoms, at least one amino
substituent and at least one hydroxyl substituent, the amino and hydroxyl substituents attached to two
different carbon atoms;

(ii) at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12;

(iii) at least one chelating agent; and

(iv) water.

[0049] In one aspect of this embodiment, the at least one alkanolamine having at least two
carbon atoms, at least one amino substituent and at least one hydroxyl substituent with the amino and

hydroxyl substituents attached to two different carbon atoms, is of formula (I):
7
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HO R!
AN NN

|

B
wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched Cs-Cs alkyl and a C1-Cs alkylamino.
[0050] In a further aspect of the above embodiment, the formulation consists essentially of (i)
the at least one alkanolamine having at least two carbon atoms, at least one amino substituent and at
least one hydroxyl substituent with the amino and hydroxyl substituents attached to two different
carbon atoms, (ii) the at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12; (ii1) the at least one chelating agent and (iv) water. In such an
embodiment, the combined amounts of (i), (ii), (iii) and (iv) do not necessarily equal 100% by weight,
and can include other ingredients (e.g., additional solvent(s), including water, common additives
and/or impurities) that do not materially change the effectiveness of the formulation. In one aspect of
this embodiment, the at least one alkanolamine having at least two carbon atoms, at least one amino
substituent and at least one hydroxyl substituent with the amino and hydroxyl substituents attached to

two different carbon atoms, is of formula (I):

HO R
\/\N/
|

R

1

wherein each of R'and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched C3-Cs alkyl and a C1-Cs alkylamino.

[0051] In a further aspect of this embodiment, the formulation consists of (i) the at least one
alkanolamine having at least two carbon atoms, at least one amino substituent and at least one hydroxyl
substituent with the amino and hydroxyl substituents attached to two different carbon atoms, (ii) the at least
one pH adjuster for adjusting the pH of the formulation to between approximately 9 and approximately
12; (iii) the at least one chelating agent; and (iv) water. In such an embodiment, the combined amounts of
(1), (i1), (iii) and (iv) equal approximately 100% by weight but may include other small and/or trace
amounts of impurities that are present in such small quantities that they do not materially change the
effectiveness of the formulation. For example, in one such embodiment, the formulation can contain 2%
by weight or less of impurities. In another embodiment, the formulation can contain 1% by weight or less

than of impurities. In a further embodiment, the formulation can contain 0.05% by weight or less than of
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impurities. In one aspect of this embodiment, the at least one alkanolamine having at least two carbon
atoms, at least one amino substituent and at least one hydroxyl substituent with the amino and hydroxyl

substituents attached to two different carbon atoms, is of formula (I):

HO R
|

R

1

wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched Cs-Cs alkyl and a C1-Cs alkylamino.
[0052] In another embodiment, the disclosed and claimed chemical formulations include:

(i) at least one alkanolamine having at least two carbon atoms, at least one amino
substituent and at least one hydroxyl substituent, the amino and hydroxyl substituents attached to two
different carbon atoms;

(ii) at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12;

(iii) at least one chelating agent;

(iv) water; and

(v) atleast one water miscible solvent.

[0053] In one aspect of this embodiment, the at least one alkanolamine having at least two
carbon atoms, at least one amino substituent and at least one hydroxyl substituent with the amino and

hydroxyl substituents attached to two different carbon atoms, is of formula (I):

HO R
\/\N/
|

R

1

wherein each of R' and R* is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched Cs-Cs alkyl and a C1-Cs alkylamino.

[0054] In a further aspect of this embodiment, the formulation consists essentially of (i) the at
least one alkanolamine having at least two carbon atoms, at least one amino substituent and at least one
hydroxyl substituent with the amino and hydroxyl substituents attached to two different carbon atoms,
(i1) the at least one pH adjuster for adjusting the pH of the formulation to between approximately 9 and
approximately 12; (iii) the at least one chelating agent; (iv) water; and (v) the at least one water miscible

solvent in varying concentrations. In such an embodiment, the combined amounts of (i), (i1), (iii), (iv)
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and (v) do not necessarily equal 100% by weight, and can include other ingredients (e.g., additional
solvent(s), including water, common additives and/or impurities) that do not materially change the
effectiveness of the formulation. In one aspect of this embodiment, the at least one alkanolamine having
at least two carbon atoms, at least one amino substituent and at least one hydroxyl substituent with the

amino and hydroxyl substituents attached to two different carbon atoms, is of formula (I):

HO
\/\N/
|

RZ

Rl

wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched C3-Cs alkyl and a C1-Cs alkylamino.

[0055] In a further embodiment, the formulation consists of (i) the at least one alkanolamine
having at least two carbon atoms, at least one amino substituent and at least one hydroxyl substituent
with the amino and hydroxyl substituents attached to two different carbon atoms, (ii) the at least one
pH adjuster for adjusting the pH of the formulation to between approximately 9 and approximately
12; (iii) the at least one chelating agent; (iv) water; and (v) the at least one water miscible solvent in
varying concentrations. In such an embodiment, the combined amounts of (i), (ii), (iii), (iv) and (v)
equal approximately 100% by weight but may include other small and/or trace amounts of impurities
that are present in such small quantities that they do not materially change the effectiveness of the
formulation. For example, in one such embodiment, the formulation can contain 2% by weight or less
of impurities. In another embodiment, the formulation can contain 1% by weight or less than of
impurities. In a further embodiment, the formulation can contain 0.05% by weight or less than of
impurities. In one aspect of this embodiment, the at least one alkanolamine having at least two carbon
atoms, at least one amino substituent and at least one hydroxyl substituent with the amino and hydroxyl

substituents attached to two different carbon atoms, is of formula (I):

HO R
D N
|

R

1

wherein each of R' and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched Cs-Cs alkyl and a C1-Cs alkylamino.

