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INTERCONNECT INTEGRATION 

FIELD 

[0001] This invention relates to the ?eld of integrated 
circuit fabrication. More particularly, this invention relates 
to the formation of copper metal electrical interconnects in 
an integrated circuit. 

BACKGROUND 

[0002] Consumers continually pressure integrated circuit 
manufacturers to provide devices that are smaller and faster, 
so that more operations can be performed in a given amount 
of time, using feWer devices that occupy a reduced amount 
of space and generate less heat. For many years, the inte 
grated circuit fabrication industry has been able to provide 
smaller and faster devices, Which tend to double in capacity 
every eighteen months or so. 

[0003] HoWever, as integrated circuits become smaller, the 
challenges of fabricating the devices tend to become greater. 
Fabrication processes and device con?gurations that didn’t 
present any problems at a larger device siZe tend to resolve 
into neW problems to be overcome as the device siZe is 
reduced. For eXample, in the past there Was very little 
incentive to planariZe the various layers from Which inte 
grated circuits are fabricated, and Which are formed one on 
top of another. Because the devices themselves Were rela 
tively Wide, the relatively thin layers that Were formed did 
not present many challenges to overcome in regard to 
surface topography. 

[0004] HoWever, as the devices have been reduced in siZe 
they have become relatively narroWer. Although layer thick 
ness has also generally decreased, the surface topography of 
an underlying layer tends to create greater problems for the 
proper formation of the overlying layer to be formed, unless 
the underlying layer is planariZed in some Way prior to the 
formation of the overlying layer. 

[0005] For eXample, chemical mechanical polishing can 
be used to physically and chemically erode the surface of the 
layer against a polishing pad in a slurry that contains both 
physically and chemically abrasive materials. Unfortunately, 
chemical mechanical polishing does not tend to produce 
surface topographies that are as ?at as desired because, 
although it tends to preferentially remove higher portions of 
a layer, it also attacks to at least some degree the loWer 
portions of the layer. Thus, even though the higher portions 
of the layer are removed at a rate that is someWhat greater 
than that of the loWer portions, and hence some planariZation 
does occur, there also tends to be some amount of dishing in 
the loWer portions of the layer, Where a greater amount of 
material is removed than is desired. 

[0006] As another eXample of hoW the reduction in the 
siZe of integrated circuits has effected hoW the integrated 
circuits are fabricated, in the past the material that Was 
predominantly—and almost eXclusively—used for electrical 
interconnects Was aluminum, because it Was inexpensive 
and relatively easy to Work With. HoWever, as integrated 
circuit geometries have been reduced, some of the problems 
With aluminum have become more pronounced. For 
eXample, aluminum electromigration and conductivity have 
become larger factors. Thus, different materials are substi 
tuted for aluminum in various structures. Copper is often 
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used because of its increased conductivity. HoWever, there 
are issues to overcome With the use of copper as Well. 

[0007] As a speci?c eXample, chemical mechanical pol 
ishing has typically been used in the formation of copper 
interconnects, to planariZe the deposited copper to the level 
of preexisting dielectric structures, such as may be formed 
of loW k materials, and over Which the copper has been 
deposited. Unfortunately, not only does the chemical 
mechanical polishing tend to dish the copper betWeen the 
dielectric structures, it also tends to erode to some degree the 
dielectric structures themselves, especially in loW density 
regions of such dielectric structures. 

[0008] Further, copper tends to more readily diffuse into 
the surrounding materials that are commonly used during 
integrated circuit fabrication. Thus, capping layers, such as 
silicon nitride and silicon carbide are often deposited over a 
copper layer, to reduce such diffusion into overlying inter 
metallic dielectric layers. Unfortunately, copper tends to 
form only a very Weak bond With the capping layer of silicon 
nitride or silicon carbide, and thus electromigration at the 
copper-capping layer interface continues to be a problem. 

[0009] What is needed, therefore, is a system Whereby a 
more robust copper interconnect is formed. 

