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SEMCONDUCTORDEVICE WITH 
MULTI-LAYER METALLIZATION 

FIELD OF THE INVENTION 

0001 Generally, the present invention relates to semicon 
ductor devices and methods of making semiconductor 
devices. More particularly, the present invention relates to 
metallization technology. 

BACKGROUND OF THE INVENTION 

0002 Chips in certain technologies may include elec 
tronic devices and circuits that may require final or top metal 
lines having a relatively large thickness. However, the same 
chip may also include electronic devices and circuits may 
require final or top metal lines with a relatively fine pitch. 

SUMMARY OF THE INVENTION 

0003. An embodiment of the invention is a semiconductor 
device, comprising: a metallization layer comprising at least 
a first metal line and a second metal line spacedly disposed 
from the first metal line, the first metal line having a first 
thickness, the second metal line having a second thickness 
greater than the first thickness. In one or more embodiments, 
the metallization layer may be a final metal layer. 
0004. An embodiment of the invention is a semiconductor 
device, comprising: a metallization layer comprising a plu 
rality of portions, each of the portions having a different 
thickness. In one or more embodiments, the metallization 
layer may be a final metal layer. 
0005. An embodiment of the invention is a semiconductor 
structure, comprising: a metal layer comprising at least one 
metal line, the metal line comprising a plurality of portions, 
each of the portions having a different thickness. In one or 
more embodiments, the metal layer may be a final metal layer 
and the metal line may be a final metal line. 
0006 An embodiment of the invention is a method for 
forming a final metal layer of semiconductor device, com 
prising: providing a Surface; forming a first metal layer over a 
portion of the Surface; and forming a second metal layer over 
at least a portion of the first metal layer and/or over a portion 
of the surface that is not occupied by the first metal layer. 
0007. An embodiment of the invention is a method for 
forming a semiconductor device, comprising: providing a 
metal seed layer, first electroplating a first metal layer over 
the metal seen layer, and second electroplating a second 
metal layer over the first metal layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIGS. 1 through 10 provide an embodiment of a 
method of making an embodiment of a semiconductor device; 
0009 FIGS. 11 through 13A provide an embodiment of a 
method of further processing the semiconductor device from 
FIG. 10; and 
0010 FIG. 13B provides an embodiment of a semiconduc 
tor device; 
0011 FIG. 13C provides an embodiment of a semiconduc 
tor device; 
0012 FIG. 14 provides an embodiment of a semiconduc 
tor device; 
0013 FIGS. 15A through 15D shows an embodiment for 
making an embodiment of a semiconductor device; 
0014 FIGS. 16A through 16D shows an embodiment for 
making an embodiment of a semiconductor device; 
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(0015 FIGS. 17A through 17D shows an embodiment for 
making an embodiment of a semiconductor device; 
(0016 FIGS. 18A through 18D show an embodiment of a 
method of making an embodiment of a semiconductor device; 
0017 FIG. 19 shows an embodiment of a semiconductor 
device; 
0018 FIG. 20A shows an embodiment of a final metal 
layer; 
0019 FIG. 20B shows an embodiment of a final metal 
layer; 
0020 FIG. 20O shows an embodiment of a final metal 
layer; 
0021 FIG. 20D shows an embodiment of a final metal 
layer; 
0022 FIG. 20E shows an embodiment of a final metal 
layer; 
0023 FIG. 20F shows an embodiment of a final metal 
layer; and 
0024 FIG. 20G shows a cross sectional view of an 
embodiment of a semiconductor device. 