[0056] In another embodiment, the disclosed and claimed chemical formulations include:

10
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(i) at least one alkanolamine having at least two carbon atoms, at least one amino
substituent and at least one hydroxyl substituent, the amino and hydroxyl substituents attached to two
different carbon atoms;

(i) at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12;

(iii) at least one chelating agent;

(iv) water;

(v) atleast one water miscible solvent; and

(vi) at least one wettability adjusting material.

[0057] In one aspect of this embodiment, the at least one alkanolamine having at least two
carbon atoms, at least one amino substituent and at least one hydroxyl substituent with the amino and

hydroxyl substituents attached to two different carbon atoms, is of formula (I):

HO R
\/\N/
|

R

1

wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched C3-Cs alkyl and a C1-Cs alkylamino.

[0058] In a further aspect of this embodiment, the formulation consists essentially of (i) the at
least one alkanolamine having at least two carbon atoms, at least one amino substituent and at least
one hydroxyl substituent with the amino and hydroxyl substituents attached to two different carbon
atoms, (i) the at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12; (iii) the at least one chelating agent; (iv) water; (v) the at least
one water miscible solvent and (vi) at least one wettability adjusting material in varying concentrations.
In such an embodiment, the combined amounts of (i), (ii), (iii), (iv), (v) and (vi) do not necessarily
equal 100% by weight, and can include other ingredients (e.g., additional solvent(s), including water,
common additives and/or impurities) that do not materially change the effectiveness of the
formulation. In one aspect of this embodiment, the at least one alkanolamine having at least two
carbon atoms, at least one amino substituent and at least one hydroxyl substituent with the amino and

hydroxyl substituents attached to two different carbon atoms, is of formula (I):

11
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HO R!
DG NN
|
R

wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched Cs-Cs alkyl and a C1-Ce alkylamino. In another aspect of this embodiment,
the at least one wettability adjusting material is a surfactant.

[0059] In a further aspect of this embodiment, the formulation consists of (i) the at least one
alkanolamine having at least two carbon atoms, at least one amino substituent and at least one hydroxyl
substituent with the amino and hydroxyl substituents attached to two different carbon atoms, (ii) the
at least one pH adjuster for adjusting the pH of the formulation to between approximately 9 and
approximately 12; (iii) the at least one chelating agent; (iv) water; (v) the at least one water miscible
solvent and (vi) at least one wettability adjusting material in varying concentrations. In such an
embodiment, the combined amounts of (i), (ii), (iii), (iv), (v) and (vi) equal approximately 100% by
weight but may include other small and/or trace amounts of impurities that are present in such small
quantities that they do not materially change the effectiveness of the formulation. For example, in one
such embodiment, the formulation can contain 2% by weight or less of impurities. In another
embodiment, the formulation can contain 1% by weight or less than of impurities. In a further
embodiment, the formulation can contain 0.05% by weight or less than of impurities. In one aspect
of this embodiment, the at least one alkanolamine having at least two carbon atoms, at least one amino
substituent and at least one hydroxyl substituent with the amino and hydroxyl substituents attached to

two different carbon atoms, preferably of formula (I):

HO R
|

R

wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted

1

C1-Cs alkyl, a branched C3-Ce alkyl and a C1-Ce alkylamino. In another aspect of this embodiment,
the at least one wettability adjusting material is a surfactant.
[0060] In another embodiment, the disclosed and claimed chemical formulations include:

(i) at least one alkanolamine having at least two carbon atoms, at least one amino
substituent and at least one hydroxyl substituent, the amino and hydroxyl substituents attached to two

different carbon atoms;

12
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(ii) at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12;

(iii) at least one chelating agent;

(iv) water; and

(vi) at least one wettability adjusting material.
[0061] In one aspect of this embodiment, the at least one alkanolamine having at least two
carbon atoms, at least one amino substituent and at least one hydroxyl substituent with the amino and

hydroxyl substituents attached to two different carbon atoms, is of formula (I):

HO R
|

R

1

wherein each of R' and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched C3-Cs alkyl and a C1-Cs alkylamino.

[0062] In a further aspect of this embodiment, the formulation consists essentially of (i) the at
least one alkanolamine having at least two carbon atoms, at least one amino substituent and at least
one hydroxyl substituent with the amino and hydroxyl substituents attached to two different carbon
atoms, (ii) the at least one pH adjuster for adjusting the pH of the formulation to between
approximately 9 and approximately 12; (iii) the at least one chelating agent; (iv) water and (vi) at least
one wettability adjusting material in varying concentrations. In such an embodiment, the combined
amounts of (i), (i1), (ii1), (iv) and (vi) do not necessarily equal 100% by weight, and can include other
ingredients (e.g., additional solvent(s), including water, common additives and/or impurities) that do
not materially change the effectiveness of the formulation. In one aspect of this embodiment, the at
least one alkanolamine having at least two carbon atoms, at least one amino substituent and at least
one hydroxyl substituent with the amino and hydroxyl substituents attached to two different carbon

atoms, is of formula (I):
HO R!
DG N
|
R
wherein each of R' and R* is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched C3-Ce alkyl and a C1-Ce alkylamino. In another aspect of this embodiment,

