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Abstract of Invention 

※Application number: 106120928 （divisional application from 101140536） 

※Application date: November 01, 2012     ※IPC: H01L 21/768 （2006.01） 

， 【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 1 

form a channel. The channel is self-aligned to the conductive line. The conductive line can be 2 
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etched to a predetermined depth using a chemical to form the channel, wherein the chemical 1 

comprises an inhibitor to provide uniformity of etching independent of crystallographic 2 

orientation. A cover layer for preventing electromigration is deposited on the recessed 3 

conductive line in the channel. The channel is configured to receive the cover layer within the 4 

width of the conductive line. 5 

 6 

【Brief Description of Drawings】 7 

The invention has been described by way of example and not limitation with reference 8 

to the accompanying drawings, and similar reference numerals represent similar elements in 9 

the accompanying drawings, in which  10 

FIG. 1A shows a cross-sectional view of a typical interconnect structure with a metal 11 

electromigration cap. 12 

FIG. 1B is a top view of a typical interconnect structure with a metal electromigration 13 

cap. 14 

FIG. 2A shows a cross-sectional view of a substrate used to fabricate an interconnect 15 

structure in accordance with an embodiment of the present invention. 16 

FIG. 2B is a view similar to FIG. 2A after forming a dielectric layer over the substrate 17 

in accordance with an embodiment of the present invention. 18 

FIG. 2C is a view similar to FIG. 2B after depositing a photoresist layer over the 19 

dielectric layer and forming one or more openings in the dielectric layer in accordance with an 20 

embodiment of the present invention. 21 

FIG. 2D is a view similar to FIG. 2C after one or more openings are formed in the 22 

dielectric layer in accordance with an embodiment of the present invention. 23 
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FIG. 2E is a view similar to FIG. 2D after depositing a conductive layer over the 1 

dielectric layer in accordance with an embodiment of the present invention. 2 

FIG. 2F is a view similar to FIG. 2E after forming a patterned conductive line by 3 

removing portions other than the conductive layer and the openings in the base layer from the 4 

upper surface of the dielectric layer in accordance with an embodiment of the present invention. 5 

FIG. 2G is a view similar to FIG. 2F after recessing a conductive line in a dielectric 6 

layer over a substrate in accordance with an embodiment of the present invention. 7 

FIG. 2H is a diagram similar to FIG. 2H 2G after electromigration is prevented by 8 

selectively depositing the cover layers into the respective recessed conductive lines in the 9 

channels in accordance with an embodiment of the present invention. . 10 

FIG. 3A is a three-dimensional diagram 300 of an interconnect structure after the 11 

conductive lines in a dielectric layer recessed into a substrate in accordance with an 12 

embodiment of the present invention. 13 

FIG. 3B is a diagram 310 similar to FIG. 3A after deposition of a cover layer to 14 

respective channels formed by the recessed conductive lines in accordance with an embodiment 15 

of the present invention. 16 

Fig. 4 is a top view of an interconnect structure 400 of a cover layer in a via formed by 17 

a recessed conductive line selectively deposited in a dielectric layer over a substrate in 18 

accordance with an embodiment of the present invention. 19 

FIG. 5 is a block diagram showing an embodiment of a data processing system. 20 

 21 

【Description of Embodiments】 22 

In the following description, numerous specific details are set forth, such as particular 23 

materials or elements, in order to provide a thorough understanding of one or more 24 
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embodiments of the invention. However, it should be understood by those skilled in the art that 1 

the one or more embodiments of the invention may be practiced without the specific details. In 2 

other instances, well-known matters of semiconductor processes, techniques, materials, or 3 

equipment are not described in detail to avoid unnecessarily obscuring the description. Those 4 

of ordinary skill in the art will be able to carry out appropriate functions without undue 5 

experimentation. 6 

While certain embodiments of the invention have been described and shown in the 7 

drawings, it should be understood that the embodiments are only examples of, rather than 8 

limitations to, the invention, and the invention is not limited to the illustrated and described 9 

particular structures and configurations, because some modifications can be made by those 10 

with the general knowledge of this technology. 11 

References to "an embodiment," "another embodiment," or "an embodiment" in this 12 

specification are meant to mean that a particular feature, structure, or characteristic described 13 

in a manner in connection with the embodiment is included in at least one embodiment of the 14 

invention. Therefore, when the words "in an embodiment" or "for an embodiment" are used 15 

throughout the specification, the same embodiments are not necessarily referred to. 16 

Furthermore, the particular features, structures, or characteristics may be combined in any 17 

suitable manner in one or more embodiments. 18 

Further, the viewpoints of the present invention illustrate fewer features than all 19 

features of a single embodiment disclosed. Therefore, the claims after the embodiments are 20 

hereby expressly incorporated in this embodiment, so that each claim independently 21 

corresponds to one respective embodiment of the present invention. Although the present 22 

invention will be described with reference to a few embodiments, those skilled in the art can 23 

understand that the invention is not limited to the embodiments described, but may be modified 24 
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and varied within the spirit and scope of the appended claims. This description is therefore to 1 

be considered as illustrative and not restrictive. 2 

The present invention describes methods and apparatus for controlling line edge 3 

roughness (LER) and line-to-line spacing when depositing self-aligning metal caps. At least 4 

one conductive line is recessed to form a channel in a dielectric layer over a substrate. A cover 5 

layer for preventing electromigration is deposited on the recessed conductive line in the 6 

channel. The channel is self-aligned to the conductive line. The channel is configured to receive 7 

