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» [ Title of Invention] ( Chinese/ English)

METHODS AND APPARATUSES TO FORM SELF-ALIGNED CAPS

[ Chinese]

At least one conductive line in a dielectric layer over a substrate is recessed to
form a channel. The channel is self-aligned to the conductive line. The channel can be
formed by etching the conductive line to a predetermined depth using a chemical
comprising an inhibitor to provide uniformity of etching independent of a crystallographic
orientation. A cover layer to prevent electromigration is deposited on the recessed

conductive line in the channel. The channel is configured to contain the cover layer within
the width of the conductive line.

[ English]

At least one conductive line in a dielectric layer over a substrate is recessed to
form a channel. The channel is self-aligned to the conductive line. The channel can be
formed by etching the conductive line to a predetermined depth using a chemical
comprising an inhibitor to provide uniformity of etching independent of a crystallographic
orientation. A cover layer to prevent electromigration is deposited on the recessed

conductive line in the channel. The channel is configured to contain the cover layer within
the width of the conductive line.

[ Representative Figure )
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[ Designated Representative Figure] : FIG. 3B
[ Brief description of the reference numerals of the representative
figure)

301 : Substrate
303 : Dielectric layer
305 : Conductive line
309 : Interval
311, 319 : Cover layer

[ If this application includes chemical formulas, please disclose the chemical
formula that best represents the characteristics of the invention] : None
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SPECIFICATION

(Please do not change the format and sequence of this specification)

[ Title of Invention] (Chinese/English)

METHODS AND APPARATUSES TO FORM SELF-ALIGNED
CAPS

[ Technical Field]
Embodiments of the present invention relate to the field of electronic device

fabrication, and more particularly to the formation of interconnect structures.

[ Background Art])

Since the feature size of electronic devices is reduced, the reliability of the
interconnect becomes extremely important to the performance of an integrated circuit. In
general, electromigration refers to material migration in a conductor due to ion movement
caused by momentum transfer between conductive electrons and diffused metal atoms. This
effect is especially important in applications that use high current densities (e.g., in
microelectronic structures involving logic devices). Metal cladding techniques are often
used to prevent electromigration.

FIG. 1A is a cross-sectional view of a typical interconnect structure having a metal
electromigration cap. As shown in FIG. 1A, metal interconnect lines such as lines 103 and
104 formed on a dielectric substrate 101 are originally spaced apart by a line spacing 105.
Electromigration caps such as caps 111-113 and the like can be grown on individual

interconnects above a plane of the substrate using electroless plating. In general, the growth
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of the electromigration caps on the interconnect lines is isotropic. The electromigration caps
can be grown on the interconnect metal wire in vertical and lateral manners over the
substrate. The lateral growth of the metal electromigration caps can produce an overhanging
structure such as an outer edge projection 109 that projects beyond the width of the
interconnecting substrate 101. As shown in FIG. 1A, the lateral growth of the metal caps
reduces the line-to-line spacing from interval 105 to interval 107.

The size of the outer edge projection 109 is typically about 50% of the thickness of
the caps. For example, if two adjacent metal caps have a thickness of about 10 nanometers
("nm"), the overall size of the outer edge projections can be about 2 x 5 nanometers. Thus,
the line-to-line spacing can be reduced by, for example, one-half, and from about 20
nanometers to about 10 nanometers.

FIG. 1B is a top view of a typical interconnect structure having some metal
electromigration caps grown in an electroless manner over a plane of a substrate 121 having
interconnects such as interconnects 123, and the like. As shown in FIG. 1B, the lateral
growth of the metal caps over the substrate increases the Line Edge Roughness (LER) and
reduces the line-to-line spacing. As shown in FIG. 1B, the line-to-line spacing such as the
line-to-line interval 125 or the like is uncontrolledly changed. The increased LER and
reduced line-to-line spacing have a detrimental effect on the reliability of the interconnect
structure and increase the risk of current shorting that may cause failure of an entire

integrated circuit device.

[ Summary]
At least one of the conductive lines in a dielectric layer over a substrate is recessed to

form a channel. The channel is self-aligned to the conductive line. The conductive line can be
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etched to a predetermined depth using a chemical to form the channel, wherein the chemical
comprises an inhibitor to provide uniformity of etching independent of crystallographic
orientation. A cover layer for preventing electromigration is deposited on the recessed
conductive line in the channel. The channel is configured to receive the cover layer within the

width of the conductive line.

[ Brief Description of Drawings ]

The invention has been described by way of example and not limitation with reference
to the accompanying drawings, and similar reference numerals represent similar elements in
the accompanying drawings, in which

FIG. 1A shows a cross-sectional view of a typical interconnect structure with a metal
electromigration cap.

FIG. 1B is a top view of a typical interconnect structure with a metal electromigration
cap.

FIG. 2A shows a cross-sectional view of a substrate used to fabricate an interconnect
structure in accordance with an embodiment of the present invention.

FIG. 2B is a view similar to FIG. 2A after forming a dielectric layer over the substrate
in accordance with an embodiment of the present invention.

FIG. 2C is a view similar to FIG. 2B after depositing a photoresist layer over the
dielectric layer and forming one or more openings in the dielectric layer in accordance with an
embodiment of the present invention.

FIG. 2D is a view similar to FIG. 2C after one or more openings are formed in the

dielectric layer in accordance with an embodiment of the present invention.
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FIG. 2E is a view similar to FIG. 2D after depositing a conductive layer over the
dielectric layer in accordance with an embodiment of the present invention.

FIG. 2F is a view similar to FIG. 2E after forming a patterned conductive line by
removing portions other than the conductive layer and the openings in the base layer from the
upper surface of the dielectric layer in accordance with an embodiment of the present invention.

FIG. 2G is a view similar to FIG. 2F after recessing a conductive line in a dielectric
layer over a substrate in accordance with an embodiment of the present invention.

FIG. 2H is a diagram similar to FIG. 2H 2G after electromigration is prevented by
selectively depositing the cover layers into the respective recessed conductive lines in the
channels in accordance with an embodiment of the present invention. .

FIG. 3A is a three-dimensional diagram 300 of an interconnect structure after the
conductive lines in a dielectric layer recessed into a substrate in accordance with an
embodiment of the present invention.

FIG. 3B is a diagram 310 similar to FIG. 3A after deposition of a cover layer to
respective channels formed by the recessed conductive lines in accordance with an embodiment
of the present invention.

Fig. 4 is a top view of an interconnect structure 400 of a cover layer in a via formed by
a recessed conductive line selectively deposited in a dielectric layer over a substrate in
accordance with an embodiment of the present invention.

FIG. 5 is a block diagram showing an embodiment of a data processing system.

[ Description of Embodiments ]
In the following description, numerous specific details are set forth, such as particular

materials or elements, in order to provide a thorough understanding of one or more
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embodiments of the invention. However, it should be understood by those skilled in the art that
the one or more embodiments of the invention may be practiced without the specific details. In
other instances, well-known matters of semiconductor processes, techniques, materials, or
equipment are not described in detail to avoid unnecessarily obscuring the description. Those
of ordinary skill in the art will be able to carry out appropriate functions without undue
experimentation.

While certain embodiments of the invention have been described and shown in the
drawings, it should be understood that the embodiments are only examples of, rather than
limitations to, the invention, and the invention is not limited to the illustrated and described
particular structures and configurations, because some modifications can be made by those
with the general knowledge of this technology.

References to "an embodiment,” "another embodiment,” or "an embodiment™ in this
specification are meant to mean that a particular feature, structure, or characteristic described
in a manner in connection with the embodiment is included in at least one embodiment of the
invention. Therefore, when the words "in an embodiment” or "for an embodiment" are used
throughout the specification, the same embodiments are not necessarily referred to.
Furthermore, the particular features, structures, or characteristics may be combined in any
suitable manner in one or more embodiments.

Further, the viewpoints of the present invention illustrate fewer features than all
features of a single embodiment disclosed. Therefore, the claims after the embodiments are
hereby expressly incorporated in this embodiment, so that each claim independently
corresponds to one respective embodiment of the present invention. Although the present
invention will be described with reference to a few embodiments, those skilled in the art can

understand that the invention is not limited to the embodiments described, but may be modified
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and varied within the spirit and scope of the appended claims. This description is therefore to
be considered as illustrative and not restrictive.

The present invention describes methods and apparatus for controlling line edge
roughness (LER) and line-to-line spacing when depositing self-aligning metal caps. At least
one conductive line is recessed to form a channel in a dielectric layer over a substrate. A cover
layer for preventing electromigration is deposited on the recessed conductive line in the
channel. The channel is self-aligned to the conductive line. The channel is configured to receive
the cover layer within the width of the conductive line. That is, the interconnect is recessed and
the cap growth is accommodated in a channel that self-aligns with the interconnect. As will be
described in further detail below, the conductive line can be etched to a predetermined depth
using a chemical to form the channel, wherein the chemical comprises an inhibitor providing
uniform etching independent of crystallographic orientation. The methods and apparatus
described herein can be used to control the increase in LER associated with selectively
deposited electromigration caps such as electroless cobalt caps. That is, an electroless cap can
be housed in a recess that self-aligns an interconnect, while preventing an increase in the LER
and a decrease in the line-to-line spacing typically associated with the electromigration cap
selectively deposited on the metal interconnect. When the increase in LER is eliminated and
the line-to-line spacing is prevented from being reduced, the risk of failure can be reduced, and
the manufacturing yield of a small-sized (e.g., nano-scale) electronic device can be improved.
The electronic devices can be computer system architecture devices such as transistors,
memories, logic devices, and the like, as well as any other integrated circuit and
microelectronic device.