the at least one wettability adjusting material is a surfactant.
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[0063] In a further aspect of this embodiment, the formulation consists of (i) the at least one
alkanolamine having at least two carbon atoms, at least one amino substituent and at least one hydroxyl
substituent with the amino and hydroxyl substituents attached to two different carbon atoms, (ii) the
at least one pH adjuster for adjusting the pH of the formulation to between approximately 9 and
approximately 12; (ii1) the at least one chelating agent; (iv) water and (vi) at least one wettability
adjusting material in varying concentrations. In such an embodiment, the combined amounts of (i),
(i1), (ii1), (iv) and (vi) equal approximately 100% by weight but may include other small and/or trace
amounts of impurities that are present in such small quantities that they do not materially change the
effectiveness of the formulation. For example, in one such embodiment, the formulation can contain
2% by weight or less of impurities. In another embodiment, the formulation can contain 1% by weight
or less than of impurities. In a further embodiment, the formulation can contain 0.05% by weight or
less than of impurities. In one aspect of this embodiment, the at least one alkanolamine having at least
two carbon atoms, at least one amino substituent and at least one hydroxyl substituent with the amino

and hydroxyl substituents attached to two different carbon atoms, preferably of formula (1):

HO
|

R

wherein each of R' and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted

RI

C1-Cs alkyl, a branched Cs-Cs alkyl and a C1-Ce alkylamino. In another aspect of this embodiment,
the at least one wettability adjusting material is a surfactant.

Alkanolamine

[0064] As described above, the disclosed and claimed formulations include at least one
alkanolamines having at least two carbon atoms, at least one amino substituent and at least one
hydroxyl substituent, the amino and hydroxyl substituents attached to two different carbon atoms. In
some embodiments, the disclosed and claimed formulations include about 1 wt% to about 10 wt% of
the one or more alkanolamines. In a further aspect, the disclosed and claimed formulations include
about 5 wt% of the one or more alkanolamines. In a further aspect, the disclosed and claimed
formulations include about 2 wt% of the one or more alkanolamines. In a further aspect, the disclosed
and claimed formulations include about 1 wt% of the one or more alkanolamines.

[0065] In some embodiments, the alkanolamine is a 1,2 alkanolamine of formula (I):

14
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HO R!
N~

|

B
wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched C3-Cs alkyl and a C1-Cs alkylamino. In some embodiments, each of R! and R?
is independently selected from H, an unsubstituted C1-Cs alkyl, C1-C4 alkylamino and a C1-Cs alkyl
substituted with an alcohol or a halogen.
[0066] In one embodiment, the formulation includes the alkanolamine of formula (I) where
one or both of R! and R? is H. In a further aspect, the at least one alkanolamine of the formulation
consists essentially of the alkanolamine of formula (I) where one or both of R! and R?is H. Ina
further aspect, the at least one alkanolamine of the formulation consists of the alkanolamine of formula
(I) where one or both of R! and R?is H.
[0067] In one embodiment, the formulation includes the alkanolamine of formula (I) where

both R! and R?is H:
HO
\/\NH2

[0068] In a further aspect, the at least one alkanolamine of the formulation consists essentially
of the alkanolamine of formula (I) where both R! and R* is H. In a further aspect, the at least one
alkanolamine of the formulation consists of the alkanolamine of formula (I) where both R! and R? is H.
[0069] In one embodiment, the formulation includes the alkanolamine of formula (I) where

one of R! and R? is H and the other of R! and R?is a -CH3 group:
HO CH,
\/\N/
H .

[0070] In a further aspect, the at least one alkanolamine of the formulation consists essentially
of the alkanolamine of formula (I) where one of R! and R? is H and the other of R! and R?is a -CH3
group. In a further aspect, the at least one alkanolamine of the formulation consists of the
alkanolamine of formula (I) where one of R! and R* is H and the other of R! and R*is a -CH3 group.

[0071] In one embodiment, the formulation includes the alkanolamine of formula (I) where one

of R! and R? is H and the other of R! and R? is a substituted C1-Cs alkyl of the formula -CH2CH2OH:

HO OH
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[0072] In a further aspect, the at least one alkanolamine of the formulation consists essentially
of the alkanolamine of formula (I) where one of R! and R?is H and the other of R! and R? is a substituted
C1-Cs alkyl of the formula —-CH2CH2OH. In a further aspect, the at least one alkanolamine of the
formulation consists of the alkanolamine of formula (I) where one of R! and R? is H and the other of
R! and R? is a substituted C1-Cs alkyl of the formula -CH2CH>OH.

[0073] In one embodiment, the formulation includes the alkanolamine of formula (I) where

both R! and R? is a substituted C1-Cs alkyl of the formula -CH2CH20H:

HO \/\N /\/OH

H

[0074] In a further aspect, the at least one alkanolamine of the formulation consists essentially
of the alkanolamine of formula (I) where both R! and R? is a substituted C1-Cs alkyl of the formula —
CH:CH20H. In a further aspect, the at least one alkanolamine of the formulation consists of the
alkanolamine of formula (I) where both R' and R?* is a substituted C1-Cs alkyl of the formula —
CH2CH20H.

[0075] In one embodiment, the formulation includes the alkanolamine of formula (I) where one
of R! and R? is H and the other of R! and R? is a substituted C1-Cs alkyl of the formula -CH>CH2NHa:

HO CH,CH,NH
\/\N/ 22

H

[0076] In a further aspect, the at least one alkanolamine of the formulation consists essentially
of the alkanolamine of formula (T) where one of R! and R? is H and the other of R! and R? is a substituted
C1-Cs alkyl of the formula -CH2CH2NH.. In a further aspect, the at least one alkanolamine of the
formulation consists of the alkanolamine of formula (I) where one of R! and R? is H and the other of
R! and R? s a substituted C1-Cs alkyl of the formula -CH>CH2NHa.