the cover layer within the width of the conductive line. That is, the interconnect is recessed and 8 

the cap growth is accommodated in a channel that self-aligns with the interconnect. As will be 9 

described in further detail below, the conductive line can be etched to a predetermined depth 10 

using a chemical to form the channel, wherein the chemical comprises an inhibitor providing 11 

uniform etching independent of crystallographic orientation. The methods and apparatus 12 

described herein can be used to control the increase in LER associated with selectively 13 

deposited electromigration caps such as electroless cobalt caps. That is, an electroless cap can 14 

be housed in a recess that self-aligns an interconnect, while preventing an increase in the LER 15 

and a decrease in the line-to-line spacing typically associated with the electromigration cap 16 

selectively deposited on the metal interconnect. When the increase in LER is eliminated and 17 

the line-to-line spacing is prevented from being reduced, the risk of failure can be reduced, and 18 

the manufacturing yield of a small-sized (e.g., nano-scale) electronic device can be improved. 19 

The electronic devices can be computer system architecture devices such as transistors, 20 

memories, logic devices, and the like, as well as any other integrated circuit and 21 

microelectronic device. 22 

FIG. 2A shows a cross-sectional view 200 of a substrate used to fabricate an 23 

interconnect structure in accordance with an embodiment of the present invention. In one 24 
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embodiment, substrate 201 comprises monocrystalline silicon. In one embodiment, substrate 1 

201 includes a Silicon On Insulator (SOI). For alternative embodiments, the substrate may 2 

comprise a  3 

 4 

compound semiconductor such as indium phosphide, gallium arsenide, gallium nitride, silicon-5 

germanium, and silicon carbide. In another embodiment, substrate 201 can include, for 6 

example, glass and quartz. Substrate 201 may comprise one or more metallization layers of 7 

integrated circuits having active and passive devices such as transistors, switches, 8 

optoelectronic devices, capacitors, resistors, interconnects (not shown), and the like. The one 9 

or more metallization layers of the integrated circuits of substrate 201 may be isolated from 10 

adjacent metallization layers by a dielectric material (not shown) such as an interlayer dielectric. 11 

Vias (not shown) may electrically interconnect the adjacent metallization layers. 12 

FIG. 2B is a view similar to FIG. 2A after forming a dielectric layer 203 over the 13 

substrate 201 in accordance with an embodiment of the present invention. In one embodiment, 14 

the dielectric layer 203 is an interlayer dielectric (ILD). In one embodiment, dielectric layer 15 

203 is a low-k dielectric such as silicon dioxide, silicon oxide, carbon doped oxides (CDO), or 16 

any combination of the above. In one embodiment, the dielectric layer 203 comprises a nitride, 17 

an oxide, a polymer, a phosphosilicate glass, a fluorosilicate glass (SiOF), an organosilicate 18 

glass (SiOCH), or any combination of the above. In an embodiment, the dielectric layer 203 19 

comprises a spin-on low-k dielectric material. In an embodiment, the dielectric layer 203 is 20 

silicon oxide.  21 

  22 
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In another embodiment, the dielectric layer 203 is silicon nitride. Dielectric layer 203 can be 1 

deposited using any suitable deposition technique. In one embodiment, the deposition of the 2 

dielectric layer 203 can be performed using blanket deposition techniques such as chemical 3 

vapor deposition (CVD), sputtering, spin coating, or another thin film deposition technique. In 4 

one embodiment, the dielectric layer 203 is deposited to a thickness ranging from about 50 5 

nanometers to 2 microns. 6 

FIG. 2C is a view similar to FIG. 2B after depositing a photoresist layer 204 over 7 

dielectric layer 203 and forming one or more openings in dielectric layer 203 in accordance 8 

with an embodiment of the present invention. In one embodiment, as shown in FIG. 2C, a 9 

photoresist layer 204 is deposited over a hard mask layer 202 formed over the dielectric layer 10 

203. In another embodiment, the photoresist layer 204 is deposited directly onto the dielectric 11 

layer 203. As shown in FIG. 2C, photoresist layer 204 and hard mask layer 202 are patterned 12 

and etched to form openings such as openings 220. Patterning and etching of the photoresist 13 

and hard masks is well known to those of ordinary skill in the art of microelectronic device 14 

fabrication. Pattern generation and etching of the photoresist can be performed using one of 15 

the techniques well known to those of ordinary skill in the art of microelectronic device 16 

fabrication. The technique can include: masking the photoresist layer; exposing the masked 17 

layer; and then developing portions that are not exposed to remove the exposed portions of the 18 

photoresist layer to form an opening window in the photoresist layer. In one embodiment, the 19 

process of exposure and photoresist layer removal can be performed in a plasma reactor. The 20 

opening in the hard mask layer 202 may be etched using dry etching, wet etching, or any 21 

combination of the above techniques, such as reactive ion etching (RIE), to expose a portion 22 

of the dielectric layer 203.  23 

  24 
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FIG. 2D is a diagram similar to FIG. 2C after one or more openings, such as openings 1 

206, are formed in dielectric layer 203 in accordance with an embodiment of the present 2 

invention. In an embodiment, such openings, such as openings 206, are implemented via 3 

openings in dielectric layer 203, such as openings 220. In another embodiment, the openings 4 

are formed by etching the dielectric layer through the openings in the patterned photoresist 204 5 

deposited directly onto the dielectric layer 203. In an embodiment, an opening such as a trench 6 

or the like in the dielectric layer 203 is formed using anisotropic dry etching such as laser 7 

etching. In another embodiment, the openings in the dielectric layer 203 are formed using dry 8 

etching, wet etching, or a combination of techniques known to those of ordinary skill in the art 9 

of microelectronic device fabrication. In one embodiment, the openings in the dielectric layer 10 