DETAILED DESCRIPTION OF THE INVENTION 

0025. The following detailed description refers to the 
accompanying drawings that show, by way of illustration, 
specific details and embodiments in which the invention may 
be practiced. These embodiments are described in sufficient 
detail to enable those skilled in the art to practice the inven 
tion. Other embodiments may be utilized and structural, logi 
cal, and electrical changes may be made without departing 
from the scope of the invention. The various embodiments are 
not necessarily mutually exclusive, as some embodiments 
can be combined with one or more other embodiments to 
form new embodiments. 
0026 FIGS. 1 through 10 provide an embodiment of a 
method of making an embodiment of a semiconductor device. 
FIG. 1 shows a semiconductor structure 100 of an embodi 
ment of a partially completed semiconductor chip or device. 
The structure 100 comprises a substrate 210. In one or more 
embodiments of the invention, the substrate 210 may be a 
p-type substrate. However, more generally, in one or more 
embodiments of the invention, the substrate may be a silicon 
substrate or other suitable substrate. The substrate may be a 
silicon-on-insulator (SOI) substrate. The SOI substrate may, 
for example, be formed by a SIMOX process. The substrate 
may be a silicon-on-sapphire (SOS) substrate. The substrate 
may be a silicon-on-germanium Substrate. 
(0027. Formed over the substrate 210 is a layer 220. The 
layer 220 may itself comprise one or more levels of metalli 
Zation layers, inter-level dielectric layers, vias, plugs etc. The 
combination of the layer 210 and layer 220 may be viewed as 
a workpiece or a Support structure for the deposition of addi 
tional layers over Such a workpiece or Support. In one or more 
embodiments, a top portion of the layer 220 may comprise an 
inter-level dielectric layer having Vias and plugs. 
(0028. Referring to FIG. 1, a barrier layer 230 may be 
formed over the layer 220. The barrier layer 230 may com 
prise a conductive material. The barrier layer 230 may com 
prise a metallic material. The barrier layer 230 may comprise 
one or more of the elements from the group consisting of Ti, 
Ta, N and W. The barrier layer 230 may comprise a Ti-based 
material or a Ta-based material. The barrier layer 230 may 
comprise one or more materials selected from the group con 
sisting of Tiw, WN, TiN, and TaN. The barrier layer may be 
formed as a composite or as a dual-layered system such as a 
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titanium/TiN or a tantalum/TaN dual-layer. The barrier layer 
230 may serve to lower or prevent diffusion between the 
materials that are on opposites sides of the barrier layer. The 
barrier layer 230 may be deposited by a chemical vapor 
deposition (CVD) or a physical vapor deposition (PVD) pro 
CCSS, 