[0077] In some embodiments, the at least one alkanolamine of the formulation consists

essentially of a compound of formula (I):

HO
\/\N/
|

R2

Rl

@
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wherein each of R! and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted
C1-Cs alkyl, a branched Cs-Cs alkyl and a C1-Cs alkylamino.
[0078] In some embodiments, the at least one alkanolamine of the formulation consists of a
compound of formula (I):

HO R1
R2
@
wherein each of R'and R? is independently selected from H, an unsubstituted C1-Cs alkyl, a substituted

C1-Cs alkyl, a branched C3-Cs alkyl and a C1-Cs alkylamino.

[0079] Suitable alkanolamines also include, but are not limited to, ethanolamine, N-
methylethanolamine, = N-ethylethanolamine, = N-propylethanolamine, = N-butylethanolamine,
diethanolamine, triethanolamine, N-methyldiethanolamine, N-ethyldiethanolamine,

isopropanolamine, diisopropanolamine, triisopropanolamine, N-methylisopropanolamine, N-
ethylisopropanolamine, N-propylisopropanolamine, 2-aminopropane-1-ol, N-methyl-2-
aminopropane-1-ol, N-ethyl-2-aminopropane-1-ol, 1-aminopropane-3-ol, N-methyl-1-aminopropane-
3-ol, N-ethyl-1-aminopropane-3-ol, 1-aminobutane-2-ol, N-methyl-1-aminobutane-2-ol, N-ethyl-1-
aminobutane-2-ol, 2-aminobutane-1-ol, N-methyl-2-aminobutane-1-ol, N-ethyl-2-aminobutane-1-ol,
3-aminobutane-1-ol, N-methyl-3-aminobutane-1-ol, N-ethyl-3-aminobutane-1-ol, 1-aminobutane-4-
ol, N-methyl-1-aminobutane-4-ol, N-ethyl-1-aminobutane-4-ol, 1-amino-2-methylpropane-2-ol, 2-
amino-2-methylpropane-1-ol, 1-aminopentane-4-ol, 2-amino-4-methylpentane-1-ol, 2-aminohexane-
1-0l, 3-aminoheptane-4-ol, 1-aminooctane-2-ol, 5-aminooctane-4-ol, 1-aminopropane-2,3-diol, 2-
aminopropane-1,3-diol, tris(oxymethyl)aminomethane, 1,2-diaminopropane-3-ol, 1,3-
diaminopropane-2-ol, and 2-(2-aminoethoxy)ethanol.

pH Adjuster

[0080] The pH adjuster can be any material suitable to adjust the pH of the formulations to
between approximately 9 and approximately 12. Such materials include inorganic and organic acids
including, but not limited to, citric acid, sulfuric acid, phosphoric acid, oxalic acid, malonic acid, lactic
acid, adipic acid, acetic acid, trifluoroacetic acid, methanesulfonic acid, toluenesulfonic acid, halogen
acids of the formula H-X where X =F, Cl, Br, or I. Preferred pH adjusters are hydrofluoric acid (HF)

and methanesulfonic acid.
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[0081] In one embodiment, the pH adjuster includes neat hydrofluoric acid (HF). In another
embodiment the at least one pH adjuster consists essentially of hydrofluoric acid (HF). In another
embodiment the at least one pH adjuster consists of hydrofluoric acid (HF).

[0082] In one embodiment, the pH adjuster includes methanesulfonic acid. In another
embodiment the at least one pH adjuster consists essentially of methanesulfonic acid. In another
embodiment the at least one pH adjuster consists of methanesulfonic acid.

[0083] The formulations will generally include from about 0.001 wt. % to about 10 wt. % of
the pH adjuster. In other embodiments, the formulations will include from about 0.01 wt. % to about
7.5 wt. % of the pH adjuster. In other embodiments, the formulations will include from about 0.1 wt.
% to about 5.0 wt. % of the pH adjuster. In other embodiments, the formulations will include from
about 0.1 wt. % to about 1.0 wt. % of the pH adjuster.

[0084] In some embodiments, the formulations will include about 0.1 wt. % to about 1.0 wt.%
of neat hydrofluoric acid (HF). In one aspect, the formulations will include about 0.125 wt. % of neat
hydrofluoric acid (HF). In another aspect, the formulations will include about 0.25 wt. % of neat
hydrofluoric acid (HF). In another aspect, the formulations will include about 0.5 wt. % of neat
hydrofluoric acid (HF). In another aspect, the formulations will include about 0.75 wt. % of neat
hydrofluoric acid (HF). In another aspect, the formulations will include about 1.0 wt. % of neat
hydrofluoric acid (HF).

[0085] In some embodiments, the formulations will include about 0.1 wt. % to about 5.0 wt.%
of methanesulfonic acid. In some embodiments, the formulations will include about 0.1 wt. % to about
2.0 wt.% of methanesulfonic acid. In some embodiments, the formulations will include about 1.0 wt.
% to about 1.5 wt.% of methanesulfonic acid. In some embodiments, the formulations will include
about 0.5 wt. % of methanesulfonic acid. In some embodiments, the formulations will include about
1.0 wt. % of methanesulfonic acid. In some embodiments, the formulations will include about 1.2 wt.
% of methanesulfonic acid. In some embodiments, the formulations will include about 1.5 wt. % of
methanesulfonic acid.