203 have a width ranging from about 0.005 micrometers (μm) to 5 μm, and a depth ranging 11 

from about 0.005 μm to 10 μm. In one embodiment, the size of the conductive lines formed 12 

later in the ILD 203 during the process determines the size of the openings. 13 

After the openings such as openings 206 are formed, the photoresist and the hard mask 14 

are removed. Removal of the photoresist and hard mask from the dielectric layer 203 is well 15 

known to those of ordinary skill in the art of microelectronic device fabrication. In one 16 

embodiment, the photoresist and hard mask can be removed using a chemical technique, a 17 

mechanical technique, or both. 18 

FIG. 2E is a view similar to FIG. 2D after deposition of a conductive layer 205 over 19 

dielectric layer 203 in accordance with an embodiment of the present invention. As shown in 20 

FIG. 2E, the formation of conductive layer 205 involves filling one or more openings in 21 

dielectric layer 203 with a conductive material to form one or more conductive lines. In one 22 

embodiment, an inner sidewall and a base layer (not shown) at the bottom for covering the 23 

openings are first deposited on the dielectric layer 203, and then a conductive layer 205 is 24 
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deposited on the base layer. In one embodiment, the base layer comprises a conductive seed 1 

layer deposited on a conductive barrier layer (not shown). The seed layer may comprise copper, 2 

and the conductive barrier layer may comprise aluminum, titanium, tantalum, tantalum nitride, 3 

and the like. The conductive barrier layer can be used to prevent the conductive material from 4 

diffusing from the seed layer such as copper to the ILD 203. Additionally, the conductive 5 

barrier layer can be used to provide adhesion of the seed layer (e.g., copper). In one 6 

embodiment, to form the base layer, the conductive barrier layer is deposited onto the dielectric 7 

layer 203 to cover the sidewalls and bottom of the openings, and then the seed layer is deposited 8 

on the conductive barrier layer. In another embodiment, the conductive base layer comprises 9 

the seed layer deposited directly onto the dielectric layer 203 to cover the sidewalls and bottom 10 

of the openings. Each of the conductive barrier layer and the seed layer can be deposited using 11 

any thin film deposition technique known to those of ordinary skill in the art of semiconductor 12 

fabrication (e.g., thin film deposition techniques such as sputtering, blanket deposition, etc.). 13 

In one embodiment, each of the conductive barrier layer and the seed layer has a thickness 14 

ranging from about 1 to 100 nanometers. In an embodiment, the barrier layer may be a thin 15 

dielectric that is etched to establish conductivity to the underlying metal layer. In an 16 

embodiment, the barrier layer can be omitted altogether, and a "self-forming" barrier can be 17 

made using appropriate doping of the copper wire. 18 

Conductive layer 205 fills the openings, such as openings 206, and covers portions of 19 

the base layer (not shown) that are outside of the openings on top of the dielectric layer 203. 20 

In one embodiment, a conductive layer 205, such as copper, is deposited onto the seed layer of 21 

the copper base layer by an electroplating process. In one embodiment, the conductive layer  22 

 23 

 24 
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 1 

 2 

205 is deposited into the openings using a damascene process known to those of ordinary skill 3 

in the art of microelectronic device fabrication. In one embodiment, a conductive layer 205 is 4 

deposited onto the seed layer using one of the selective deposition techniques known to those 5 

of ordinary skill in the art of semiconductor fabrication, such as electroplating, electroless 6 

plating, and the like. In one embodiment, the choice of material for the conductive layer 205 7 

determines the choice of material for the seed layer. For example, if the material of the 8 

conductive layer 205 contains copper, the material of the seed layer also contains copper. In an 9 

embodiment, the conductive layer 205 includes, for example, copper (Cu), ruthenium (Ru), 10 

nickel (Ni), cobalt (Co), chromium (Cr), iron (Fe), manganese (Mn), titanium (Ti). aluminum 11 

(Al), hafnium (Hf), tantalum (Ta), tungsten (W), vanadium (V), molybdenum (Mo), palladium 12 

(Pd), gold (Au), silver (Ag), platinum (Pt) , or any combination of the above. 13 

FIG. 2F is a view similar to FIG. 2E after forming a patterned conductive line, such as 14 

conductive line 208, by removing portions other than the conductive layer 205 and the openings 15 

in the base layer from the upper surface of the dielectric layer 203 in accordance with an 16 

embodiment of the present invention. Chemical means (for example, using an etching method), 17 

mechanical means (for example, a grinding method), or a combination of such techniques (for 18 

example, using a chemical-mechanical polishing (CMP) conventionally known to those skilled 19 

in the art of microelectronic device manufacturing) can be used to remove portions of the 20 

conductive layer 205. In one embodiment, one or more patterned conductive lines are formed 21 

in dielectric layer 203 using the methods previously described. In another embodiment, 22 

patterning and etching are performed on the conductive layers deposited on the upper surface 23 

of the dielectric layer 203 to form the conductive lines. Patterning and etching of the conductive  24 
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 1 