0029 Again referring to FIG. 1, a metal seed layer 240 
may be formed over the barrier layer 230. The metal seed 
layer 240 may be formed by a sputtering process or by a 
chemical vapor deposition (CVD) process. In one or more 
embodiments, the thickness of the metal seed layer may be 
about 5000 angstroms or less. In another embodiment, the 
thickness may be about 2000 angstroms or less. In another 
embodiment, the thickness may be about 1000 angstroms or 
less. 
0030) Referring to FIG. 2, a galvanic resist 250 may be 
formed over the metal seed layer 240. The galvanic resist 250 
may be applied by a spin on process. Suitable galvanic resists 
are available commercially. Referring to FIG. 3, the galvanic 
resist 250 may be patterned and a portion may be removed 
from particular locations over the metal seed layer 240. 
0031 Referring to FIG. 4, a first metal layer 260 may be 
deposited over the metal seed layer in places where the por 
tions of galvanic resist were removed. Generally, the thick 
ness of the first metal layer 260 is not limited to any particular 
thickness. In one or more embodiments, the first metal layer 
260 may have a thickness of about 2000 nm or less. In one or 
more embodiments, the first metal layer 260 may have a 
thickness of about 1000 nm (1000 nanometers) or less. In one 
or more embodiments, the first metal layer 260 may have a 
thickness of about 500 nm or less. In one or more embodi 
ments, the first metal layer 260 may have a thickness of about 
250 nm or less. In one or more embodiments, the first metal 
layer 260 may have a thickness of about 200 nm or less. In one 
or more embodiments, the first metal layer 260 may have a 
thickness of about 150 nm or less. The thickness of the first 
metal layer 260 is shown as thickness To in FIG. 4. 
0032. The first metal layer 260 may be formed by an 
electroplating process. As a possible example of an electro 
plating process, pure copper may be electroplated by placing 
a wafer (which may, for example, have a layered arrangement 
similar to that shown in FIG. 3) into a solution of, for 
example, copper Sulfate containing copper ions. The wafer 
(with a seed layer) may be electrically coupled to a power 
Supply to form a cathode. A solid piece of pure copper may be 
placed in the solution and electrically coupled to the power 
Supply to form an anode. At the cathode, copper ions are 
reduced to metallic copper. At the anode, the pure copper is 
oxidized. Other electroplating processes are, of course, pos 
sible. In other embodiments, other metallic materials (such a 
copper alloys) may be electroplated. 
0033. In the embodiment shown in FIG. 4, the first metal 
layer 260 is formed at about the height of the galvanic resist 
250. However, in one or more embodiments, the first metal 
layer may be formed to a height which is below the height of 
the galvanic resist. In one or more embodiments, the first 
metal layer 260 may be formed to a height which is above the 
height of the galvanic resist 250. 
0034) Referring to FIG. 5, after the first metal layer 260 is 
formed, the remaining galvanic resist 250 may be removed. 
Referring to FIG. 5, it is seen that a first metal layer 260 may 
beformed which comprises four spacedly disposed first metal 
layer portions 260A-D of the first metal layer 260. In one or 
more embodiments, a first metal layer 260 may be formed 
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which comprises only a single continuous portion. In one or 
more embodiments, a first metal layer 260 may be formed 
which includes a plurality of spacedly disposed portions. In 
one or more embodiments, two or more first metal layer 
portions may have a distance between them which is less than 
about 600 nm. In another embodiment, the first metal layer 
portions may have a distance between them which is less than 
about 500 nm. As an example, the first metal layer portions 
may have a distance between them which is about 400 nm. 
The thickness of first metal layer 260 is also shown as thick 
ness To in FIG. 5. Each of the spacedly disposed portions 
260A-D may be viewed as a separate metal line. 
0035 Referring to FIG. 6, a second layer of galvanic resist 
270 may beformed over the structure from FIG. 5. Referring 
to FIG. 6, the galvanic resist 270 may then be patterned 
(where portions of the galvanic resist are removed) to form 
the structure shown in FIG. 7. Referring to FIG. 7, it is seen 
that portions of the galvanic resist 270 have been removed so 
that openings 272 are formed overlying top surfaces of the 
first metal layer 260 where a second metal layer will be 
deposited. In particular, it is seen that openings 272 are 
formed so as to expose at least a portion of the top Surface of 
each of the first metal layer portions 260A and 260D.The first 
metal layer portions 260B and 260C are left covered by the 
galvanic resist. 
0036 Referring to FIG. 8, a second metal layer 280 may 
then be deposited within the openings 272 formed in the 
galvanic resist. In the embodiment shown, the second metal 
layer 280 is disposed over and in electrical contact with the 
first metal layer portion 260A and the first metal layer portion 
260D. The deposition of the second metal layer 280 may be 
formed using an electroplating process. In the embodiment 
shown, the height of the second metal layer 280 is level with 
the height of the resist 270. However, in other embodiments it 
is possible that the second metal layer 280 is deposited below 
the top surface of the resist 270 or that is it deposited above the 
top surface of the resist 270. 
0037. In one or more embodiments, the thickness of the 
second metal layer 280 (shown as thickness Tso is FIG. 8) 
may be greater than the thickness To of the first metal layer 
260. In one or more embodiments, the thickness of the second 
metal layer 280 may be less than the thickness of the first 
metal layer 260. In one or more embodiments, the thickness 
of the second metal layer 280 may be about the same as the 
thickness of the first metal layer 260. 
0038. In one or more embodiments, the thickness Tso of 
the second metal layer 280 may be at least 2 times as large as 
the thickness of the first metal layer 260. In one or more 
embodiments, the thickness of the second metal layer 280 
may be at least 5 times as large as the thickness of the first 
metal layer 260. In one or more embodiments, the thickness 
of the second metal layer 280 may be at least 10 times as large 
as the thickness of the first metal layer 260. In one or more 
embodiments, the thickness of the second metal layer 280 
may be at least 20 times as large as the thickness of the first 
metal layer 260. In one or more embodiments, the thickness 
of the second metal layer 280 may be at least 100 times as 
large as the thickness of the first metal layer 260. 
0039. In one or more embodiments, the thickness of the 
second metal layer 280 may be about 1000 nm or greater. In 
one or more embodiments, the thickness of the second metal 
layer may be about 1500 nm or greater. In one or more 
embodiments, the thickness of the second metal layer 280 
may be about 2000 nm or greater. In one or more embodi 
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ments, the thickness of the second metal layer may be about 
2500 nm or greater. In one or more embodiments, the thick 
ness of the second metal layer 280 may be about 3000 nm or 
greater. In one or more embodiments, the thickness of the 
second metal layer may be about 5000 nm or greater. In one or 
more embodiments, the thickness of the second metal layer 
may be about 10000 nm or greater. In one or more embodi 
ments, the thickness of the second metal layer may be about 
20000 nm or greater. 
0040. In the embodiment shown FIG. 8, the second metal 
layer 280 is deposited over the two spacedly disposed first 
metal layer portions 260AD to form two metal lines M2 
having a thickness T2. As shown, a portion 280A of the 
second metal layer 280 is deposited over the portion 260A of 
first metal layer 260 to form a first metal line M2. Likewise, a 
portion 280B of the second metal layer 280 is deposited over 
the portion 260B of first metal layer 260 for form a second 
metal line M2. The remaining two first metal layer portions 
260B.C form metal lines M1 having a thickness T1 which is 
equal to the thickness To of the first metal layer. The thick 
ness T2 of metal lines M2 is greater than the thickness T1 of 
metal lines M1. Hence, two groups of metal lines are formed. 
A first group of metal lines are the metal lines M1. These 
metal lines include the first metal layer 260 but not the second 
metal layer 280. A second group of metal lines are the metal 
lines M2. These metal lines include the first metal layer 260 
and the second metal layer 280. In the embodiment shown, 
the metal lines M2 are thicker than the metal lines M1. 