FIG. 2A shows a cross-sectional view 200 of a substrate used to fabricate an

interconnect structure in accordance with an embodiment of the present invention. In one
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embodiment, substrate 201 comprises monocrystalline silicon. In one embodiment, substrate
201 includes a Silicon On Insulator (SOI). For alternative embodiments, the substrate may

comprise a

compound semiconductor such as indium phosphide, gallium arsenide, gallium nitride, silicon-
germanium, and silicon carbide. In another embodiment, substrate 201 can include, for
example, glass and quartz. Substrate 201 may comprise one or more metallization layers of
integrated circuits having active and passive devices such as transistors, switches,
optoelectronic devices, capacitors, resistors, interconnects (not shown), and the like. The one
or more metallization layers of the integrated circuits of substrate 201 may be isolated from
adjacent metallization layers by a dielectric material (not shown) such as an interlayer dielectric.
Vias (not shown) may electrically interconnect the adjacent metallization layers.

FIG. 2B is a view similar to FIG. 2A after forming a dielectric layer 203 over the
substrate 201 in accordance with an embodiment of the present invention. In one embodiment,
the dielectric layer 203 is an interlayer dielectric (ILD). In one embodiment, dielectric layer
203 is a low-k dielectric such as silicon dioxide, silicon oxide, carbon doped oxides (CDO), or
any combination of the above. In one embodiment, the dielectric layer 203 comprises a nitride,
an oxide, a polymer, a phosphosilicate glass, a fluorosilicate glass (SiOF), an organosilicate
glass (SIOCH), or any combination of the above. In an embodiment, the dielectric layer 203
comprises a spin-on low-k dielectric material. In an embodiment, the dielectric layer 203 is

silicon oxide.
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In another embodiment, the dielectric layer 203 is silicon nitride. Dielectric layer 203 can be
deposited using any suitable deposition technique. In one embodiment, the deposition of the
dielectric layer 203 can be performed using blanket deposition techniques such as chemical
vapor deposition (CVD), sputtering, spin coating, or another thin film deposition technique. In
one embodiment, the dielectric layer 203 is deposited to a thickness ranging from about 50
nanometers to 2 microns.

FIG. 2C is a view similar to FIG. 2B after depositing a photoresist layer 204 over
dielectric layer 203 and forming one or more openings in dielectric layer 203 in accordance
with an embodiment of the present invention. In one embodiment, as shown in FIG. 2C, a
photoresist layer 204 is deposited over a hard mask layer 202 formed over the dielectric layer
203. In another embodiment, the photoresist layer 204 is deposited directly onto the dielectric
layer 203. As shown in FIG. 2C, photoresist layer 204 and hard mask layer 202 are patterned
and etched to form openings such as openings 220. Patterning and etching of the photoresist
and hard masks is well known to those of ordinary skill in the art of microelectronic device
fabrication. Pattern generation and etching of the photoresist can be performed using one of
the techniques well known to those of ordinary skill in the art of microelectronic device
fabrication. The technique can include: masking the photoresist layer; exposing the masked
layer; and then developing portions that are not exposed to remove the exposed portions of the
photoresist layer to form an opening window in the photoresist layer. In one embodiment, the
process of exposure and photoresist layer removal can be performed in a plasma reactor. The
opening in the hard mask layer 202 may be etched using dry etching, wet etching, or any
combination of the above techniques, such as reactive ion etching (RIE), to expose a portion

of the dielectric layer 203.
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FIG. 2D is a diagram similar to FIG. 2C after one or more openings, such as openings
206, are formed in dielectric layer 203 in accordance with an embodiment of the present
invention. In an embodiment, such openings, such as openings 206, are implemented via
openings in dielectric layer 203, such as openings 220. In another embodiment, the openings
are formed by etching the dielectric layer through the openings in the patterned photoresist 204
deposited directly onto the dielectric layer 203. In an embodiment, an opening such as a trench
or the like in the dielectric layer 203 is formed using anisotropic dry etching such as laser
etching. In another embodiment, the openings in the dielectric layer 203 are formed using dry
etching, wet etching, or a combination of techniques known to those of ordinary skill in the art
of microelectronic device fabrication. In one embodiment, the openings in the dielectric layer
203 have a width ranging from about 0.005 micrometers (um) to 5 um, and a depth ranging
from about 0.005 pm to 10 um. In one embodiment, the size of the conductive lines formed
later in the ILD 203 during the process determines the size of the openings.

After the openings such as openings 206 are formed, the photoresist and the hard mask
are removed. Removal of the photoresist and hard mask from the dielectric layer 203 is well
known to those of ordinary skill in the art of microelectronic device fabrication. In one
embodiment, the photoresist and hard mask can be removed using a chemical technique, a
mechanical technique, or both.

FIG. 2E is a view similar to FIG. 2D after deposition of a conductive layer 205 over
dielectric layer 203 in accordance with an embodiment of the present invention. As shown in
FIG. 2E, the formation of conductive layer 205 involves filling one or more openings in
dielectric layer 203 with a conductive material to form one or more conductive lines. In one
embodiment, an inner sidewall and a base layer (not shown) at the bottom for covering the

openings are first deposited on the dielectric layer 203, and then a conductive layer 205 is
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deposited on the base layer. In one embodiment, the base layer comprises a conductive seed
layer deposited on a conductive barrier layer (not shown). The seed layer may comprise copper,
and the conductive barrier layer may comprise aluminum, titanium, tantalum, tantalum nitride,
and the like. The conductive barrier layer can be used to prevent the conductive material from
diffusing from the seed layer such as copper to the ILD 203. Additionally, the conductive
barrier layer can be used to provide adhesion of the seed layer (e.g., copper). In one
embodiment, to form the base layer, the conductive barrier layer is deposited onto the dielectric
layer 203 to cover the sidewalls and bottom of the openings, and then the seed layer is deposited
on the conductive barrier layer. In another embodiment, the conductive base layer comprises
the seed layer deposited directly onto the dielectric layer 203 to cover the sidewalls and bottom
of the openings. Each of the conductive barrier layer and the seed layer can be deposited using
any thin film deposition technique known to those of ordinary skill in the art of semiconductor
fabrication (e.g., thin film deposition techniques such as sputtering, blanket deposition, etc.).
In one embodiment, each of the conductive barrier layer and the seed layer has a thickness
ranging from about 1 to 100 nanometers. In an embodiment, the barrier layer may be a thin
dielectric that is etched to establish conductivity to the underlying metal layer. In an
embodiment, the barrier layer can be omitted altogether, and a "self-forming" barrier can be
made using appropriate doping of the copper wire.

Conductive layer 205 fills the openings, such as openings 206, and covers portions of
the base layer (not shown) that are outside of the openings on top of the dielectric layer 203.
In one embodiment, a conductive layer 205, such as copper, is deposited onto the seed layer of

the copper base layer by an electroplating process. In one embodiment, the conductive layer
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205 is deposited into the openings using a damascene process known to those of ordinary skill
in the art of microelectronic device fabrication. In one embodiment, a conductive layer 205 is
deposited onto the seed layer using one of the selective deposition techniques known to those
of ordinary skill in the art of semiconductor fabrication, such as electroplating, electroless
plating, and the like. In one embodiment, the choice of material for the conductive layer 205
determines the choice of material for the seed layer. For example, if the material of the
conductive layer 205 contains copper, the material of the seed layer also contains copper. In an
embodiment, the conductive layer 205 includes, for example, copper (Cu), ruthenium (Ru),
nickel (Ni), cobalt (Co), chromium (Cr), iron (Fe), manganese (Mn), titanium (Ti). aluminum
(Al), hafnium (Hf), tantalum (Ta), tungsten (W), vanadium (V), molybdenum (Mo), palladium
(Pd), gold (Au), silver (Ag), platinum (Pt) , or any combination of the above.

FIG. 2F is a view similar to FIG. 2E after forming a patterned conductive line, such as
conductive line 208, by removing portions other than the conductive layer 205 and the openings
in the base layer from the upper surface of the dielectric layer 203 in accordance with an
embodiment of the present invention. Chemical means (for example, using an etching method),
mechanical means (for example, a grinding method), or a combination of such techniques (for
example, using a chemical-mechanical polishing (CMP) conventionally known to those skilled
in the art of microelectronic device manufacturing) can be used to remove portions of the
conductive layer 205. In one embodiment, one or more patterned conductive lines are formed
in dielectric layer 203 using the methods previously described. In another embodiment,
patterning and etching are performed on the conductive layers deposited on the upper surface

of the dielectric layer 203 to form the conductive lines. Patterning and etching of the conductive
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layer deposited on the upper surface of dielectric layer 203 is well known to those of ordinary
skill in the art of microelectronic device fabrication. In one embodiment, the thickness of the
conductive line, such as thickness 211, is in the range of approximately 0.015 microns to 1
micron. In one embodiment, the width of the conductive line, such as width 209, is in the range
of from about 5 nanometers to about 500 nanometers. In one embodiment, the spacing between
the electrically conductive lines, such as spacing 207, is from about 5 nanometers to about 500
nanometers. In one embodiment, the spacing between the electrically conductive lines is from
about 2 nanometers to about 100 nanometers.