Chelating Agent

[0086] As described above, the disclosed and claimed formulations include one or more metal
chelating agents. Metal chelating agents can function to increase the capacity of the composition to retain
metals in solution and to enhance metal etch rates. Typical examples of chelating agents useful for this
purpose are the following organic acids and their isomers and salts: ethylenediaminetetraacetic acid
(EDTA), butylenediaminetetraacetic acid, (1,2-cyclohexylenediamine)tetraacetic acid (CyDTA),

diethylenetriaminepentaacetic acid (DETPA), ethylenediaminetetrapropionic acid,
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(hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), N, N, N, N'-
ethylenediaminetetra(methylenephosphonic) acid (EDTMP), triethylenetetraminehexaacetic acid
(TTHA), 1,3-diamino-2-hydroxypropane-N,N,N',N'-tetraacetic acid (DHPTA), iminodiacetic acid,
methyliminodiacetic acid, propylenediaminetetraacetic acid, nitrotriacetic acid (NTA), citric acid, tartaric
acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid, phthalic acid, maleic acid, mandelic acid,
malonic acid, lactic acid, salicylic acid, propyl gallate, pyrogallol, 8-hydroxyquinoline, and cysteine.
Preferred chelating agents are aminocarboxylic acids such as EDTA, CyDTA and iminodiacetic acid.
[0087] In some embodiments, the at least one chelating agent includes EDTA. In some
embodiments, the at least one chelating agent consists essentially of EDTA. In some embodiments, the
at least one chelating agent consists of EDTA.

[0088] In some embodiments, the at least one chelating agent includes CyDTA. In some
embodiments, the at least one chelating agent consists essentially of CyDTA. In some embodiments,
the at least one chelating agent consists of CyDTA.

[0089] In some embodiments, the at least one chelating agent includes iminodiacetic acid. In
some embodiments, the at least one chelating agent consists essentially of iminodiacetic acid. In some
embodiments, the at least one chelating agent consists of iminodiacetic acid.

[0090] For most applications, the formulations will include from about 0.1 wt. % to about 10
wt. % of the chelating agent. In some embodiments, the formulations will include from about 0.1 wt.
% to about 5 wt. % of the chelating agent. In some embodiments, the formulations will include from
about 0.1 wt. % to about 3 wt. % of the chelating agent. In some embodiments, the formulations will
include from about 0.1 wt. % to about 2 wt. % of the chelating agent. In some embodiments, the
formulations will include from about 0.1 wt. % to about 1 wt. % of the chelating agent. Preferably,
the formulations will include from about 0.1 wt. % to about 0.5 wt. % of the chelating agent. In other
embodiments, the formulations will include about 0.1 wt. % of the chelating agent.

[0091] In other embodiments, the formulations include about 0.1 wt. % of EDTA. In other
embodiments, the formulations consist essentially of about 0.1 wt. % of EDTA. In other embodiments,
the formulations consist of about 0.1 wt. % of EDTA.

[0092] In other embodiments, the formulations include about 0.1 wt. % of iminodiacetic acid. In
other embodiments, the formulations consist essentially of about 0.1 wt. % of iminodiacetic acid. In
other embodiments, the formulations consist of about 0.1 wt. % of iminodiacetic acid.

Water Miscible Solvent

[0093] As described above, the disclosed and claimed formulations include one or more water

miscible solvents capable of changing surface wettability in order to improve the roughness
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performance on copper surfacing. Suitable water miscible solvents include, but are not limited to,
ethylene glycol, propylene glycol (PG), 1,4-butanediol, tripropylene glycol methyl ether, propylene
glycol propyl ether, diethylene gycol n-butyl ether (BDG) , dipropylene glycol methyl ether (DPM)
hexyloxypropylamine, poly(oxyethylene)diamine, dimethyl sulfoxide (DMSO), tetrahydrofuran,
tetrahydrofurfuryl alcohol, glycerol, alcohol(s), sulfolane, sulfoxides, or mixtures thereof. Preferred
water miscible solvents are propylene glycol (PG), sulfolane and diethylene glycol butyl ether (BDG).
[0094] For most applications, the formulations include from about 1 wt. % to about 25 wt. %
of the water miscible solvents. In other embodiments, the one or more water miscible solvent of the
formulations consists essentially of from about 1 wt. % to about 25 wt. % of the water miscible solvents.
In other embodiments, the one or more water miscible solvent of the formulations consists from about
1 wt. % to about 25 wt. % of the water miscible solvents.

[0095] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 5 wt. % to about 20 wt. % of the water miscible solvents. In other embodiments,
the one or more water miscible solvent of the formulations consists essentially of from about 5 wt. %
to about 20 wt. % of the water miscible solvents. In other embodiments, the one or more water miscible
solvent of the formulations consists from about 5 wt. % to about 20 wt. % of the water miscible solvents.
[0096] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 10 wt. % to about 20 wt. % of the water miscible solvents. In other embodiments,
the one or more water miscible solvent of the formulations consists essentially of from about 10 wt. %
to about 20 wt. % of the water miscible solvents. In other embodiments, the one or more water miscible
solvent of the formulations consists from about 10 wt. % to about 20 wt. % of the water miscible solvents.
[0097] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 15 wt. % to about 20 wt. % of the water miscible solvents. In other embodiments,
the one or more water miscible solvent of the formulations consists essentially of from about 15 wt. %
to about 20 wt. % of the water miscible solvents. In other embodiments, the one or more water miscible
solvent of the formulations consists from about 15 wt. % to about 20 wt. % of the water miscible solvents.
[0098] In other embodiments, the one or more water miscible solvent of the formulations
includes about 20 wt. % of the water miscible solvents. In other embodiments, the one or more water
miscible solvent of the formulations consists essentially of about 20 wt. % of the water miscible
solvents. In other embodiments, the one or more water miscible solvent of the formulations consists
of about 20 wt. % of the water miscible solvents.