0041. In an embodiment of the invention, there may be at 
least one thicker metal line and at least one thinner metal line 
(where a thicker metal line is thicker than a thinner metal 
line). In an embodiment of the invention, there may be a 
plurality of thicker metal lines. In an embodiment of the 
invention, there may be a plurality of thinner metal lines. 
0042. In one or more embodiments, the metal lines M1 
may have a thickness T1 of about 2000 nm or less. In one or 
more embodiments, the thickness T1 may be about 1000 nm 
or less. In one or more embodiments, the thickness T1 may be 
about 500 nm or less. In one or more embodiments, the 
thickness T1 may be about 250 nm or less. In one or more 
embodiments, the thickness T1 may be about 200 nm or less. 
In one or more embodiments, the thickness T1 may be about 
150 nm or less. 

0043. In one or more embodiments, the metal lines M2 
may have a thickness T2 of about 500 nm or greater. In one or 
more embodiments, the metal lines M2 may have a thickness 
T2 of about 1000 nm or greater. In one or more embodiments, 
the thickness T2 may be about 1500 nm or greater. In one or 
more embodiments, the thickness T2 may be about 2000 nm 
or greater. In one or more embodiments, the thickness T2 may 
be about 2500 nm or greater. In one or more embodiments, the 
thickness T2 may be about 3000 nm or greater. In one or more 
embodiments, the thickness T2 may be about 5000 nm or 
greater. In one or more embodiments, the thickness T2 may be 
about 10000nm or greater. In one or more embodiments, the 
thickness T2 may be about 20000 nm or greater. 
0044. In one or more embodiments, the thickness T2 of the 
metal lines M2 may greater than the thickness T1 of the metal 
lines M1. In one or more embodiments, the thickness T2 may 
be at least 2 times as large as the thickness T1. In one or more 
embodiments, the thickness T2 may be at least 5 times as 
large as the thickness T1. In one or more embodiments, the 
thickness T2 may be at least 10 times as large as the thickness 
T1. In one or more embodiments, the thickness T2 may be at 
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least 20 times as large as the thickness T1. In one or more 
embodiments, the thickness T2 may be at least 50 times as 
large as the thickness T1. In one or more embodiments, the 
thickness T2 may be at least 100 times as large as the thick 
ness T1. 
0045 Referring to FIG.8, each of the metal lines M1 have 
a width W1 while each of the metal lines M2 have a width W2. 
In the embodiment shown, the width W2 of the thicker lines 
M2 is greater than the width W1 of the thinner lines M1 (so 
that W2d W1). However, this does not have to be the case so 
that it is also possible that the thicker lines M2 have a smaller 
width that the thinner lines M1 (so that W2-W1). It is also 
possible that the thinner lines M1 and the thicker lines M2 
have the same width (so that W1=W2). Likewise, it is pos 
sible that the thicker lines M2 may each have a different width 
and/or the thinner lines M1 may each have a different width. 
0046. In the embodiment shown in FIG. 8, the distance 
between the two metal lines M1 is less than the distance 
between the two metal lines M2. However, this does not have 
to be the case. In one or more embodiments, the thinner metal 
lines M1 may have a finer pitch than the thicker metal lines 
M2, but this does not have to be the case. 
0047. In one or more embodiments, the distance between 
metal lines M1 may be about 600 nm or less. In one or more 
embodiments, the distance between metal lines M1 may be 
about 500 nm or less. In one or more embodiments, the 
distance between metal lines M1 may be about 400 nm or 
less. 