 2 

layer deposited on the upper surface of dielectric layer 203 is well known to those of ordinary 3 

skill in the art of microelectronic device fabrication. In one embodiment, the thickness of the 4 

conductive line, such as thickness 211, is in the range of approximately 0.015 microns to 1 5 

micron. In one embodiment, the width of the conductive line, such as width 209, is in the range 6 

of from about 5 nanometers to about 500 nanometers. In one embodiment, the spacing between 7 

the electrically conductive lines, such as spacing 207, is from about 5 nanometers to about 500 8 

nanometers. In one embodiment, the spacing between the electrically conductive lines is from 9 

about 2 nanometers to about 100 nanometers. 10 

FIG. 2G is a diagram similar to FIG. 2F after recessing a conductive line such as 11 

conductive line 208 in a dielectric layer over a substrate in accordance with an embodiment of 12 

the present invention. As shown in FIG. 2G, a channel such as the channel 212 is formed in the 13 

dielectric layer 203. As shown in Fig. 2G, the vias such as vias 212 have sidewalls such as 14 

sidewalls 214 and 216 formed by the dielectric layer 203, and bottoms formed by respective 15 

conductive lines such as bottom 218 formed by conductive lines 208.  16 

In an embodiment, the channel has a depth such as a depth 213 from about 5 nanometers 17 

to about 50 nanometers. In one embodiment, the depth of the channel is from about 2 18 

nanometers to about 20 nanometers. In one embodiment, the channel has a depth from about 19 

10% to about 50% of the thickness of the conductive line, such as thickness 211 shown in FIG. 20 

2F. In an embodiment, as will be described in further detail below, the conductive lines are 21 

recessed to a depth that is determined according to the thickness of the cover layer. 22 

  23 
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 1 

FIG. 3A is a three-dimensional diagram 300 of an interconnection structure after a 2 

conductive line such as a conductive line 305 and a conductive line 304 in a dielectric layer 3 

303 recessed over a substrate 301 in accordance with an embodiment of the present invention.. 4 

Substrate 301, dielectric layer 303, and conductive lines 305 and 304 can be any of respective 5 

substrates, dielectric layers, and conductive lines such as those previously described. As shown 6 

in FIG. 3A, the conductive lines are recessed, and a channel such as a channel 302 and a channel 7 

307 is formed in the dielectric layer 303 above the substrate 301. As shown in FIG. 3A, the 8 

channels self-align with the respective conductive lines. For example, channel 307 self-aligns 9 

with conductive line 305, and channel 302 self-aligns with conductive line 304. As shown in 10 

FIG. 3A, the length of the channel, such as length 315, is along the length of the conductive 11 

line, and the length of the channel, such as width 317, is along the width of the conductive line. 12 

In an embodiment, the length of the channel is substantially greater than the width of the 13 

channel. In one embodiment, the width of the channel is less than 100 nanometers, and the 14 

length of the channel is at least 500 nanometers. In one embodiment, the width of the channel 15 

is from about 5 nanometers to about 500 nanometers, and the length of the channel is from 16 

about a few hundred nanometers to about several hundred micrometers. As shown in FIG. 3A, 17 

the conductive lines such as the conductive lines 305 and 304 are separated by a distance such 18 

as the interval 309. In one embodiment, the spacing between the conductive lines, such as the 19 

conductive lines 305 and 304, is from about 5 nanometers to about 500 nanometers. In one 20 

embodiment, the spacing between the conductive lines, such as the conductive lines 305 and 21 

304, is from about 2 nanometers to about 100 nanometers. 22 

In one embodiment, recessing conductive lines such as lines 208, lines 304, and 305 23 

involves uniformly wet etching the conductive lines using a chemical comprising an etchant,  24 
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 1 

oxidant, an inhibitor, and a solvent in a manner that is independent of crystal orientation. That 2 

is, when an inhibitor and a solvent are added to the etchant, a passivation layer (not shown) 3 

may be formed on the conductive material during etching, and the conductive material is 4 

uniformly etched in a manner independent of crystal orientation. The wet etching chemical 5 

comprising an etchant, an oxidant, an inhibitor, and a solvent can control the etch depth of the 6 

conductive line, and thus can only recess a portion of the conductive line (for example, 5% to 7 

50%). 8 

In one embodiment, the chemical used to wet etch the conductive lines to provide a 9 

channel having no pattern dependency and crystal orientation preference comprises an etchant 10 

having a mass of from about 1% to about 40%, an oxidant with a mass of from about 1% to 11 

about 10%, an inhibitor with a mass of from about 0.1% to about 1%, and an organic solvent 12 

with a mass of from about 1% to about 60%. In one embodiment, the chemical used to wet etch 13 

the conductive lines comprises an etchant having a mass from about 0.1% to about 70% 14 

(depending on the etching rate of the etchant), and an oxidant with a mass of from about 0.1% 15 

to about 10% (depending on the strength of the oxidant), an inhibitor with a mass of from about 16 

50 parts per million (50 ppm) to about 1%, and a solvent with a mass of from about 1% to 17 

about 60%. 18 

In one embodiment, the chemical used to etch the conductive lines may include an 19 

etchant such as glycine, ethylenediaminetetraacetic acid, alpha-amino acid, polycarboxylic 20 

acid, or any combination of the above; an oxide such as peroxide, ozone, permanganate,  21 

  22 
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 2 

chromate, perborate, hypohalite, or any combination of the above; an inhibitor such as azole, 3 

amine, amino acid, phosphate, phosphonate, or any combination of the above; and a solvent. 4 

The solvent may be an aqueous system (preferably) such as water or an organic solvent. 5 