FIG. 2G is a diagram similar to FIG. 2F after recessing a conductive line such as
conductive line 208 in a dielectric layer over a substrate in accordance with an embodiment of
the present invention. As shown in FIG. 2G, a channel such as the channel 212 is formed in the
dielectric layer 203. As shown in Fig. 2G, the vias such as vias 212 have sidewalls such as
sidewalls 214 and 216 formed by the dielectric layer 203, and bottoms formed by respective
conductive lines such as bottom 218 formed by conductive lines 208.

In an embodiment, the channel has a depth such as a depth 213 from about 5 nanometers
to about 50 nanometers. In one embodiment, the depth of the channel is from about 2
nanometers to about 20 nanometers. In one embodiment, the channel has a depth from about
10% to about 50% of the thickness of the conductive line, such as thickness 211 shown in FIG.
2F. In an embodiment, as will be described in further detail below, the conductive lines are

recessed to a depth that is determined according to the thickness of the cover layer.

868948-2 -12 -
Page 16 of 95



201804569

FIG. 3A is a three-dimensional diagram 300 of an interconnection structure after a
conductive line such as a conductive line 305 and a conductive line 304 in a dielectric layer
303 recessed over a substrate 301 in accordance with an embodiment of the present invention..
Substrate 301, dielectric layer 303, and conductive lines 305 and 304 can be any of respective
substrates, dielectric layers, and conductive lines such as those previously described. As shown
in FIG. 3A, the conductive lines are recessed, and a channel such as a channel 302 and a channel
307 is formed in the dielectric layer 303 above the substrate 301. As shown in FIG. 3A, the
channels self-align with the respective conductive lines. For example, channel 307 self-aligns
with conductive line 305, and channel 302 self-aligns with conductive line 304. As shown in
FIG. 3A, the length of the channel, such as length 315, is along the length of the conductive
line, and the length of the channel, such as width 317, is along the width of the conductive line.
In an embodiment, the length of the channel is substantially greater than the width of the
channel. In one embodiment, the width of the channel is less than 100 nanometers, and the
length of the channel is at least 500 nanometers. In one embodiment, the width of the channel
is from about 5 nanometers to about 500 nanometers, and the length of the channel is from
about a few hundred nanometers to about several hundred micrometers. As shown in FIG. 3A,
the conductive lines such as the conductive lines 305 and 304 are separated by a distance such
as the interval 309. In one embodiment, the spacing between the conductive lines, such as the
conductive lines 305 and 304, is from about 5 nanometers to about 500 nanometers. In one
embodiment, the spacing between the conductive lines, such as the conductive lines 305 and
304, is from about 2 nanometers to about 100 nanometers.

In one embodiment, recessing conductive lines such as lines 208, lines 304, and 305

involves uniformly wet etching the conductive lines using a chemical comprising an etchant,
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oxidant, an inhibitor, and a solvent in a manner that is independent of crystal orientation. That
IS, when an inhibitor and a solvent are added to the etchant, a passivation layer (not shown)
may be formed on the conductive material during etching, and the conductive material is
uniformly etched in a manner independent of crystal orientation. The wet etching chemical
comprising an etchant, an oxidant, an inhibitor, and a solvent can control the etch depth of the
conductive line, and thus can only recess a portion of the conductive line (for example, 5% to
50%).

In one embodiment, the chemical used to wet etch the conductive lines to provide a
channel having no pattern dependency and crystal orientation preference comprises an etchant
having a mass of from about 1% to about 40%, an oxidant with a mass of from about 1% to
about 10%, an inhibitor with a mass of from about 0.1% to about 1%, and an organic solvent
with a mass of from about 1% to about 60%. In one embodiment, the chemical used to wet etch
the conductive lines comprises an etchant having a mass from about 0.1% to about 70%
(depending on the etching rate of the etchant), and an oxidant with a mass of from about 0.1%
to about 10% (depending on the strength of the oxidant), an inhibitor with a mass of from about
50 parts per million (50 ppm) to about 1%, and a solvent with a mass of from about 1% to
about 60%.

In one embodiment, the chemical used to etch the conductive lines may include an
etchant such as glycine, ethylenediaminetetraacetic acid, alpha-amino acid, polycarboxylic

acid, or any combination of the above; an oxide such as peroxide, 0zone, permanganate,
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chromate, perborate, hypohalite, or any combination of the above; an inhibitor such as azole,
amine, amino acid, phosphate, phosphonate, or any combination of the above; and a solvent.
The solvent may be an aqueous system (preferably) such as water or an organic solvent.
Examples of the organic solvent are organic solvents of propylene carbonate, sulfolane, glycol
ether, and methylene chloride.

For example, with respect to an etchant in a chemical used to etch copper conductive
lines, the copper metal is typically in a zero oxidation state. In order to etch copper, it is
necessary to oxidize copper to a 0+n oxidation state, where n can be any of 1, 2, 3, or 4. The
first oxidation state and the second oxidation state are generally the more common oxidation
states of copper. For any molecule that is used as an etchant, the molecule must be capable of
binding to copper in any of the oxidation states 1, 2, 3, or 4. This binding is usually carried out
using a Group 15 (nitrogen), Group 16 (oxygen), or Group 17 (halogen) atom in one molecule.
In one embodiment, the etchant used to etch the copper conductive lines is an organic etchant
such as any of glycine, ethylenediaminetetraacetic acid, alpha-amino acids, polycarboxylic
acids (e.qg., citric acid as a tricarboxylic acid), oxalic acid, and malonic acid.

For example, an oxidant in the chemical used to etch copper conductive lines is used

to change the copper oxidation state from insoluble copper metal to soluble copper ions. The
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oxidant can be selected from any oxidant such as any peroxide (e.g., hydrogen peroxide), ozone,
permanganate, chromate, perborate, and hypohalite.

For example, in order to etch the copper constituting the current carrying line in a
uniform and without crystal orientation, it is important to add an inhibitor to the chemical. The
role of the inhibitor is to form a passivation layer (a polymeric compound formed from the
molecules of the inhibitor is used to bind the copper in a specific and periodic manner). The
formation of the passivation layer during controlled etching of copper is extremely important
to ensure uniformity of etching and to prevent etch attack (e.g., formation of voids) along the
crystalline boundary (e.g., grain boundary). For example, any inhibitor that does not
decompose in the selected oxidant and etchant can be used in the chemical for etching the
copper conductive line. The class of inhibitors is known to those of ordinary skill in the art of
fabrication of sub-devices. For example, any organic inhibitor including azole, amine, amino
acid, phosphate, and phosphonate is used in the chemical for etching the copper conductive
wire.

In another embodiment, the copper conductive lines are recessed by means of wet
etching using a chemical comprising citric acid and a peroxide therein. However, chemicals
containing citric acid and peroxides often have high etching rates that can be difficult to control.
In addition, the etching rate of the chemical comprising citric acid and peroxide depends on
the crystallographic orientation that may result in a rough etched surface. When a corrosion
inhibitor such as benzothiazole (BTA) is added to the chemical, dilution of the citric acid and
the peroxide in the organic solvent can greatly slow down the etching rate and eliminate the
crystalline nature of the etching, for example, eliminate etching holes in the copper along the

grain boundaries to produce a smooth surface.
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In one embodiment, the conductive lines are recessed by means of wet etching that
includes spraying or pouring the etch chemical onto the conductive lines. In one embodiment,
the conductive lines are recessed by a wet etching process in which the conductive lines are
immersed in the etch chemical solution. In one embodiment, the wet etching is performed at a
temperature of from about 15 degrees Celsius to about 50 degrees Celsius for a predetermined
time to recess the conductive lines. In at least some embodiments, the conductive lines are
recessed by dry etching, such as plasma etching.

FIG. 2H is a diagram similar to FIG. 2G after electromigration is prevented by
selectively depositing the cover layers into the respective recessed conductive lines in the
channels in accordance with an embodiment of the present invention. The conductive lines
etched using the chemical described above have a smooth and uniform upper surface to which
the cover layer can be adhered. As shown in FIG. 2H, a cover layer 215 is deposited onto the
recessed conductive lines 208 in the channel 212. In an embodiment, a channel, such as channel
212, is configured to accommodate a cover layer within a width of the cover layer, such as
width 209 shown in FIG. 2F. That is, the recessed conductive lines create channels that
accommaodate the growth of the cover layer within the channels, thereby reducing line-to-line
spacing decrease and LER increase. As shown in FIG. 2H, the cover layer 215 is disposed over
the conductive lines 208 in the sidewalls of the channel 212. In one embodiment, the cover
layer is deposited onto the recessed conductive line by using electroless plating (e.g., plating),
chemical vapor deposition (CVD), physical vapor deposition (PVD), or any other selective
deposition technique known to those skilled in the art of electronic device fabrication
techniques. In one embodiment, the conductive line such as the line 208 comprises a first metal,

and the cover layer comprises a second metal different from the first metal, while the second
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metal is used to prevent electromigration from the first metal of the conductive line. In one
embodiment, the metal used for the cover layer is heavier than the metal used for the conductive
line to prevent electromigration.