[0099] In some embodiments the water miscible solvent includes PG. Thus, such formulations

include from about 1 wt. % to about 25 wt. % of PG. In other embodiments, the one or more water
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miscible solvent of the formulations consists essentially of from about 1 wt. % to about 25 wt. % of
PG. In other embodiments, the one or more water miscible solvent of the formulations consists from
about 1 wt. % to about 25 wt. % of PG.

[0100] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 5 wt. % to about 20 wt. % of PG. In other embodiments, the one or more water
miscible solvent of the formulations consists essentially of from about 5 wt. % to about 20 wt. % of
PG. In other embodiments, the one or more water miscible solvent of the formulations consists from
about 5 wt. % to about 20 wt. % of PG.

[0101] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 10 wt. % to about 20 wt. % of PG. In other embodiments, the one or more water
miscible solvent of the formulations consists essentially of from about 10 wt. % to about 20 wt. % of
PG. In other embodiments, the one or more water miscible solvent of the formulations consists from
about 10 wt. % to about 20 wt. % of PG.

[0102] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 15 wt. % to about 20 wt. % of PG. In other embodiments, the one or more water
miscible solvent of the formulations consists essentially of from about 15 wt. % to about 20 wt. % of
PG. In other embodiments, the one or more water miscible solvent of the formulations consists from
about 15 wt. % to about 20 wt. % of PG.

[0103] In other embodiments, the one or more water miscible solvent of the formulations
includes about 20 wt. % of PG. In other embodiments, the one or more water miscible solvent of the
formulations consists essentially of about 20 wt. % of PG. In other embodiments, the one or more
water miscible solvent of the formulations consists of about 20 wt. % of PG.

[0104] In some embodiments the water miscible solvent includes PG. Thus, such formulations
include from about 1 wt. % to about 25 wt. % of sulfolane. In other embodiments, the one or more
water miscible solvent of the formulations consists essentially of from about 1 wt. % to about 25 wt.
% of sulfolane. In other embodiments, the one or more water miscible solvent of the formulations
consists from about 1 wt. % to about 25 wt. % of sulfolane.

[0105] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 5 wt. % to about 20 wt. % of sulfolane. In other embodiments, the one or more
water miscible solvent of the formulations consists essentially of from about 5 wt. % to about 20 wt.
% of sulfolane. In other embodiments, the one or more water miscible solvent of the formulations

consists from about 5 wt. % to about 20 wt. % of sulfolane.
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[0106] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 10 wt. % to about 20 wt. % of sulfolane. In other embodiments, the one or more
water miscible solvent of the formulations consists essentially of from about 10 wt. % to about 20 wt.
% of sulfolane. In other embodiments, the one or more water miscible solvent of the formulations
consists from about 10 wt. % to about 20 wt. % of sulfolane.

[0107] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 15 wt. % to about 20 wt. % of sulfolane. In other embodiments, the one or more
water miscible solvent of the formulations consists essentially of from about 15 wt. % to about 20 wt.
% of sulfolane. In other embodiments, the one or more water miscible solvent of the formulations
consists from about 15 wt. % to about 20 wt. % of sulfolane.

[0108] In other embodiments, the one or more water miscible solvent of the formulations
includes about 20 wt. % of sulfolane. In other embodiments, the one or more water miscible solvent
of the formulations consists essentially of about 20 wt. % of sulfolane. In other embodiments, the one
or more water miscible solvent of the formulations consists of about 20 wt. % of sulfolane.

[0109] In some embodiments the water miscible solvent includes BDG. Thus, such
formulations include from about 1 wt. % to about 25 wt. % of BDG. In other embodiments, the one
or more water miscible solvent of the formulations consists essentially of from about 1 wt. % to about
25 wt. % of BDG. In other embodiments, the one or more water miscible solvent of the formulations
consists from about 1 wt. % to about 25 wt. % of BDG.

[0110] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 5 wt. % to about 20 wt. % of BDG. In other embodiments, the one or more water
miscible solvent of the formulations consists essentially of from about 5 wt. % to about 20 wt. % of
BDG. In other embodiments, the one or more water miscible solvent of the formulations consists from
about 5 wt. % to about 20 wt. % of BDG.

[0111] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 10 wt. % to about 20 wt. % of BDG. In other embodiments, the one or more
water miscible solvent of the formulations consists essentially of from about 10 wt. % to about 20 wt.
% of BDG. In other embodiments, the one or more water miscible solvent of the formulations consists
from about 10 wt. % to about 20 wt. % of BDG.

[0112] In other embodiments, the one or more water miscible solvent of the formulations
includes from about 15 wt. % to about 20 wt. % of BDG. In other embodiments, the one or more

water miscible solvent of the formulations consists essentially of from about 15 wt. % to about 20 wt.
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% of BDG. In other embodiments, the one or more water miscible solvent of the formulations consists
from about 15 wt. % to about 20 wt. % of BDG.

[0113] In other embodiments, the one or more water miscible solvent of the formulations
includes about 20 wt. % of BDG. In other embodiments, the one or more water miscible solvent of the
formulations consists essentially of about 20 wt. % of BDG. In other embodiments, the one or more
water miscible solvent of the formulations consists of about 20 wt. % of BDG.