Examples of the organic solvent are organic solvents of propylene carbonate, sulfolane, glycol 6 

ether, and methylene chloride. 7 

For example, with respect to an etchant in a chemical used to etch copper conductive 8 

lines, the copper metal is typically in a zero oxidation state. In order to etch copper, it is 9 

necessary to oxidize copper to a 0+n oxidation state, where n can be any of 1, 2, 3, or 4. The 10 

first oxidation state and the second oxidation state are generally the more common oxidation 11 

states of copper. For any molecule that is used as an etchant, the molecule must be capable of 12 

binding to copper in any of the oxidation states 1, 2, 3, or 4. This binding is usually carried out 13 

using a Group 15 (nitrogen), Group 16 (oxygen), or Group 17 (halogen) atom in one molecule. 14 

In one embodiment, the etchant used to etch the copper conductive lines is an organic etchant 15 

such as any of glycine, ethylenediaminetetraacetic acid, alpha-amino acids, polycarboxylic 16 

acids (e.g., citric acid as a tricarboxylic acid), oxalic acid, and malonic acid. 17 

For example, an oxidant in the chemical used to etch copper conductive lines is used 18 

to change the copper oxidation state from insoluble copper metal to soluble copper ions. The  19 

  20 
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 1 

oxidant can be selected from any oxidant such as any peroxide (e.g., hydrogen peroxide), ozone, 2 

permanganate, chromate, perborate, and hypohalite. 3 

For example, in order to etch the copper constituting the current carrying line in a 4 

uniform and without crystal orientation, it is important to add an inhibitor to the chemical. The 5 

role of the inhibitor is to form a passivation layer (a polymeric compound formed from the 6 

molecules of the inhibitor is used to bind the copper in a specific and periodic manner). The 7 

formation of the passivation layer during controlled etching of copper is extremely important 8 

to ensure uniformity of etching and to prevent etch attack (e.g., formation of voids) along the 9 

crystalline boundary (e.g., grain boundary). For example, any inhibitor that does not 10 

decompose in the selected oxidant and etchant can be used in the chemical for etching the 11 

copper conductive line. The class of inhibitors is known to those of ordinary skill in the art of 12 

fabrication of sub-devices. For example, any organic inhibitor including azole, amine, amino 13 

acid, phosphate, and phosphonate is used in the chemical for etching the copper conductive 14 

wire. 15 

In another embodiment, the copper conductive lines are recessed by means of wet 16 

etching using a chemical comprising citric acid and a peroxide therein. However, chemicals 17 

containing citric acid and peroxides often have high etching rates that can be difficult to control. 18 

In addition, the etching rate of the chemical comprising citric acid and peroxide depends on 19 

the crystallographic orientation that may result in a rough etched surface. When a corrosion 20 

inhibitor such as benzothiazole (BTA) is added to the chemical, dilution of the citric acid and 21 

the peroxide in the organic solvent can greatly slow down the etching rate and eliminate the 22 

crystalline nature of the etching, for example, eliminate etching holes in the copper along the 23 

grain boundaries to produce a smooth surface. 24 

Page 20 of 95



201804569 

868948-2 -17 - 

 

 

 1 

In one embodiment, the conductive lines are recessed by means of wet etching that 2 

includes spraying or pouring the etch chemical onto the conductive lines. In one embodiment, 3 

the conductive lines are recessed by a wet etching process in which the conductive lines are 4 

immersed in the etch chemical solution. In one embodiment, the wet etching is performed at a 5 

temperature of from about 15 degrees Celsius to about 50 degrees Celsius for a predetermined 6 

time to recess the conductive lines. In at least some embodiments, the conductive lines are 7 

recessed by dry etching, such as plasma etching. 8 

FIG. 2H is a diagram similar to FIG. 2G after electromigration is prevented by 9 

selectively depositing the cover layers into the respective recessed conductive lines in the 10 

channels in accordance with an embodiment of the present invention. The conductive lines 11 

etched using the chemical described above have a smooth and uniform upper surface to which 12 

the cover layer can be adhered. As shown in FIG. 2H, a cover layer 215 is deposited onto the 13 

recessed conductive lines 208 in the channel 212. In an embodiment, a channel, such as channel 14 

212, is configured to accommodate a cover layer within a width of the cover layer, such as 15 

width 209 shown in FIG. 2F. That is, the recessed conductive lines create channels that 16 

accommodate the growth of the cover layer within the channels, thereby reducing line-to-line 17 

spacing decrease and LER increase. As shown in FIG. 2H, the cover layer 215 is disposed over 18 

the conductive lines 208 in the sidewalls of the channel 212. In one embodiment, the cover 19 

layer is deposited onto the recessed conductive line by using electroless plating (e.g., plating), 20 

chemical vapor deposition (CVD), physical vapor deposition (PVD), or any other selective 21 

deposition technique known to those skilled in the art of electronic device fabrication 22 

techniques. In one embodiment, the conductive line such as the line 208 comprises a first metal, 23 

and the cover layer comprises a second metal different from the first metal, while the second 24 
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metal is used to prevent electromigration from the first metal of the conductive line. In one 1 

embodiment, the metal used for the cover layer is heavier than the metal used for the conductive 2 

line to prevent electromigration. 3 

For example, the conductive line can be made of any metal including copper or 4 

aluminum. In one embodiment, the cover layer such as the cover layer 215 is made of cobalt 5 