0048. In one or more embodiments, the distance between 
metal lines M2 may be about 800 nm or more. In one or more 
embodiments, the distance between metal lines M2 may be 
about 1000 nm or more. In one or more embodiments, the 
distance between metal lines M2 may be about 1500 nm or 
O. 

0049 Referring to FIG.9, after the deposition of the sec 
ond metal layer 280, the remaining portion of the galvanic 
resist may be removed. Referring to FIG. 10, after the gal 
Vanic resist is removed, in one embodiment of the invention, 
a portion of the barrier material 230 and the metal seed mate 
rial 240 which is not underlying the material of the metal lines 
M2 or the material of the metal lines M1 may be removed. 
Removing these portions of the barrier material and the seed 
material serves to electrically isolate each of the metal lines 
from the other metal lines. The removal may be accomplished 
by an etching process. The etching process may be an aniso 
tropic etching process. The etching process may be a wet etch 
or a dry etch. 
0050. At this point in the process, there are several differ 
ent ways to proceed to continue the process. Referring to FIG. 
11, after the thick and thin metal lines are electrically isolated 
from each other, a protective passivation layer 290 is depos 
ited over the structure of FIG. 10 to form the structure shown 
in FIG. 11. Generally, the passivation layer 290 may be 
formed of any dielectric material. In one embodiment, the 
passivation layer 290 may comprise an imide Such as a poly 
imide. In other embodiments, the passivation layer 290 may 
comprise an oxide, a nitride oran oxynitride. The passivation 
layer may, for example, be formed of silicon dioxide, silicon 
nitride, a silicon oxynitride or combinations thereof. In one or 
more embodiments, the passivation layer 290 may comprise 
one or more materials selected from the group consisting of 
SiN, SiON, SiC, SiO, SiO, and combinations thereof. 
0051 Referring to FIG. 12, after the passivation layer 290 

is formed, openings 292 may be formed in the passivation 
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layer so that the metal lines M2 as well as the metal lines M1 
are exposed. Referring to FIG. 13A, a passivation material 
295 may then be disposed within each of the openings and on 
top of the exposed metallic material of each of the metal lines. 
The passivation material may comprise a metallic material. 
The passivation material 295 may be a single layer of a 
metallic material. The passivation material may include two 
or more layers of different materials. For example, the passi 
vation material may include two layers such as NiP/Pd (a Pd 
layer overaNiPlayer) or NiMoP/Pd(a Pd layer overaNiMoP 
layer). As another example, the passivation material may 
include three layers such as NiP/Pd/Au (an Aulayer over a Pd 
layer over a NiPlayer) or NiMoP/Pd/Au (an Aulayer over a 
NiMoPlayer over a NiMoPlayer). It is possible that more 
than three layers be used. 
0052. In the embodiment shown in FIG.13A, openings are 
formed to expose the metal lines M2 and the metal lines M1. 
In one or more embodiments, openings 295 may be formed 
only to expose the metal lines M2 and not the metal lines M1. 
This is shown in FIG. 13B. Likewise, in one or more embodi 
ments, openings 295 may be formed only to expose the metal 
lines M1 and not the metal lines M2. This is shown in FIG. 
13C. Also, in one or more embodiments, openings may be 
formed to only to expose a portion of metal lines M2 and/or to 
only to expose a portion of the metal lines M1. 
0053 FIG. 14 shows another way of continuing the pro 
cess from what is shown in FIG. 10. Referring FIG. 14, the 
metal lines M1, M2 may be passivated by a passivation mate 
rial 395. The passivation material 395 may be substantially 
conformally deposited over the metal lines M1 and M2 as 
well as over the sidewall surfaces of the seed layer 240 and the 
sidewall surfaces of the barrier layer 230. The passivation 
material 395 may not remain on the sidewall surfaces of the 
barrier layer 230 so it is not shown over these surfaces in FIG. 
14. In another embodiment, it is possible that the passivation 
layer 395 may also remain on the sidewall surfaces of the 
barrier layer 230. 
0054. In one or more embodiments, the passivation mate 