Wettability Adjusting Material (e.g., Surfactants)

[0114] As described above, the disclosed and claimed formulations can include at least one
water-soluble wettability adjusting material such as a nonionic surfactant. Surfactants serve to aid in
the removal of residue.

[0115] In one embodiment, the wettability adjusting material includes a surfactant. In another
embodiment, the wettability adjusting material consist essentially of a surfactant. In another
embodiment, the wettability adjusting material consist of a surfactant.

[0116] Examples of the water-soluble wettability adjusting material dispersing agents include
polyoxyethylene lauryl ether, polyoxyethylene cetyl ether, polyoxyethylene steary ether,
polyoxyethylene oleyl ether, polyoxyethylene higher alcohol ether, polyoxyethylene octyl phenyl
ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene derivatives, polyoxyethylene sorbitan
monolaurate, polyoxyethylene sorbitan monopalmitate, polyoxyethylene sorbitan monostearate,
polyoxyethylene sorbitan tristearate, polyoxyethylene sorbitan monooleate, polyoxyethylene sorbitan
trioleate, polyoxyethylene sorbit tetraoleate, polyethylene glycol monolaurate, polyethylene glycol
monostearate, polyethylene glycol distearate, polyethylene glycol monooleate, polyoxyethylene
alkylamine, polyoxyethylene hardened castor oil, alkylalkanolamide, and mixtures thereof.

[0117] Commercially available surfactants that can be used in the disclosed and claimed
formulations include, but are not limited to, Triton™ X-100 (4-(1,1,3,3-Tetramethylbutyl)phenyl-
polyethylene glycol solution) and Dynol™ 607 (a commercial product form Air products).

[0118] If present, the formulations will include from about 0.001 wt. % to about 5 wt. % of
the surfactant. In other embodiments, the formulations will include from about 0.01 wt. % to about
2.5 wt. % of the surfactant. In other embodiments, the formulations will include from about 0.1 wt.
% to about 1.0 wt. % of the surfactant.

EXAMPLES

[0119] Reference will now be made to more specific embodiments of the present disclosure

and experimental results that provide support for such embodiments. The examples are given below
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to more fully illustrate the disclosed subject matter and should not be construed as limiting the disclosed
subject matter in any way.

[0120] It will be apparent to those skilled in the art that various modifications and variations can
be made in the disclosed subject matter and specific examples provided herein without departing from
the spirit or scope of the disclosed subject matter. Thus, it is intended that the disclosed subject matter,
including the descriptions provided by the following examples, covers the modifications and variations
of the disclosed subject matter that come within the scope of any claims and their equivalents.
Materials and Methods:

Ingredients and Abbreviations

[0121] The abbreviations used in the Examiners are as follows:
Abbreviation Full Name
MEA Monoethanolamine
NMEA N-methylethanolamine
PG Propylene Glycol
BDG Diethylene Glycol Butyl Ether

Etch Rate Measurement:

[0122] The simulation of Galvanic corrosion effect by coupling test is to fix two metals wafer
coupon contacting with each other face to face as shown in FIG. 1. The etching rate was measured by
4-point ResMap probe and the roughness data was measured by a Bruker ICON AFM tool. Etching
rates in Tables 1-5 were measured at 30 °C with a 1 to 5-minute time frame.

Comparative Examples

[0123] Amine solutions, without other ingredients, were prepared in 0.8 M water to evaluate

the Cu and CO etching rates as follows:

Amine Solution Triethanolamine| N-methylethanolamine| Monoethanolamine
pH 11 11.9 11.9
Cu E/R(A/min) 21 70 244
Co E/R(A/min) 22 11 15
Coupled Cu E/R(A/min) 412 70.2 125
Coupled Co E/R(A/min) 369 421 60.1
Cu/Co E/R Ratio 1.12 1.67 2.08

Table 1: Role of Different Amine in 0.8 M Water Solution
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[0124] As can be seen, the primary amine shows the highest etching rate of copper while cobalt

etching rate were low in all amines. The coupled etching rates are graphically illustrated in FIG. 2.

Working Examples
A. Analysis of pH Effect
Component Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6
DIW 95 94.875 94.75 94.5 94.25 94.0
MEA 5 5 5 5 5 5
HF - 0.125 0.25 0.5 0.75 1.0
Total 100 100 100 100 100 100
pH 11.49 10.91 10.49 10.24 9.86 92
Cu E/R(A/min) 231.4 182.4 133.7 129.1 102.4 942
Co E/R(A/min) 152 18.9 238 324 36.5 434
Coupled Cu E/R 125 102 91.7 -- - -
Coupled Co E/R 60.1 70.2 414 -- -- --
Cu/Co E/R Ratio 2.08 1.45 221 - - -

Table 2: pH Effect by Adjusting HF
[0125] As shown in Table 2, the copper etching was increased when pH value increased but
there was a simultaneous decrease in the cobalt etching rate. The etching rates for Cu and Co were
collected with the metals individually and when coupled. The coupled etching rates for Ex. 1 and Ex.
2 are graphically illustrated in FIG. 3. When the etching rates were collected from samples in which
the two metals were coupled to each other, the etching rate of higher activity metal would be increased
while the etching rate of lower activity metals would be decreased. This analysis better simulates the