(Co), such as electroless cobalt alloys like cobalt borophosphide (CoBP), cobalt tungsten 6 

borophosphide (CoWBP), cobalt tungsten phosphide (CoWP), cobalt tungsten boride (CoWB), 7 

cobalt tungsten phosphate (CoWP), or any combination of the above. In another embodiment, 8 

the cover layer such as the cover layer 215 is made of nickel (Ni), such as electroless nickel 9 

alloys like nickel borophosphide (NiBP), nickel tungsten borophosphide (NiWBP), nickel 10 

tungsten phosphide (NiWP), nickel tungsten boride (NiWB), nickel tungsten phosphide 11 

(NiWP), or any combination of the above. In another embodiment, the cover layer such as the 12 

cover layer 215 is made of a platinum (Pt) group metal such as platinum (Pt), palladium (Pd), 13 

ruthenium (Ru), iridium (Ir), rhodium (Rh), etc. in the form of a pure element or alloys. Typical 14 

alloying elements for platinum (Pt) group metals are tungsten (W), boron (B), and phosphorus 15 

(P). In still another embodiment, the cover layer such as the cover layer 215 is made of a 16 

refractory metal such as tantalum (Ta), tungsten (W), molybdenum (Mo), or a combination 17 

thereof.  18 

In one embodiment, a cobalt cover layer is deposited into a channel on the recessed 19 

copper conductive layer. In one embodiment, a nickel cover layer is deposited into a channel 20 

on the recessed copper conductive layer. In one embodiment, a refractory metal cover layer is 21 

deposited into a channel on the recessed copper conductive layer. 22 
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In one embodiment, the cover layer containing a platinum (Pt) group, cobalt, nickel, or 1 

a combination of the foregoing is deposited onto the conductive layers such as copper, 2 

aluminum, and the like using any deposition technique of electroless deposition and vapor 3 

deposition such as chemical vapor deposition (CVD). In one embodiment, in one embodiment, 4 

such cover layers including refractory metals are deposited onto the conductive layers such as 5 

copper, aluminum, etc., using any of the CVD and PVD techniques known to those of ordinary 6 

skill in the art of electronic device fabrication. In one embodiment, the thickness of the cover 7 

layer, such as thickness 221, is from about 2 nanometers to about 50 nanometers. In an 8 

embodiment, the cover layer has a thickness sufficient to prevent electromigration from the 9 

underlying conductive layer. In an embodiment, the cover layer has a thickness no greater than 10 

the depth of the channel in which the cover layer is deposited. 11 

FIG. 3B is a diagram 310 similar to FIG. 3A after deposition of a cover layer to 12 

respective channels formed by the recessed conductive lines in accordance with an embodiment 13 

of the present invention. As shown in FIG. 3B, a cover layer such as cover layers 311 and 319 14 

is selectively deposited to respective channels such as channel 302 and channel 307 in the 15 

manner previously described. As shown in FIG. 3A, the cover layers are housed in their 16 

respective channels. As shown in FIG. 3B, the interval 309 isolates the cover layer 319 from 17 

the cover layer 311. In one embodiment, the spacing between the conductive lines 305 and 304 18 

and the spacing between the cover layers 319 and 311 are the same. 19 

FIG. 4 is a top view of an interconnect structure 400 of a cover layer in a channel 20 

formed by recessed conductive lines in a dielectric layer 401 selectively deposited onto a 21 

substrate in accordance with an embodiment of the present invention. As shown in FIG. 4, the 22 

LERs of the interconnect lines, such as interconnect 403, are substantially reduced, the edges  23 
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 1 

of the interconnect lines are smooth, and line-to-line spacing such as line-to-line spacing 405 2 

is increased and kept between the lines. In one embodiment, the line-to-line spacing is 3 

increased by 2 times of the cap thickness. This can result in a significant reduction in electric 4 

field and dielectric breakdown time, especially for future technology nodes with 20 nanometer 5 

lines and 20 nanometer spacing. The minimum cap thickness that is currently known to be 6 

feasible is 5 nm. This means that under the traditional method, the line-to-line spacing drawn 7 

on the mask will be 10 nm instead of 20 nm. In addition, the size of the outer edge projection 8 

is currently often about 50% of the cap thickness. For a typical cap thickness of 5-10 nm, the 9 

LER can be reduced by 3-5 nm using the method described above, regardless of the line width. 10 

For future 20 nm technology nodes, a 3-5 nm reduction in LER can result in a 15-20% increase 11 

in the line-to-line spacing of the interconnect structure. 12 

FIG. 5 illustrates a block diagram of an embodiment of a data processing system 500 13 

having a memory such as a transistor, memory 504 and memory 518, processing logic devices 14 

such as processing logic device 526, and any other integrated circuit and microelectronic device 15 

constructed using the methods described above. As shown in FIG. 5, the data processing system 16 

500 includes a processor 502 having processing logic 526. In at least some embodiments, 17 

processing logic 526 includes: at least one conductive line in a dielectric layer over a substrate; 18 

a channel in the dielectric layer and above the conductive line; and a cover layer on the at least 19 

one conductive line in the channel, the cover layer preventing electromigration in the manner 20 

previously described. In at least some embodiments, each of the memories 504 and 518  21 
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 1 

includes: at least one conductive line in a dielectric layer over a substrate; a channel in the 2 

dielectric layer and above the conductive line; and a cover layer on the at least one conductive 3 

line in the channel, the cover layer preventing electromigration in a manner previously 4 

described. 5 

In an alternative embodiment, the data processing system can be connected (e.g., wired 6 

to) a local area network (LAN), an intranet, or an inter-enterprise network ( Extranet), or other 7 

machines on the Internet. The data processing system can operate as a server or a client machine 8 

in a master-slave network environment, or operate as a machine of the same class in a peer-to-9 

peer network (or distributed network). The data processing system may be a personal computer 10 