SUMMARY 

[0010] The above and other needs are met by a method of 
forming a metal interconnect in an integrated circuit. A 
copper layer is formed over dielectric structures on the 
integrated circuit, Where the dielectric structures have an 
upper level. The copper layer is planariZed to be no higher 
than the upper level of the dielectric structures, Without 
reducing the upper level of the dielectric structures. An 
electrically conductive capping layer is formed over all of 
the copper layer, Without the capping layer forming over any 
of the dielectric structures. In this manner, the copper layer 
is planariZed Without eroding the level of dielectric struc 
tures. Further, the capping layer, Which is formed only over 
the copper layer, reduces the degree of diffusion from the 
copper layer to an overlying inter metallic dielectric layer, 
and reduces the electromigration of the copper at the inter 
face With the capping layer. 

[0011] In various preferred embodiments, the copper is 
formed using electrochemical deposition. The copper layer 
is preferably planariZed using electrochemical polishing. 
Preferably, the electrically conductive capping layer is 
formed using electroless deposition. The dielectric struc 
tures are preferably loW k materials. The electrically con 
ductive capping layer preferably includes at least one of 
cobalt and nickel. Preferably, an inter metallic dielectric 
layer is formed over the electrically conductive capping 
layer and the dielectric structures. A metal interconnect and 
an integrated circuit having a metal interconnect formed 
according to the method are also described. 

[0012] According to another embodiment of the invention 
there is described a method of forming a metal interconnect 
in an integrated circuit. A copper layer is formed over 
dielectric structures on the integrated circuit. The dielectric 
structures have an upper level. The copper layer is formed 
using electrochemical deposition. The copper layer is pla 
nariZed using electrochemical polishing to be no higher than 
the upper level of the dielectric structures, Which is accom 
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plished Without reducing the upper level of the dielectric 
structures. An electrically conductive capping layer is 
formed over all of the copper layer using electroless depo 
sition, Without the capping layer forming over any of the 
dielectric structures. 

[0013] In various preferred embodiments, the dielectric 
structures are formed of loW k materials. The electrically 
conductive capping layer is preferably at least one of cobalt 
and nickel. An inter metallic dielectric layer is preferably 
formed over the electrically conductive capping layer and 
the dielectric structures. 

[0014] According to yet another embodiment of the inven 
tion, there is described an integrated circuit With a metal 
interconnect. A copper layer resides betWeen dielectric 
structures, Where the dielectric structures have an upper 
level, and the upper level of the dielectric structures is 
substantially uniform across all of the dielectric structures. 
The copper layer is no higher than the upper level of the 
dielectric structures. An electrically conductive capping 
layer is disposed over all of the copper layer, but not over 
any of the dielectric structures. In various preferred embodi 
ments, the capping layer is at least partially above the upper 
level of the dielectric structures, and the electrically con 
ductive capping layer is formed of an alloy of at least one of 
cobalt and nickel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Further advantages of the invention are apparent by 
reference to the detailed description When considered in 
conjunction With the ?gures, Which are not to scale so as to 
more clearly shoW the details, Wherein like reference num 
bers indicate like elements throughout the several vieWs, and 
Wherein: 

[0016] FIG. 1 is a cross sectional vieW of a portion of an 
integrated circuit, depicting a copper layer formed over 
dielectric structures, 

[0017] FIG. 2 is a cross sectional vieW of a portion of the 
integrated circuit, depicting the planariZed copper layer and 
the unaffected dielectric structures, 

[0018] FIG. 3 is a cross sectional vieW of a portion of the 
integrated circuit, depicting the capping layer formed only 
over the copper layer and not over any of the dielectric 
structures, and 

[0019] FIG. 4 is a cross sectional vieW of a portion of the 
integrated circuit, depicting an inter metallic dielectric layer 
formed over the capping layer and the dielectric structures. 

DETAILED DESCRIPTION 

[0020] With reference noW to FIG. 1, there is given a cross 
sectional vieW of a portion of an integrated circuit 10, 
depicting a copper layer 16 formed over dielectric structures 
14 on a substrate 12. It is appreciated that the substrate 12 
may include a variety of layers and structures, in addition to 
the Wafer on Which the integrated circuit 10 is formed, Which 
layers and structures are not individually identi?ed herein so 
as to more clearly focus on the more relevant aspects of the 
invention. In preferred embodiments, the substrate 12 
includes a semiconducting substrate, such as one formed of 
one or more of silicon, germanium, and a III-V compound 
such as gallium arsenide. 