For example, the conductive line can be made of any metal including copper or
aluminum. In one embodiment, the cover layer such as the cover layer 215 is made of cobalt
(Co), such as electroless cobalt alloys like cobalt borophosphide (CoBP), cobalt tungsten
borophosphide (CoWBP), cobalt tungsten phosphide (CoWP), cobalt tungsten boride (CoWB),
cobalt tungsten phosphate (CoWP), or any combination of the above. In another embodiment,
the cover layer such as the cover layer 215 is made of nickel (Ni), such as electroless nickel
alloys like nickel borophosphide (NiBP), nickel tungsten borophosphide (NiWBP), nickel
tungsten phosphide (NiWP), nickel tungsten boride (NiWB), nickel tungsten phosphide
(NiIWP), or any combination of the above. In another embodiment, the cover layer such as the
cover layer 215 is made of a platinum (Pt) group metal such as platinum (Pt), palladium (Pd),
ruthenium (Ru), iridium (Ir), rhodium (Rh), etc. in the form of a pure element or alloys. Typical
alloying elements for platinum (Pt) group metals are tungsten (W), boron (B), and phosphorus
(P). In still another embodiment, the cover layer such as the cover layer 215 is made of a
refractory metal such as tantalum (Ta), tungsten (W), molybdenum (Mo), or a combination
thereof.

In one embodiment, a cobalt cover layer is deposited into a channel on the recessed
copper conductive layer. In one embodiment, a nickel cover layer is deposited into a channel
on the recessed copper conductive layer. In one embodiment, a refractory metal cover layer is

deposited into a channel on the recessed copper conductive layer.
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In one embodiment, the cover layer containing a platinum (Pt) group, cobalt, nickel, or
a combination of the foregoing is deposited onto the conductive layers such as copper,
aluminum, and the like using any deposition technique of electroless deposition and vapor
deposition such as chemical vapor deposition (CVD). In one embodiment, in one embodiment,
such cover layers including refractory metals are deposited onto the conductive layers such as
copper, aluminum, etc., using any of the CVD and PVD techniques known to those of ordinary
skill in the art of electronic device fabrication. In one embodiment, the thickness of the cover
layer, such as thickness 221, is from about 2 nanometers to about 50 nanometers. In an
embodiment, the cover layer has a thickness sufficient to prevent electromigration from the
underlying conductive layer. In an embodiment, the cover layer has a thickness no greater than
the depth of the channel in which the cover layer is deposited.

FIG. 3B is a diagram 310 similar to FIG. 3A after deposition of a cover layer to
respective channels formed by the recessed conductive lines in accordance with an embodiment
of the present invention. As shown in FIG. 3B, a cover layer such as cover layers 311 and 319
is selectively deposited to respective channels such as channel 302 and channel 307 in the
manner previously described. As shown in FIG. 3A, the cover layers are housed in their
respective channels. As shown in FIG. 3B, the interval 309 isolates the cover layer 319 from
the cover layer 311. In one embodiment, the spacing between the conductive lines 305 and 304
and the spacing between the cover layers 319 and 311 are the same.

FIG. 4 is a top view of an interconnect structure 400 of a cover layer in a channel
formed by recessed conductive lines in a dielectric layer 401 selectively deposited onto a
substrate in accordance with an embodiment of the present invention. As shown in FIG. 4, the

LERSs of the interconnect lines, such as interconnect 403, are substantially reduced, the edges
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of the interconnect lines are smooth, and line-to-line spacing such as line-to-line spacing 405
is increased and kept between the lines. In one embodiment, the line-to-line spacing is
increased by 2 times of the cap thickness. This can result in a significant reduction in electric
field and dielectric breakdown time, especially for future technology nodes with 20 nanometer
lines and 20 nanometer spacing. The minimum cap thickness that is currently known to be
feasible is 5 nm. This means that under the traditional method, the line-to-line spacing drawn
on the mask will be 10 nm instead of 20 nm. In addition, the size of the outer edge projection
is currently often about 50% of the cap thickness. For a typical cap thickness of 5-10 nm, the
LER can be reduced by 3-5 nm using the method described above, regardless of the line width.
For future 20 nm technology nodes, a 3-5 nm reduction in LER can result in a 15-20% increase
in the line-to-line spacing of the interconnect structure.

FIG. 5 illustrates a block diagram of an embodiment of a data processing system 500
having a memory such as a transistor, memory 504 and memory 518, processing logic devices
such as processing logic device 526, and any other integrated circuit and microelectronic device
constructed using the methods described above. As shown in FIG. 5, the data processing system
500 includes a processor 502 having processing logic 526. In at least some embodiments,
processing logic 526 includes: at least one conductive line in a dielectric layer over a substrate;
a channel in the dielectric layer and above the conductive line; and a cover layer on the at least
one conductive line in the channel, the cover layer preventing electromigration in the manner

previously described. In at least some embodiments, each of the memories 504 and 518
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includes: at least one conductive line in a dielectric layer over a substrate; a channel in the
dielectric layer and above the conductive line; and a cover layer on the at least one conductive
line in the channel, the cover layer preventing electromigration in a manner previously
described.

In an alternative embodiment, the data processing system can be connected (e.g., wired
to) a local area network (LAN), an intranet, or an inter-enterprise network ( Extranet), or other
machines on the Internet. The data processing system can operate as a server or a client machine
in a master-slave network environment, or operate as a machine of the same class in a peer-to-
peer network (or distributed network). The data processing system may be a personal computer
(PC), a tablet personal computer, a set-top box (STB), a personal digital assistant (PDA), a
mobile phone, a network device, a server, a network router, a switch or bridge, or any machine
capable of executing a set of instructions (sequential or in other forms) that can specify actions
to be accepted by the data processing system. Moreover, although only a single data processing
system is shown, the term "data processing system" will also be understood to include data
processing systems for performing, individually or in combination, any set of one group (or
multiple groups) of instructions for performing any one or more of the methods described in
the present invention. A.

The exemplary data processing system 500 includes a processor 502, a main memory

504 (e.g., Read Only Memory (ROM), flash memory, and Dynamic Random Access Memory
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(DRAM) such as Synchronous DRAM (SDRAM) or Rambus DRAM (RDRAM)), a static
memory 506 (e.g., flash memory and static random access memory (SRAM)), and an auxiliary
memory 518 (for example, a data storage device) that communicate with each other via a bus
530.

The processor 502 represents one or more general purpose processing devices such as
a microprocessor or central processing unit. More specifically, the processor 502 can be a
Complex Instruction Set Computing (CISC) microprocessor, a Reduced Instruction Set
Computing (RISC) microprocessor, a Long Instruction Word (VLIW) microprocessor, a
processor that implements other instruction sets, or a processor that implements a combination
of some instruction sets. The processor 502 may also be an Application Specific Integrated
Circuit (ASIC), a Field-Programmable Gate Array (FPGA), a Digital Signal Processor (DSP),
or one or more special purpose processing devices such as a network processor. The processor

502 is configured to process logic 526 to perform the operations described herein.
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The computer system 500 can further include a network interface device 508. The
computer system 500 can also include a video display unit 510 (for example, a liquid crystal
display (LCD), a light emitting diode display (LED), or a cathode ray tube (CRT), a digital
input device 512 (for example, a keyboard), a cursor control device 514 (for example, a mouse),
and a signal generating device 516 (for example, a speaker).

The auxiliary memory 518 can include a machine-accessible storage medium (or, in
particular, a computer-readable storage medium) 531, the machine-accessible medium storing
one or more sets of instructions or functions (e.g., software 522) for implementing any one or
more of the methods or functions in the methods or functions described herein. During
execution of software 522 by computer system 500, software 522 may be stored entirely or at
least partially within main memory 504 and/or processor 502, where main memory 504 and
processor 502 also constitute machine readable storage media. Software 522 can be further
transmitted or received via network interface device 508 and a network 520.

Although the machine-accessible storage medium 531 is illustrated as a single medium
in one embodiment, the term "machine-readable storage medium” shall be construed to include
a single medium or multiple media (e.g., centralized or decentralized repositories and/or
associated caches and servers) for storing one or more sets of instructions. The term "machine
readable storage medium™ shall also be construed to include any medium capable of storing or
encoding a set of instructions for execution by a machine and causing the machine to perform

any one or more of the methods of the present invention. The term "machine readable storage
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medium™ is thus to be understood to include, but is not limited to, solid state memory, optical
media, and magnetic media.

In an alternative embodiment, FIG. 5 illustrates a computing device 500. The
computing device 500 is provided with a board 530. The board can include some components
including, but not limited to, a processor 502 and at least one communication chip 508.
Processor 502 is physically and electrically coupled to the board 530. In some embodiments,
the at least one communication chip is also physically and electrically coupled to the board 530.
In a further embodiment, the communication chip 508 is integrated within the processor 502.

Computing device 500 can include other components that may or may not be physically
and electrically coupled to board 530 depending on its application. These other components
include, but are not limited to, volatile memory (e.g., DRAM), non-volatile memory (e.g.,
ROM), flash memory, graphics processors, digital signal processors, cryptographic processors,
chipsets , antennas, displays, touch screen controllers, batteries, audio codec, video codec,
power amplifiers, Global Positioning System (GPS) devices, compasses, accelerometers,
gyroscopes, speakers, cameras, and a large number of storage devices (such as hard disk drives,
solid state drives, CD players, and Digital Versatile Disk (DVD) players).