(PC), a tablet personal computer, a set-top box (STB), a personal digital assistant (PDA), a 11 

mobile phone, a network device, a server, a network router, a switch or bridge, or any machine 12 

capable of executing a set of instructions (sequential or in other forms) that can specify actions 13 

to be accepted by the data processing system. Moreover, although only a single data processing 14 

system is shown, the term "data processing system" will also be understood to include data 15 

processing systems for performing, individually or in combination, any set of one group (or 16 

multiple groups) of instructions for performing any one or more of the methods described in 17 

the present invention. A. 18 

The exemplary data processing system 500 includes a processor 502, a main memory 19 

504 (e.g., Read Only Memory (ROM), flash memory, and Dynamic Random Access Memory  20 
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 1 

 2 

 3 

(DRAM) such as Synchronous DRAM (SDRAM) or Rambus DRAM (RDRAM)), a static 4 

memory 506 (e.g., flash memory and static random access memory (SRAM)), and an auxiliary 5 

memory 518 (for example, a data storage device) that communicate with each other via a bus 6 

530.  7 

The processor 502 represents one or more general purpose processing devices such as 8 

a microprocessor or central processing unit. More specifically, the processor 502 can be a 9 

Complex Instruction Set Computing (CISC) microprocessor, a Reduced Instruction Set 10 

Computing (RISC) microprocessor, a Long Instruction Word (VLIW) microprocessor, a 11 

processor that implements other instruction sets, or a processor that implements a combination 12 

of some instruction sets. The processor 502 may also be an Application Specific Integrated 13 

Circuit (ASIC), a Field-Programmable Gate Array (FPGA), a Digital Signal Processor (DSP), 14 

or one or more special purpose processing devices such as a network processor. The processor 15 

502 is configured to process logic 526 to perform the operations described herein. 16 
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 2 

The computer system 500 can further include a network interface device 508. The 3 

computer system 500 can also include a video display unit 510 (for example, a liquid crystal 4 

display (LCD), a light emitting diode display (LED), or a cathode ray tube (CRT), a digital 5 

input device 512 (for example, a keyboard), a cursor control device 514 (for example, a mouse), 6 

and a signal generating device 516 (for example, a speaker). 7 

The auxiliary memory 518 can include a machine-accessible storage medium (or, in 8 

particular, a computer-readable storage medium) 531, the machine-accessible medium storing 9 

one or more sets of instructions or functions (e.g., software 522) for implementing any one or 10 

more of the methods or functions in the methods or functions described herein. During 11 

execution of software 522 by computer system 500, software 522 may be stored entirely or at 12 

least partially within main memory 504 and/or processor 502, where main memory 504 and 13 

processor 502 also constitute machine readable storage media. Software 522 can be further 14 

transmitted or received via network interface device 508 and a network 520. 15 

Although the machine-accessible storage medium 531 is illustrated as a single medium 16 

in one embodiment, the term "machine-readable storage medium" shall be construed to include 17 

a single medium or multiple media (e.g., centralized or decentralized repositories and/or 18 

associated caches and servers) for storing one or more sets of instructions. The term "machine 19 

readable storage medium" shall also be construed to include any medium capable of storing or 20 

encoding a set of instructions for execution by a machine and causing the machine to perform 21 

any one or more of the methods of the present invention. The term "machine readable storage  22 
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 2 

medium" is thus to be understood to include, but is not limited to, solid state memory, optical 3 

media, and magnetic media. 4 

In an alternative embodiment, FIG. 5 illustrates a computing device 500. The 5 

computing device 500 is provided with a board 530. The board can include some components 6 

including, but not limited to, a processor 502 and at least one communication chip 508. 7 

Processor 502 is physically and electrically coupled to the board 530. In some embodiments, 8 

the at least one communication chip is also physically and electrically coupled to the board 530. 9 

In a further embodiment, the communication chip 508 is integrated within the processor 502. 10 

Computing device 500 can include other components that may or may not be physically 11 

and electrically coupled to board 530 depending on its application. These other components 12 

include, but are not limited to, volatile memory (e.g., DRAM), non-volatile memory (e.g., 13 

ROM), flash memory, graphics processors, digital signal processors, cryptographic processors, 14 

chipsets , antennas, displays, touch screen controllers, batteries, audio codec, video codec, 15 

power amplifiers, Global Positioning System (GPS) devices, compasses, accelerometers, 16 

gyroscopes, speakers, cameras, and a large number of storage devices (such as hard disk drives, 17 

solid state drives, CD players, and Digital Versatile Disk (DVD) players). 18 

The communication chip 508 is capable of performing wireless communication to 19 

transfer data into and out of the computing device 500. The term "wireless" and derivatives 20 

thereof can be used to describe items of circuitry, devices, systems, methods, techniques, or  21 
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 2 

communication channels that can utilize modulated electromagnetic radiation through a non-3 

solid medium. The term does not mean that relevant devices do not contain any wires, but such 4 

devices may not include any wires in some embodiments. The communication chip 508 can 5 

implement any wireless standard or protocol including, but not limited to, Wi-Fi (IEEE 802.11 6 

series), WiMAX (IEEE 802.16 series), IEEE 802.20, Long Term Evolution (LTE), evolution 7 

data optimization ( Ev-DO), Enhanced High Speed Packet Access Network (HSPA+), 8 

Enhanced High Speed Downlink Packet Access (HSDPA+), Enhanced High Speed Uplink 9 