Galvanic corrosion effect in a real device wafer.
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B. Analysis of Chelating Agent Effect
Component Ex. 3 Ex.7 Ex. 8
DIW 9475 94.65 94.65
MEA 5 5 5
HF 0.25 0.25 0.25
EDTA - 0.1 -
Iminodiacetic Acid - - 0.1
Total 100 100 100
pH 10.48 10.49 10.4
Coupled Cu E/R 91.7 83.1 101.5
Coupled Co E/R 41.4 79.5 93.5
Cu to Co Ratio 2.21 1.05 1.09

Table 3: Chelating Agent Effect for Improving Cu to Co Selectivity
[0126] As shown in Table 3, the addition of a chelating agent (e.g., to the formulation of Ex.
3) significantly increases the selectivity of the Cu to Co etching rate from 2.21 to 1.05~1.09 while also

maintaining the respective etching rates of both metals. FIG. 4 graphically illustrates this data.
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C. Analysis of Solvent Effect on Roughness

Component Ex. 9 Ex. 10 Ex. 11 Ex. 12
DIW 937 73.7 73.7 73.7
PG -- 20 -- -
Sulfolane -- -- 20 -
BDG -- - -- 20
MEA 5 5 5 5
EDTA 0.1 0.1 0.1 0.1
Methanesulfonic Acid 1.2 1.2 1.2 1.2
Total 100 100 100 100
Coupled Cu E/R 83.1 42.17 92.7 116.37
Coupled Co E/R 79.5 39.1 74.7 82.9
Cu to Co Ratio 1.05 1.08 1.24 1.40
Roughness-Ra Value (nm) 5.84 4 3.71 3.66
Roughness-Rq Value (nm) 7.06 5.04 4.46 4.4
Z-range 439 48.1 29.6 279

Table 4. Solvent Effect on Roughness Performance
[0127] As shown in Table 4, the addition of a solvent capable of changing surface wettability

produced significantly better roughness performance on copper surfacing. FIG. 5 graphically

illustrates this data.
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D. Analysis of Solvent Plus Surfactant Effect on Roughness

Component Ex. 13 Ex. 14 Ex. 15 Ex. 16 Ex. 17
DIW 93.7 93.6 937 56.68 56.68
PG -- -- - 20 20
BDG -- -- - 20 20
MEA 5 5 5 2 2
EDTA 0.1 0.1 0.1 0.1 --
Iminodiacetic Acid -- -- - -- 0.1
Methanesulfonic Acid 12 1.2 1.2 12 12
Triton™ X-100 -- 0.1 - -- --
Dynol™ 607 -- -- 0.02 0.02 0.02
Total 100 100 100 100 100
Coupled Cu E/R 83.1 101.5 925 49.7 60.4
Coupled Co E/R 79.5 102.3 87.6 40.7 61.37
Cu to Co Ratio 1.05 0.99 1.06 1.22 0.98
Roughness-Ra Value (nm) 5.84 3.08 297 3.44 1.64
Roughness-Rq Value (nm) 7.06 3.7 3.69 42 2.07
Z-range 439 24.4 25.8 32.8 18.5

Table S. Roughness Data of Formulations with Solvent and Surfactant

[0128] As shown in Table 5, the roughness can be further improved by adding a surfactant into
the alkaline solutions. Table 5 demonstrates that adding both a wettability improving solvent and
surfactant improves the roughness from 5.84 to 1.64 (ca. 72% improvement). FIG. 6 illustrates the
data for Ex. 13 and Ex. 16. FIG. 7 illustrates the surface roughness analysis for these samples.
Results

[0129] As shown in the above tables, the disclosed and claimed formulations provide copper
etching rates of greater that approximately 50A/minute and a cobalt etching rates of greater that
approximately 50A/minute when copper and cobalt are coupled and do so while also providing
desirable Cu to Co etching rate ratios when copper and cobalt are coupled. As demonstrated, the
coupled Co-Cu etching rate ratio are generally between approximately 0.9 to approximately 2.25. In
some embodiments, the copper to cobalt etching rate ratio is approximately 1.0 to approximately 2.20
when copper and cobalt are coupled. In other embodiments, the copper to cobalt etching rate ratio is

approximately 0.95 to approximately 1.25 when copper and cobalt are coupled. In other embodiments,
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the copper to cobalt etching rate ratio is approximately 0.95 to approximately 1.1 when copper and
cobalt are coupled. In other embodiments, the copper to cobalt etching rate ratio is approximately 1.0
to approximately 1.1 when copper and cobalt are coupled. In other embodiments, the copper to cobalt
etching rate ratio is approximately 1.0 when copper and cobalt are coupled.

[0130] Given the above copper to cobalt etching rates, in some embodiments the formulation
has a copper etching rate of greater that approximately S0A/minute and a cobalt etching rate of greater
that approximately S0A/minute when copper and cobalt are coupled and also a copper to cobalt etching
rate ratio of approximately 0.95 to approximately 1.25 when copper and cobalt are coupled. In other
embodiments, the formulation has a copper etching rate of greater that approximately S0A/minute and
a cobalt etching rate of greater that approximately S0A/minute when copper and cobalt are coupled
and also a copper to cobalt etching rate ratio of approximately 0.95 to approximately 1.1 when copper
and cobalt are coupled. In yet other embodiments, the formulation has a copper etching rate of greater
that approximately SOA/minute and a cobalt etching rate of greater that approximately SOA/minute
when copper and cobalt are coupled and also a copper to cobalt etching rate ratio of approximately 1
when copper and cobalt are coupled.

[0131] Although the invention has been described and illustrated with a certain degree of
particularity, it is understood that the disclosure has been made only by way of example, and that
numerous changes in the conditions and order of steps can be resorted to by those skilled in the art

without departing from the spirit and scope of the invention.
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