The communication chip 508 is capable of performing wireless communication to
transfer data into and out of the computing device 500. The term "wireless” and derivatives

thereof can be used to describe items of circuitry, devices, systems, methods, techniques, or
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communication channels that can utilize modulated electromagnetic radiation through a non-
solid medium. The term does not mean that relevant devices do not contain any wires, but such
devices may not include any wires in some embodiments. The communication chip 508 can
implement any wireless standard or protocol including, but not limited to, Wi-Fi (IEEE 802.11
series), WIMAX (IEEE 802.16 series), IEEE 802.20, Long Term Evolution (LTE), evolution
data optimization ( Ev-DO), Enhanced High Speed Packet Access Network (HSPA+),
Enhanced High Speed Downlink Packet Access (HSDPA+), Enhanced High Speed Uplink
Packet Access (HSUPA+), Enhanced Data GSM Environment (EDGE), Global Operations
Communication System (GSM), General Packet Radio Service (GPRS), Code-Division
Multiple Access (CDMA), Time Division Multiple Access (TDMA), Digital Enhanced
Cordless Telecommunications (DECT), Bluetooth, derivative standards or protocols of the
above, and wireless standards or protocols of any other wireless protocols known as third
generation (3G), fourth generation (4G), fifth generation (5G), and future generations.
Computing device 500 can include a plurality of communication chips 508. For example, a
first communication chip 508 can be dedicated to short-range wireless communication such as
Wi-Fi and Bluetooth, and a second communication chip 1006 can be dedicated to long-distance
wireless communications such as GPS, EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and
other wireless communications.

Processor 502 of computing device 500 includes an integrated circuit die packaged
within processor 502. In some embodiments of the invention, the integrated circuit die of the
processor comprises one or more devices, such as a transistor or a metal interconnect, wherein

the one or more devices are formed by using the method and apparatus that control line edge
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roughness and line-to-line spacing during deposition of self-aligning metal caps in the manner
in accordance with the invention. The term "processor” may refer to any device used to process
electronic data from a register and/or memory and convert the electronic data into other
electronic data that can be stored in a register and/or memory or part of the device.

The communication chip 508 also includes an integrated circuit die that is packaged
within the communication chip 508. In accordance with another embodiment of the present
invention, the integrated circuit die of the communication chip includes one or more devices
such as a transistor or a metal interconnect, wherein the one or more devices are formed by
using the method and apparatus that control line edge roughness and line-to-line spacing during
deposition of self-aligning metal caps in the manner in accordance with the invention.

In a further embodiment, additional components disposed within the computing device
500 can include an integrated circuit die that includes one or more devices, such as a transistor
or metal interconnect, wherein the one or more devices are formed by using the method and
apparatus that control line edge roughness and line-to-line spacing during deposition of self-
aligning metal caps in the manner in accordance with the invention.

In various embodiments, the computing device 500 can be a laptop, a simple laptop, a
notebook, an ultra-thin notebook, a smartphone, a tablet, a personal digital assistant (PDA), a
super mobile personal computer, a mobile phone, a desktop, a server, a printer, a scanner, a
monitor, a set-top box, an entertainment control unit, a digital camera, a portable music player,
or a digital video recorder. In a further embodiment, the computing device 500 can be any other
electronic device used to process data.

In the previous specification, embodiments of the invention have been described with
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reference to the specific embodiments of the invention. It is apparent that various modifications
may be made to the embodiments of the invention without departing from the broad scope of
the invention according to the appended claims. Accordingly, the specification and drawings

are to be regarded as illustrative, rather than restrictive.

[ List of Reference Numerals}

101: Dielectric substrate

103, 104: Line

105, 107: Line spacing
111-113: Cap

109: Outer edge projection
121, 201, 301: Substrate

123, 403: Interconnect line
125, 405: Line to line interval
203, 303, 401: Dielectric layer
204: Photoresist layer

202: Hard mask layer

206, 220: Opening

205: Conductive layer

208, 304, 305: Conductive line
211, 221: Thickness

209, 317: Width

207, 309: Interval

212, 302, 307: Channel
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214,

213:

315:

215,

400:

500:

504:

526:

502:

506:

518:

530:

508:

510:

512:

514:

516:

531:

522:

520:

530:

216: Sidewall

Depth

Length

311, 319: Cover layer
Interconnect structure
Data Processing System
Memory

Processing logic
processor

Static memory

Auxiliary memory

Bus bar

Network interface device
Video display unit
Digital input device
Cursor control device
Signal generator
Device-accessible storage media
Software

Network

Board

1006: Communication chip

868948-2
Page 32 of 95

-28 -



201804569

Claims

1. Anintegrated circuit structure comprising:
a dielectric layer having an upper surface, the dielectric layer comprising silicon,
oxygen, and carbon; and
a conductive structure in the dielectric layer, the conductive structure comprising:

a first conductive material comprising copper, the first conductive material
having an upper surface, and a portion of the upper surface of the first conductive material
being below a portion of the upper surface of the dielectric layer; and

a second conductive material on the upper surface of the first conductive
material, the second conductive material comprising cobalt, wherein the first conductive
material and the second conductive material have the same width at a position where the first
conductive material and the second conductive material meet, wherein the second conductive
material has an upper surface having a portion that is substantially coplanar with a portion of
the upper surface of the dielectric layer, and wherein the upper surface of the second
conductive material has a curved corner below the portion of the upper surface of the
dielectric layer; and

a barrier layer partially surrounding the electrically conductive structure, the barrier

layer comprising tantalum.

2. The integrated circuit structure of claim 1, wherein the barrier layer further comprises

nitrogen.

3. The integrated circuit structure of claim 1, wherein the second conductive material

further comprises boron.

4. The integrated circuit structure of claim 3, wherein the second conductive material

further comprises phosphorus.

5. The integrated circuit structure of claim 3, wherein the second conductive material

further comprises tungsten.
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6. The integrated circuit structure of claim 3, wherein the second conductive material

further comprises tungsten and phosphorus.

7. The integrated circuit structure of claim 1, wherein the second conductive material

further comprises phosphorus.

8. The integrated circuit structure of claim 7, wherein the second conductive material

further comprises tungsten.

9. A method of fabricating an integrated circuit structure, the method comprising the steps

of:

forming a dielectric layer comprising silicon, oxygen, and carbon;

forming a trench in the dielectric layer; forming a barrier layer in the trench, the barrier
layer comprising tantalum;

forming a first conductive material in the barrier layer, the first conductive material
comprising copper;

recessing the first conductive material below a portion of an upper surface of the
dielectric layer; and

forming a second conductive material on the upper surface of the recessed first
conductive material, the second conductive material comprising cobalt, wherein the first
conductive material and the second conductive material have the same width at a position
where the first conductive material and the second conductive material meet, and wherein the
upper surface of the second electrically conductive material has a curved corner below the

portion of the upper surface of the dielectric layer.
10. The method of claim 9, wherein the step of recessing the first conductive material
below the portion of the upper surface of the dielectric layer comprises using a wet etch

process.

11. The method of claim 9, wherein the barrier layer further comprises nitrogen.
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12. The method of claim 9, wherein the second conductive material further comprises

boron.

13. The method of claim 12, wherein the second electrically conductive material further

comprises phosphorus.

14. The method of claim 12, wherein the second conductive material further comprises

tungsten.

15. The method of claim 12, wherein the second conductive material further comprises
tungsten and phosphorus.

16. The method of claim 9, wherein the second electrically conductive material further

comprises phosphorus.

17. The method of claim 16, wherein the second conductive material further comprises

tungsten.

18. An apparatus for preventing electromigration, comprising:

a substrate;

a dielectric layer over the substrate;

at least one trench in the dielectric layer, the trench having a dielectric sidewall,

a conductive material in the at least one trench, the conductive material comprising
copper and cobalt,

a cover region on the conductive material and a portion of the dielectric sidewall over
the conductive material, wherein the cover region comprises a rounded corner part facing the

conductive material.

19. The apparatus of claim 18, wherein the top of the cover region adjacent to the
dielectric layer is no higher than a top boundary of the dielectric layer adjacent to the cover

region.
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20. The apparatus of claim 18, wherein the electrically conductive material is no higher
than a top boundary of the dielectric layer located adjacent the electrically conductive

material.

21. The apparatus of claim 18, further comprising: a barrier layer interposed between the

conductive material and the dielectric sidewall of the at least one trench.
22. The apparatus of claim 18, wherein the cover region comprises cobalt.
23. The apparatus of claim 18, wherein the dielectric layer comprises a low-k material.

24. The apparatus of claim 18, wherein the dielectric layer comprises silicon, oxygen, and

carbon.
25. The apparatus of claim 18, wherein the substrate comprises a semiconductor material.
26. The apparatus of claim 18, wherein the conductive material is part of an interconnect.

27. The apparatus of claim 18, wherein the dielectric layer comprises a carbon-doped

silicon oxide.

28. A data processing system comprising

a chip comprising an electronic device comprising a substrate;

a dielectric layer over the substrate;

at least one trench in the dielectric layer, the trench having a dielectric sidewall,;

a conductive material in the at least one trench, the conductive material comprising copper
and cobalt; and

a cover region on the conductive material and a portion of the dielectric sidewall over the
conductive material, wherein the cover region includes a rounded corner facing the conductive

material.