[0021] Dielectric structures 14 are formed on the substrate 
12, such as to de?ne electrically conductive circuit inter 
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connections betWeen them, in a manner as is more fully 
described hereafter. In a preferred embodiment, the dielec 
tric structures 14 are formed of a loW k material. The 
dielectric structures 14 are preferably formed having an 
upper level 18, Which is substantially uniform across all of 
the dielectric structures 14. 

[0022] A layer 16 of an electrically conductive material is 
formed over the top of the dielectric structures 14. The layer 
16 is preferably formed of a metal, and is most preferably 
formed of copper, for the reasons as given herein. The 
copper layer 16 is preferably formed using an electrochemi 
cal deposition process, as it provides a copper layer 16 
having the properties that are highly desirable for a metal 
interconnect layer. 

[0023] As depicted in FIG. 1, the copper layer 16 tends to 
be uneven across the surface of the integrated circuit 10, and 
it is desired to planariZe the copper layer 16 to about the 
upper level 18 of the dielectric structures 14. HoWever, it is 
also desired to not substantially effect or otherWise alter the 
upper level 18 of the dielectric structures 14. As mentioned 
above, some planariZation processes, such as chemical 
mechanical polishing, tend to erode such dielectric struc 
tures 14, especially relatively soft structures that are formed 
With loW k materials, and thus alter the upper level 18 of the 
dielectric structures 14. 

[0024] As depicted in FIG. 2, the copper layer 16 is 
preferably planariZed using a process that does not effect the 
upper level 18 of the dielectric structures 14, Which process 
is most preferably electrochemical polishing. As depicted in 
FIG. 2, the level of the copper layer 16 is preferably reduced 
to be at least just beloW the upper level 18 of the dielectric 
structures 14. HoWever, the surface of the copper layer 16 is 
not dished, or scooped betWeen the dielectric structures 14. 
Rather, the surface of the copper layer 16 tends to be 
relatively uniform betWeen the dielectric structures 14, espe 
cially in comparison to the dishing that Would occur during 
a chemical mechanical polishing process. It is again noted 
that this planariZation of the copper layer 16 is accomplished 
Without effecting the upper level 18 of the dielectric struc 
tures, such as rounding their upper corners or reducing their 
height. 
[0025] An electrically conductive capping layer 20 is 
preferably formed over the copper layer 16, as depicted in 
FIG. 3. HoWever, the capping layer 20 is formed only over 
the copper layer 16, and not over any of the dielectric 
structures 14. Further, the capping layer 20 is formed over all 
of the copper layer 16, Without leaving any of it eXposed. 
Because the capping layer 20 is not at any time formed over 
any of the dielectric structures 14, it does not need to be 
removed in any Way from the upper level 18 of the dielectric 
structures 14. This both simpli?es the processing of the 
integrated circuit 10, and eliminates any damage to the upper 
level 18 of the dielectric structures 14 that may occur during 
a planariZation process used to remove conductive material 
from the upper level 18 of the dielectric structures 14. In a 
preferred embodiment, the capping layer 20 is formed of a 
metal, such as an alloy, and is most preferably formed of at 
least one of cobalt and nickel. In a most preferred embodi 
ment, the capping layer 20 is formed using an electroless 
deposition. 
[0026] In one embodiment, at least a portion of the cap 
ping layer 20 eXtends above the upper level 18 of the 
dielectric structures 14. Such a con?guration could not be 
accomplished if the capping layer 20 Were deposited on both 
the copper layer 16 and the dielectric structures 14, and then 
planariZed such as With a chemical mechanical polish. 
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[0027] An inter metallic dielectric layer 22 is preferably 
formed over the top of the capping layers 20 and the 
dielectric structures 14. The inter metallic dielectric layer 22 
may be formed of, for example, one or more of a standard 
dielectric material such as silicon oxide, or a loW k material. 
In some embodiments, an ultra high k material may be 
desirable. The inter metallic dielectric layer can be used as 
Well as an etch stop layer and may be formed of, for 
example, a silicon nitride, a silicon oxinitride, or a silicon 
carbide. 

[0028] The capping layer 20 preferably provides at least 
tWo functions. First, the capping layer 20 preferably pro 
vides a diffusion barrier betWeen the copper layer 16 and the 
material of the inter metallic dielectric layer 22. Further, the 
capping layer 20 preferably provides good adhesion both at 
the interface betWeen the capping layer 20 and the copper 
layer 16 and also at the interface betWeen the capping layer 
20 and the inter metallic dielectric layer 22. Thus, the 
problems associated With both electromigration and inter 
diffusion for the interconnect structures so formed are 
reduced from that of prior art designs. 