Packet Access (HSUPA+), Enhanced Data GSM Environment (EDGE), Global Operations 10 

Communication System (GSM), General Packet Radio Service (GPRS), Code-Division 11 

Multiple Access (CDMA), Time Division Multiple Access (TDMA), Digital Enhanced 12 

Cordless Telecommunications (DECT), Bluetooth, derivative standards or protocols of the 13 

above, and wireless standards or protocols of any other wireless protocols known as third 14 

generation (3G), fourth generation (4G), fifth generation (5G), and future generations. 15 

Computing device 500 can include a plurality of communication chips 508. For example, a 16 

first communication chip 508 can be dedicated to short-range wireless communication such as 17 

Wi-Fi and Bluetooth, and a second communication chip 1006 can be dedicated to long-distance 18 

wireless communications such as GPS, EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and 19 

other wireless communications. 20 

Processor 502 of computing device 500 includes an integrated circuit die packaged 21 

within processor 502. In some embodiments of the invention, the integrated circuit die of the 22 

processor comprises one or more devices, such as a transistor or a metal interconnect, wherein 23 

the one or more devices are formed by using the method and apparatus that control line edge 24 
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roughness and line-to-line spacing during deposition of self-aligning metal caps in the manner 1 

in accordance with the invention. The term "processor" may refer to any device used to process 2 

electronic data from a register and/or memory and convert the electronic data into other 3 

electronic data that can be stored in a register and/or memory or part of the device. 4 

The communication chip 508 also includes an integrated circuit die that is packaged 5 

within the communication chip 508. In accordance with another embodiment of the present 6 

invention, the integrated circuit die of the communication chip includes one or more devices 7 

such as a transistor or a metal interconnect, wherein the one or more devices are formed by 8 

using the method and apparatus that control line edge roughness and line-to-line spacing during 9 

deposition of self-aligning metal caps in the manner in accordance with the invention. 10 

In a further embodiment, additional components disposed within the computing device 11 

500 can include an integrated circuit die that includes one or more devices, such as a transistor 12 

or metal interconnect, wherein the one or more devices are formed by using the method and 13 

apparatus that control line edge roughness and line-to-line spacing during deposition of self-14 

aligning metal caps in the manner in accordance with the invention. 15 

In various embodiments, the computing device 500 can be a laptop, a simple laptop, a 16 

notebook, an ultra-thin notebook, a smartphone, a tablet, a personal digital assistant (PDA), a 17 

super mobile personal computer, a mobile phone, a desktop, a server, a printer, a scanner, a 18 

monitor, a set-top box, an entertainment control unit, a digital camera, a portable music player, 19 

or a digital video recorder. In a further embodiment, the computing device 500 can be any other 20 

electronic device used to process data. 21 

In the previous specification, embodiments of the invention have been described with  22 
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reference to the specific embodiments of the invention. It is apparent that various modifications 1 

may be made to the embodiments of the invention without departing from the broad scope of 2 

the invention according to the appended claims. Accordingly, the specification and drawings 3 

are to be regarded as illustrative, rather than restrictive.  4 

 5 

【List of Reference Numerals】 6 

101: Dielectric substrate 7 

103, 104: Line 8 

105, 107: Line spacing 9 

111-113: Cap 10 

109: Outer edge projection 11 

121, 201, 301: Substrate 12 

123, 403: Interconnect line 13 

125, 405: Line to line interval 14 

203, 303, 401: Dielectric layer 15 

204: Photoresist layer 16 

202: Hard mask layer 17 

206, 220: Opening 18 

205: Conductive layer 19 

208, 304, 305: Conductive line 20 

211, 221: Thickness 21 

209, 317: Width 22 

207, 309: Interval 23 

212, 302, 307: Channel 24 
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214, 216: Sidewall 1 

213: Depth 2 

315: Length 3 

215, 311, 319: Cover layer 4 

400: Interconnect structure 5 

500: Data Processing System 6 

504: Memory 7 

526: Processing logic 8 

502: processor 9 

506: Static memory 10 

518: Auxiliary memory 11 

530: Bus bar 12 

508: Network interface device 13 

510: Video display unit 14 

512: Digital input device 15 

514: Cursor control device 16 

516: Signal generator 17 

531: Device-accessible storage media 18 

522: Software 19 

520: Network 20 

530: Board 21 

1006: Communication chip 22 

 23 
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Claims 
1. An integrated 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. 
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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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 I, ___Jian Zhang_____, declare as follows:  

 

1. I am a native speaker of Chinese and am well versed in both the Chinese and English languages 

and have over __20____ years of experience translating Chinese technical documents into 

English.  

  

2. The following translation of the corresponding source text from Chinese into English is accurate 

and complete to the best of my knowledge.  

 

 

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

information is true and accurate to the best of my knowledge. Statements made herein are to the best 

of my knowledge turn and are based on information that I believe to be true and further these 

statements were made with the knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United Sates Code 

and that such willful false statements may jeopardize the validity of the patent application in the 

United States of America or any patent issuing thereon.  

 

Executed on: November 28, 2022, at 6076 S. Paris St., Greenwood Village, CO 80111 

 

 

 

Signed by Jian Zhang       
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