868948-2 4 -
Page 36 of 95



201804569

29. The data processing system of claim 28, wherein a top of the cover region adjacent to
the dielectric layer is no higher than a top boundary of the dielectric layer adjacent the cover

region.

30. The data processing system of claim 28, wherein the conductive material is no higher

than a top boundary of the dielectric layer located adjacent to the conductive material.

31. The data processing system of claim 28, wherein the electronic device further
comprises a barrier layer between the conductive material and the dielectric sidewall of the at
least one trench.

32. The data processing system of claim 28, wherein the cover region comprises cobalt.

33. The data processing system of claim 28, wherein the dielectric layer comprises a low-k

material.

34. The data processing system of claim 28, wherein the dielectric layer comprises silicon,

oxygen, and carbon.

35. The data processing system of claim 28, wherein the substrate comprises a

semiconductor material.

36. A data processing system as claimed in claim 28, wherein the conductive material is

part of an interconnection.

37. The data processing system of claim 28, wherein the dielectric layer comprises a

carbon-doped silicon oxide.
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At least one conductive line in a dielectric layer over a substrate is recessed to form a channel. The
channel is self-aligned to the conductive line. The channel can be formed by etching the conductive line to
a predetermined depth using a chemistry comprising an inhibitor to provide uniformity of etching
independent of a crystallographic orientation. A capping layer to prevent electromigration is deposited on
the recessed conductive line in the channel. The channel is configured to contain the capping layer within

the width of the conductive line.
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At least one conductive line in a dielectric layer over a substrate is recessed to form a
channel. The channel is self-aligned to the conductive line. The channel can be formed by
etching the conductive line to a predetermined depth using a chemistry comprising an inhibitor
to provide uniformity of etching independent of a crystallographic orientation. A capping layer
to prevent electromigration is deposited on the recessed conductive line in the channel. The

channel is configured to contain the capping layer within the width of the conductive line.
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B~ ZEMHZ NS LBECEOEERINTEE
%M B2 (Line Edge Roughness; fif# LER) > Hk4
THEMRMRE - WH 1B BT BRUESHER 125 %
MM ERER A S E B E - QMKW LER REDHNH
EREBAE RS EES BN TSR ERAWEE » B8
M7 TS e EEEEREE NN ERER AR -

[HEBHAZE]
f—EMcEW—NERETZES—EERMA > W
BHR—BE  ZEBEERERTEZEER  HWHEMH K2
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B EERAEANE —FHERE r MPRFZEE  EF X
th 2 Bl & a — #oH A - B DL ST HEE &
( crystallographic orientation) EREWEI A 2B 5% - £
i E P E M W B KT 1k E
B - ZBEMEERRBZBEEEAEMT

‘iﬁﬁ@g{
3
N
)'ﬁrﬁl
s

Z>P

CEYEELD

E2EE K EmMURAEERM S HFRDHET AR
P EHSWE T MENREETEMNGTE - Eh

1A BEEESEEESE N — 50 T A —
5 17 T B -

% 1B ERELSBEEBEN — 05 5 &8s —
EEE |

B O2A BRI ERRABE B —E
A — M — I A -

55 2B [ R AR 98 K 58 U 1Y — O G O T ZE B KM 2 b
B— N BB RNENRE A —H -

% 2C BEREBABTEN —&EmoATMHES) BT -
W RHBTAESNER TR — &% EE 02 %0E
B 2B Bz —E -

4 2D BRMEABHN - FHATHESLNLEEY
BT — RS EE DY BEEMNRE 2C B2 —F -

% 2F BRBRBABHN —EHATEZNEES -
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WET —SERZGOEMNE 2D HL—H -

% OF B R IR 38K 5 U9 00 — B 06 B 4 B RN R A
PREERGEEFRUESF T L HEWO 20—
BATMYRAEENSEHRLAWEUNRE 28 Bz —
5 -

% 26 BRMBABYN —FHATHE— 62 L
~NEETNASERZBOANNE 2F L —H -

% 2H BRMBAREN —HHATMERLSEER
RN B PR PN Ry o
EEBZBOAMUNE 26 Bz —H -

% 3A ERREABHN—HEATHENA — L2
INCEPR Y EFS -2 L4 FAYIRS-4 15 et 1
300 -

5% 3B [ 2 AR A 5 ) A — 0 90 T 7E 14 T 35 U U7
SHSHMANERYROEHBEELBROEURSE 3A B
< — & 310 -

5 4 [ 2 IR R 5 U B9 — G B 7T B R 2 4 s
BB — S 2 b — R A B R Y B S
N EERL —DEREE 4002 EHE -

% SERE—ERNBEBERRN —HHHL—HRE -

JEB

[ & 575 =]
ETXHEPAFR  EETHEUFREM K THERTF
WErZ e eme > LUERESAFHN S ﬂ%ﬁ‘tﬁ%z
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BET® - AT S EREEE — B8R M T
MAEREEERERANEY FERARHN%— %%
BHEP - EEM ST R PSR - -
PR RREENEMEE DRRELEREE T AR
W MG ERGAE - RAREESEFAENRE
% R RARE E R Y T E M Y T -

BE R NG 30T B 7R 45 BB R AR T AR 3 B B 4 0
Bl - (E 2R PIET TR 58 B B R R 55 B i BT
SERE > EABHARRFARFENS EEBRER
EERSH L EER AT — BB T — s -

AR EDRR —EERmA B — E A 5
— B 5 B0 4 DL B B 2 RO —
M B RBERESEABHNED — R -
B B - fE A B b4 R B S B AE — MG B P S
B — MBI TR RS 0 OR 0 AR 2 08 B A B B G A -
S ME—RSEERA DU EAEEN SRS SEEE
TR RS R |

B 4% o A 3 A S B B BT 9B T 1 B — B 1
AT B - B BL o 7E B MG 73U 4 0 FR 3 R A A O
U e O A2 T S, o TS — A B T e
ARG — & B2 B - B R 2 E B B T 3R
ABY > HEAREERBEYE T TE A A RERF
S % B TR R R I B B R R
0 P 1 R R M R B TR o K R O R O LB 4
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NN IR
ABZHABRATRUBEE RN ESBEKEHRREEME
BEE (LER) kR ERHARBEFTAEREE - HED —
BHRMA MEX—EMZ L —NEEPC—FEE - 7
BEPRPCEZMAEERLUEBERAAVEEBRB C—BEE

&%

g ZBEREERHEEXGTER - EWREEREZE
EEAMEZEERNEENRN - Rl ERRELERMA >
MGEEERAWEERYEZLER I —EBEN - W&

RTXRE-TSHMAPN > TEMA—LEHRZEER
A B —FHERE  MPRZEE  HPZLALERELE —
HIEIA > MM T BERNARFNAIAITINE - /&
KB LT EREERREREZEZ R LE U E
EEGIESHEESEMEBN LER 280 - RET >
B—HEEEEAWEEREE-—DERN-HARA > 10
it EFEEGEEEUEESBEAER LNV EEBEERBMEHR
BrE LER @M R BMERMER B - MR LER 21§
MABIERERERIBADRE » AIEEKENERE > HWA
RE/ARSTE (f120 RARERN) EFEEZCHERR
( manufacturing yield) - ZEFEBE THE T LURE U E &
B oIEE BERESHNERARMEBERE  DURMEM
EMEEERAMETRE -
H2AB R A REERBAZHN — B /Y — 0 &
BN —EMe - HEEEE200 - £—FHEA G 0 EH201
EBRE-EEY  E—BHEAT > EM20IEE W LER
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B2 ( Silicon On Insulator:; fffESOI) - AN BEREEH M
S EMUBEEHEUBELE > MAE - JAEF - WEE - K

A WENAEWELER (compound semiconductor)
ES—FBRAIF - EM20I00FEBNEERAR - EM
201ﬂ@§ﬁﬁ%ﬁﬂﬁaa = B -XEFEE  BERE
BH - -AE (BFRAE) ENITEBREHEENERE
B — 8% il & & k& ( metalization layer) - A DLE&E 40
BEANEEFN —NEME (BFRRRE) BEM2010E
BERcEZ S ZlHeBttEER TN EBLHEREE - 7

B (EHRRT-H) EERKRLELAEZXFREINEBE L
@- o

B 2BEIERREBAZBHN —BFRAMEEZM 201 £ L
HR—NEE 203 SRNEURE CABL —H - £#—H
melF o N ERE 203 2 — 8 M A &EHE ( Interlayer
Dicleotric : 7§ [LD) « 76— 6§l + /1 & 203 f&
m_&sSWw -~ St > kBHESE LY ( Carbon Doped
Oxide : #if CDO) ~ WUl L& B EMME SN —IE &k
BAE  E—BHEAF > NEE 203 @fFERALY - |1
¥ R EW - BWHIE (phosphosilicate glass) - Y B
78 ( fluorosilicate glass ) ( SiOF ) -~ & H& W 3% 3
( organosilicate glass) ( SiOCH) -~ # Ll k& HEY £ {4
& - HE—BHAT  NEEF 203 GFEIEYE (spin-on) € k
ENEME - E—BHEAT > MEE 203 2 _&M4LW - £
S—ERAF o NEE 203 ZEAW - AIFHEMEERN
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VB M EE 203 EE—EHEAI T o WEAEAL
B G M ¥k # ( Chemical Vapor Deposition: B CVD)
¥ $ (sputtering) -~ IE¥%  WHE —WHEULBEETSEH R
A (blanket deposition) L E N BEE 203 - £
—EHEHH o NER 203 HUBIBEERHS 50 ZTXE
2k BE |