[0029] The foregoing description of preferred embodi 
ments for this invention have been presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed. Obvious modi?cations or variations are possible 
in light of the above teachings. The embodiments are chosen 
and described in an effort to provide the best illustrations of 
the principles of the invention and its practical application, 
and to thereby enable one of ordinary skill in the art to utiliZe 
the invention in various embodiments and With various 
modi?cations as is suited to the particular use contemplated. 
All such modi?cations and variations are Within the scope of 
the invention as determined by the appended claims When 
interpreted in accordance With the breadth to Which they are 
fairly, legally, and equitably entitled. 

What is claimed is: 
1. A method of forming a metal interconnect in an 

integrated circuit, the method comprising the steps of: 

forming a copper layer over dielectric structures on the 
integrated circuit, Where the dielectric structures have 
an upper level, 

planariZing the copper layer to be no higher than the upper 
level of the dielectric structures, Without reducing the 
upper level of the dielectric structures, and 

forming an electrically conductive capping layer over all 
of the copper layer, Without the capping layer forming 
over any of the dielectric structures. 

2. The method of claim 1, Wherein the step of forming the 
copper layer comprises forming the copper layer using 
electrochemical deposition. 

3. The method of claim 1, Wherein the step of planariZing 
the copper layer comprises electrochemical polishing of the 
copper layer. 

4. The method of claim 1, Wherein the step of forming the 
electrically conductive capping layer comprises electroless 
deposition of the electrically conductive capping layer. 

5. The method of claim 1, Wherein the dielectric structures 
comprise loW k materials. 

6. The method of claim 1, Wherein the electrically con 
ductive capping layer comprises cobalt. 
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7. The method of claim 1, Wherein the electrically con 
ductive capping layer comprises nickel. 

8. The method of claim 1, further comprising the step of 
forming an inter metallic dielectric layer over the electrically 
conductive capping layer and the dielectric structures. 

9. A metal interconnect formed according to the method 
of claim 1. 

10. An integrated circuit having a metal interconnect 
formed according to the method of claim 1. 

11. A method of forming a metal interconnect in an 
integrated circuit, the method comprising the steps of: 

forming a copper layer over dielectric structures on the 
integrated circuit, Where the dielectric structures have 
an upper level, the copper layer formed using electro 
chemical deposition, 

planariZing the copper layer to be no higher than the upper 
level of the dielectric structures, Without reducing the 
upper level of the dielectric structures, the copper layer 
planariZed using electrochemical polishing, and 

forming an electrically conductive capping layer over all 
of the copper layer, Without the capping layer forming 
over any of the dielectric structures, the electrically 
conductive capping layer formed using electroless 
deposition. 

12. The method of claim 11, Wherein the dielectric 
structures comprise loW k materials. 

13. The method of claim 11, Wherein the electrically 
conductive capping layer comprises cobalt. 

14. The method of claim 11, Wherein the electrically 
conductive capping layer comprises nickel. 

15. The method of claim 11, further comprising the step 
of forming an inter metallic dielectric layer over the elec 
trically conductive capping layer and the dielectric struc 
tures. 

16. A metal interconnect formed according to the method 
of claim 11. 

17. An integrated circuit having a metal interconnect 
formed according to the method of claim 11. 

18. In an integrated circuit, the improvement comprising 
a metal interconnect including: 

a copper layer formed betWeen dielectric structures, 
Where the dielectric structures have an upper level, 
Where the upper level of the dielectric structures is 
substantially uniform across all of the dielectric struc 
tures, 

the copper layer planariZed to be no higher than the upper 
level of the dielectric structures, the copper layer hav 
ing no dishing betWeen the dielectric structures, and 

an electrically conductive capping layer over all of the 
copper layer, With none of the capping layer over any 
of the dielectric structures. 

19. The integrated circuit of claim 18, Wherein the cap 
ping layer is at least partially above the upper level of the 
dielectric structures. 

20. The integrated circuit of claim 18, Wherein the elec 
trically conductive capping layer comprises an alloy of at 
least one of cobalt and nickel. 