B2 EHRRBABRHN —EHIATMENBE 203 2
LK 204 MENEE 203 R —KLEMHO
CHREEMNE 2B By —B - £—FHA R WE 2C
B TR EEAN BB 203 E RN —EEEE 202 L
fHJg 204 ER—EBEH T > KIEF 204 HEBZLEIN
B 203 b - W 2C EHR KEE 204 REEEE
202 WEABE A KM > MHREMBED 220 %K — 1
B - R EESNEEEA R M ETEEY
ERMAEE -BRABEFEBNN UTHEAEMETFEE L
ERMEE - RAOBEBZONEM P - BEEBHRTEHE
WEREERMY FEMTAS  ERIALEE  #F
HERBBRE AREABB LN ESEE  UEEE
B PR ZENS > WAL LHEE TR —
B o fE—E MBI 0 T 7E — B 4E I FE 25 P B 1T MR % R OB
BRI - MK E R BT el % (Reactive
Ton Etch: ## RIE) ZWesahix - Beax ~ &L
SEBMYEAHCHABEERRF 202 b 2B O W% H
N EE 203 — 5 -
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% 2D B RRBABHY —EHYITHEN BB 203 &
BB T EEABE O 206 S — 5 % B 2 0 M LR
2C Bz —8 - E—EHAF > KEANEE 203 2 A
B O 220 % BB 1T B MG S5 A0BE 0 206 TS - f
SR REHEEELENER 203 FREEE
ZHM 204 FEEEHOMASNER  THRZSH
O« #E— B MBI o B P AR B B % 2 69 9 5 A 8 2 B
% (anisotropic dry etching) % 1k /1 % J& 203 2 3 41198
MEmED - £S5 —EHAT - BHE % - B e
% R OB T8 S BT BT — R BB B A
MR NER 203 PSSO o fF— B D
NBIE 203 Y HEEOAGEHEEAMS 0.005 Bk (
pm) B SumEE - URGEAKES 0.0052mE 10
pm YRR o E—EHAIE > ZE BB E ILD 203 [
BROESER IR TRETZEMOZ R -

ERRTHMEO 206 SHHEBMO2% - EREE
HRFEES - ANERE 203 ZRECHEFEEE RN ME
THEENERBAE - RAOBREHFBEHW - & — 516
o W — LR BRER - R EEEER YK
L e B E

% 2B MERBASHY - BERAMENEF 203 2
EWET —MER 205 ZHENEMNE 2D B2 —E - 4
% 2B B AR BEE 205 RS R L —HEHNEA
NER 203 Frg—RSEHEO AR — RS EEE

8689482 -9-

Page 60 of 95



201804569

o E—ERAF AENERE 203 LUUBEHAXRKEEZF
BEOMARHERERE —EHE (BhRRAE) » A
EZESELUE -—ESEEFE 205- £E—EEBA T » ZEX
&~ SEMEE (conductive barrier layer) ([H
KAH) Pk —EEHREE (seed layer) - ZHHE
BrREEH > HZEEEBEEITALESR > 88 # - &k
H REOEME ZEEEEETWRAHAKREG LEEMH
E 78 A8 55 By % e g SRR E] ILD 203 - ot ZEEE
BEAHAKREMEXEERE (I #H) 23F - -E—FH
BHlF > BTRERZENRE  BFEZEEREBEEBEULEINE

4

& 203 MBZEZSFHOCAEREDS  RREZFTEE
BEELUBZAaERE X BT ZEEBEEILTEE

EHEBUBEIANERF 203 MBSZSHOZHERES
WEaER WHEANFERBHERWMER —KRAOFEZE
M EMEREERM (1> DIRE - HEA RSO
WEGREN) WEZEEREEEAEERETZE—F -
FE—BREAF  ZEEEEERAEETCE-—EBEREH
BAHE 1 EI0RKCERE - E—BHAIT > ZXEEE
AU HMAMBEIET AEBENEESR L —FENE

c E—HHEHT > W aZEERG > H W M HE R
WEEBE MELD-"BHERPRZI"EE -

BEE 205 EWmEMBED 206 ENWHEHD > HESE
ZEFEE (BRFRTE) FENER 203 WEHN ENZF
O 2 — iy - E—BHA T > - EEEEKE

1

J1

e
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M SN EER 205 MBEFEN B oS LER - £ &
BEI o AN METEENERTAEE —RAREE N
By —## fkx (damascene) HEBFEEFEF 205 hHEFZ 5 H
M- E—BHAh > EAENEYE EEESHE P e
BB RO BEE NN R BB &
K EER 205 (LRMEZRER L - £ EHEH T
BE 205 MM B BEBERETHZEBEBUME 2 2
o pim o MBEMEEE 205 MBS E HZEERS
MEth L - £—FHA T BEF 205 L% NN
(Cu) ~ 47 (Ru) ~ 8 (Ni) ~ 4§ (Co) -~ #% (Cr)
# (Fe) ~ % (Mn) -~ 8 (Ti) - $8 (Al) - #
(HE) ~ 42 (Ta) ~ 45 (W) ~# (V) ~ 4 (Mo) - 4
(Pd) ~ % (Au) ~#8 (Ag) ~ #1 (Pt) -~ WL E&HE
A E -
% F BERBABVN HHATHESNBEBF 203

W EREEREER 205 RELAHNBHRILEHOZ4HG
— AT RENEER 208 ENAFEENEER 2%
MM 2B B — B - TULE SR (B A ek
A MR (P B B S R — 4
& (Hlm ERAEMETEEN SR —RAREE
ey fb Z W E ( Chemical-Mechanical Polishing ;5 f§
8 CMP) Kiifi) ZHUEF 205 B4 - £— K1
Bl > AL HEENER 203 IF K — K S &
EEENEES - R —EHA+ > HANERF 203 LR
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MENEsEBE R T B R EE RG> MER%EY
BoHNER 203 W EEE LB SEBRRAERES
REAEHBE T EENERTAE —RAREFEL
f o E—EHI > REERIEMEE 21 SHEEL
KHIEE 0.015 BKE 1 MOKMHEHE « £ F A » %
W EMEE 209 SWEERAME 5 HAKEAH 500
SOKEWE - E— BT RS EE RN 2NN
207 SHREBREEAHE S BREKAY 500 3K - £ — 5 1
Blh > BEUERMIEEREE AN 2 BEBELY 100 5
ﬁK o

% 2G (B2 AR I AR 5 U B — B 0GB 7 AE — B M 2 b g
— A EE AR U E AR 208 AR W2 % B AUR
%5 oF B2 — B - W% 26 EAHR - ENBE 203 0 RK
SE A 212 SEGEE - M5 2G B AT 0 BATEE 212
S EEEAE N EE 203 MR BN B 214 & 216 &
BB EE - DL R BEAN B M R 208 MR 2 B 218 B &
B B S 2 R - |

£ E AT o BEE B x
ERTHE 213 HWEE - E-ERAT > REEZ

FERBRH 2 RAEKRKY 20 |k - £—FHEH T > &

BEEBFHZEERNENE 2F BT CEE 211 1

EE AR 10%E KK S0%EE - E—BHRA+ > wE

RTXHE-—FSHMERAEN  ZFEEREMAIREE
EENEREMREZREE
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% 3A B OERIEA SV — 5 EM A —
301 Z L — A EJE 303 Bz A — M EH 305 R —
B304 EWHERIABN - THEERZ ZHE 300 &
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A BF R USEEHERYEZSLINGUTESR - H
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 HBEZEEELS 500k - E—EEH S - B
 EREARE SEREAY S0E%k AEELZEE
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05 B 304 WK EHBEH MWLM 309 1
£ o fE—EHEHI T EATEEER 305 K 304 ZHH
AR MRS KRG S BRBERY 500 K - £ —
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s oo JRED o A D0 A R v B D 2B B ek % AU E 0 W] 7R eh % HA
MEEEME LK —sif/@ (passivation layer) (HEH
RKaH) rMMEEENEERZ AT ZHEE
MK - HERZIE - SAE - BIE B B B A9 8% R = el
G ER A EEEERVEAXEE MU RMAEE
R — S (B 5%E 50%)

E—ERAT > AREBEAMIEERMEGREEZE
ARERSARFNBESZLEH B SEEGE T AH
1%F K 40%09— ez A - BEEMGET R I%EKRH 10%
M — &8 - BEMET K 0.1%E K 1% IE A - DU
EEEET KA I%E KRG 60%K —EHEE - £ &1
Bl > ARBRNEANEERIZALERNCSEENTHRK
G O0.1%E AkH T0%H — & %I B (B bR B 3% ek % Bl 9 eh %
HE)  BEETHARHE 0.I%E KK 10%H — & 1L A
(NERZEAMBENRE) HELHTEAHMEESLZ
50 (50 ppm) E KK 1% —MEH - UREESETEHRK
B 1%E KK 60%Hy — A H -

F—BEEAT  ARKMAEERZIZLBERTES
% W H B B ( glycine ) ~ Z Z & M Z R
( ethylenediaminetetraacetic acid) ~ a - E @ ( alpha-
amino acid) - % T #® ( polycarboxylic acid)

FEHWBW LM ESENSAH  FWBEE LY
( peroxide ) ~ B & ( ozone ) ~ B # B

( permanganate ) -~ §& E& ( chromate ) ~ & ¥ B&
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( perborate) ~ X KB E ( hypohalite) ~ H Ll L & 36 i
EAHEEEFNARMA 0 ZFWO™ (azole) - & (amine)
f Z B& ( amino acid) -~ BiFEREl ( phosphate) -~ [ B8 &
( phosphonate) ~ BDl LR HWEMHE S SR IHEIAE 5 U
FERH - ZWBEBALLR2EMKERNAKMERHE (aqueous
system) (BERN) KEERER - FREBZHTFE2RAE
Wk B2 B8 ( propylene carbonate) -~ IE T #fi ( sulfolane)
Z Z 2 BE ( glycol ether) ~ Kk &t B %2 ( methylene
chloride) BY B & -

Blan > BRAS A R el % 81 EE R 2 b 2 gh ] H >
HEBEERNS &1 ®E (zero oxidation state) o BT
Ehyls  FTEFHEALR 0+n H/RE > Hf n TLLEREM

1~ 23 48— SHERE S/ MEEEEHHN
ME TS WA BARESMABNENSFHE
AT UEEAESERELE 123 % 4 hZE—

il
Ry
&
i

- BEMA—4GFFZ 15 & (RE) -~ 16 &
B 17T R(NERR) RFrETEESG  -E—F
FEFlH > FAZReEZ B BRI B Z A HEER -
"M ao-TEER - ZTTER (FIW RBE=ZR
B4 (tricarboxylic acid) Z HEEEEE (citric acid) ) -~ B
( oxalic acid) ~ KN ZF (malonic acid) %5 75 # gt %I

N
il
S
N

Bl -

Bl > AKX BEEROZLMEE T 2 KB #H A
RKEHFHEHCREBENBEHEANSCBERBETESEHFAKET - 7l H
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M EMB AR (MW 8BS ( hydrogen
peroxide) ) ~ R& - BHEHMRE - S KRHE - B RE - X
AENBRBSFHNEMACE T EEZ &S LA -

plian - BRTRUHESHEESENRZ A X B EER
AEBME  BEENER — GBI A AER - #H &
WEREZRR —#itE (BZXAHFHBN 2 TR ES F
ft 5% (polymeric compound) -~ AR —R%E HEH
MZHAHeEH)  ERNTEHMAZAHRNZIALE
BRENERSBINNEIEHEBEREFSLEESR (F
g 5¢ ( grain boundary) WY ER ZIEZE (#1720 - ¥ B L
(void) ) BRHEREEWN - fl41 » EHEEEFEW S LA K ek
B R A G BOEMNEHHTTRANMLFEER 2
SR - MHANENREE FEENERMER — B4
EFTEME - Gl HApamw s i RER - B
- RBBRENENEBRAGEE A RMAXAFNEER I

ME
s

S—EBERpT O FAHETLEEERERESMLTN
— W ERETEAMZ  MMAZEFHEER - R E

t

CEEBERREKRBECYNACEREE A UREEDHF S ek
ZIHEE - A BEEER KBS AL EE el % =
RPN REE LA 2 R Y S LA - 3 mE I

e Wt ( benzothiazole) (BTA) <& HYJ&G & A &l B ho A &% 1k
B - AEEL P EER KB ST R KE R
ﬁ%%ﬁf HEBRZEAOESEAE > 6l BEkeh X

i

=

3y

5!

S
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HRE R RMEAT AR MEEFBNERE -
7 — B MBI b > DU oP A 5 U % e A b 2 R I O R
FEHFEHER SRR AENAZERER - £ B
B o DU A RS R 0E MTE B ek A B
CRABAEMAZSEER - E—BEHAT > £E XY
BEISESAUER SO EMBEETEFERMY —BHE
ERE MMAZSEER - EEVEEERE T > M Z
MEREANENE A EMARSEES -

% oH REREASHN —EHATMENSSESR
BRI E S W 2 & B AR A B B R RS Ik
BERZBNEMNRE 26 Bl —E - 8R4
B SRS EE BT EAY
i ERE - WS 2HEFR BER 215 S BEEYE
212 W M A EER 208 F - E—EMHI R - EMEE
2012 EWBEEHEERE BEBENESBEER 22
% 2F BIFTRIOEE 209 SAEE R o JRED > AR M
ERELATHUEESRWAESAMEBENZEE > EM
RETHRERBEE MO R LER 2180 - W& 2H @5
T BEB S WRECEE 2 NFSMERNS TS
208 b o FE—EHGIE 0 LUEESE (A0 ) . fr
S MY (CVD) - # % & b B ( Physical Vapor
Deposition ; fii#§ PVD) - R B FE BN EH I AL —
BABREENNEAE MO EEE BT EZEE R
MEZMASER L - E—WHH T > ZWME 208 T
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ERpue— % 48 LEESBEASHYE 2B
BB MY%E S BE AR ESN
SE- B EER  E—ERAT ARZEZBS
 BLARYNSERCLBE  LEHLEED -
Bia > MHET AR ErATeBNRTEE
oo fE— EHE A o RS (Co) - B BE L &
( CoBP ) - & W B# 8 ( CoWBP) - & B b 8
(CoWP) -~ 4 W8k (CoWB) -~ 85 #s (CoWp) %
MEEERSS R LS ENEAMASNRENEEE
205 SHHBEEB - ER—FWO D o FHE (Ni) - 3%
AW BE AL 8% (NiBP) - g5 FEBEALEL (NiWBP) -~ 4Bk {h 42
(NiWP) -~ B8 (NiWB) -~ &5 & (Niwp) =
MEBEERSS KLU LSENEAACNRENESE
205 EHHBEE AR —EFHH T > REBKSHTE
2RI (Pt) ~ 48 (Pd) -~ 47 (Ru) ~ & (Ir) - ¢
(Rh) 214 (P BEBRAESHURBENELE 215 %
WEBEE - ARG (P B BHANE S TRE S
(W) 8 (B) B (P) - X — &M Hlh » 1% 85 10
B (Ta) ~ 8 (W) ~ 8 (Mo) ~ RL E&HEME LS
Mt K& & (refractory metal) HMBENMEBEBEF 215 EWFH
BEE -
f— WA BEBERURN M ANEE G -
e fE— BT BAES BN M A
N fE— BT B AL BEE G

-

>
~

F
|
r—lag‘a
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y— 8 iE
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i
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B M AGHEEE L —EHERN -

E— M E R MBI E R kR A
(CVD) S W RMMLME P 2 F — B Mg a &8 (Pt)
BHEB -8 RULSENES S EER RS
S EESWHSHERBL  c E—EHUT > £E—FH
flg - FRAHETFHEBENERHEE —RIOABREEAN
CVD K PVD Kfi s AMEMBEETAERASE
CHEBUEIENH  ESNFSEUER L - £—FH
Gith  ZEEBWHENEE 21 SNEERAAP 25X
BEA 50 =Kk - E—HHHT ZHEEBZEERMU
FRETAFHWEER S BEER - C—HEHAT  ZEERE
EEFRARSBELEBFUBELANEENEECEE -

% 3B BIRRBARWUN BRI MEEESELH
FFEMALSES VRN UBEELANEURSE 34 B
2 —[@ 310 W% 3B @R EWEERF 311 & 319 %
i T8 2 B W DLRG ST Al 2 7 X0 BB M b vk RE B BE A B e
302 R BE 307 SWAHEE - ME A BT BSHE
EBRAMEL SO EER - W 3B BT MR
309 BEEB 3 HEER 311 Bl - E-EHEA 5 o
B 305 B 304 B R EEE 319 8 311 2 9
2 E K - |

%4 ERRBEABHN - EHRAMEE R BEE T
ME - EMZEN—HEE 401 FXMAZERFTERY
BENSEEBC —HERE 4002 —LFHE - 215 4 B

)&T

i

) }
St

Eﬂ

868948-2 -19 -
Page 70 of 95



201804569

FToRn » BB EER 403 EFNHERLEH L LER BEE L
DT O BEOLHEBRCEBRETERN > BEURERMEE
405 SR ERMEBMT EREBREZSHIM - £—
BRI+ ZEERERENT 2EFNEEE - AMAI &
WEE KN ERHE (dielectric breakdown ) KF [ By K 1E I
Do BEHENER 20 BARWEK 20 TARYBREHREKE
fi €7 B ( technology node) EE Wk - HETE A A fTHY &
MEEER 5SRK - LEIEHE ' EERNTET » HEE

WENEERERER 10 /K> MAE 20 &K - 4
HABMHRTEHEAEATZZEEEERN KRG 50% - HFY 5-10
RAWHBAMBEEMS > HHBT X7 %F > LER 1
WA 3-5 /K> HEBERE - HNREKB 20 FTABM
BB S » LER 4 3-5 Sk IUBEEEBNEE
MR 15-20%38 0 -
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and complete to the best of my knowledge.

| declare under penalty of perjury of the laws of the United States of America that the foregoing
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