rial 395 may comprise one or more metallic materials. The 
passivation material 395 may, for example, be a single layer 
of a metallic material or it may comprise two or more layers 
of different metallic materials. Examples of passivation lay 
ers include Ni, NiPd, NiP. Ni/Pd(a dual layer), NiP/Pd(a dual 
layer), NiP/Pd/Au (a tri-layer), NiMoP, CoW, CoWP. NiMoP/ 
Pd, Ni, Ni/Pd. A first layer may, for example, bean NiPlayer 
(or an NiMoPlayer, oran NiMoPlayer, or a CoWPlayer or a 
CoW layer, etc). This first layer may have a thickness of at 
least 300 nm. In one or more embodiments, the thickness of 
the first layer may be between about 500 nm and about 5000 
nm. A second metallic layer may be formed on top of the first 
metallic layer (which may, for example, be a layer of NiP). 
The second metallic layer may be a Pd layer. This second 
metallic layer may have a thickness of about 100 nm or 
greater. In one or more embodiments, the second metallic 
layer may have a thickness of about 100 nm to about 500 nm. 
Over the second layer, we place a third metallic layer. The 
third metallic layer may be a layer of silver or silver alloy. 
This third metallic layer may have a thickness of about 100 
nm or less. In one or more embodiments, the third layer may 
have a thickness of about 50 nm or less. The first, second and 
third layers form a sandwich of materials. This sandwich may 
be a NiP/Pd/Au Sandwich. 

0055 Referring again to FIG. 10, in another embodiment, 
it is possible the metal lines M1, M2 are not passivated at all. 
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0056 Referring, to FIGS. 13A,B,Corto FIG. 14, it is seen 
that, in one or more embodiments, two electrically isolated 
thinner metal lines M1 and two electrically isolated thicker 
metal lines M2 are formed. More generally, in one or more 
embodiments, one or more thicker metal lines may beformed 
and, one or more thinner metal lines may beformed where the 
thicker metal lines are thicker than the thinner metal lines. In 
one or more embodiments, two or more of the metal lines may 
be spacedly disposed for each other. In one or more embodi 
ments, two or more of the metal lines may be electrically 
isolated from each other. In one or more embodiments, two or 
more of the metal lines may be electrically coupled together. 
0057 The thicker and the thinner metal lines may all be 
part of the final metal layer of a semiconductor device. Hence, 
a final metal layer for a semiconductor device or semiconduc 
torchip may be formed which comprises at least a first metal 
layer and a second metal layer formed after the first metal 
layer. In one or more embodiments, the first and second metal 
layers may form a plurality of metal lines. In one or more 
embodiments, the metal lines may be spacedly disposed from 
each other (for example, they may be physically spaced apart 
from each other). One or more of the metal lines may have a 
first thickness while one or more of the metal lines may be 
have a second thickness which is thicker than the first thick 
CSS. 

0.058 As part of a final metal layer (also referred to as a top 
metal layer), in one or more embodiments, it is possible that 
the thin metal lines may be used for logic applications while 
the thick metal lines may be used for power applications. The 
thick and thin metal lines which are part of the final or top 
metal layer may be referred to as final metal lines or top metal 
lines. Hence, the final metal layer may include at least one 
thinner final metal line and at least one thicker final metal line 
where the thicker lines have a thickness greater than the 
thinner lines. 

0059. It is noted that the process described above shows 
the formation of a final metal layer having one or more final 
metal lines with a first thickness and one or more final metal 
lines with a second thickness greater than the first thickness. 
However, the process may be continued by forming (such as 
by a growth process or a deposition process) one or more 
additional metal layers (possibly, for example, by depositing 
additional layers of galvanic resist, patterning these layers 
and using an electroplating process to deposit additional 
metal layers). A final metal layer may be formed which com 
prises a plurality of final metal lines. The plurality of final 
metal lines may have a plurality of thicknesses. The plurality 
of final metal lines may be spacedly disposed from each other. 
At least two of the plurality of final metal lines may be 
electrically isolated from each other. At least two of the plu 
rality of final metal lines may be electrically coupled to each 
other. 

0060 Referring again to the embodiments shown in FIG. 
8, FIG. 12 or in FIGS. 13A through 13C, it is seen that in the 
embodiment shown, the metal lines M2 are formed so that the 
portion 260A offirst metal layer 260 completely underlies the 
portion 280A of second metal layer 280. Likewise, the por 
tion 260B of the first metal layer 260 completely underlies the 
portion 280B of the second metal line 280. 
0061 Another embodiment is shown in FIG. 15D where 
the second metal layer 280 only partially overlies the first 
metal layer portion 260A. (Of course, in yet another embodi 
ment, the second metal layer 280 may made wider so that all 
of the portion 260A underlies the layer 280). In the embodi 
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ment shown in FIG. 15D, the metal line M1 includes the first 
metal layer portion 260B but does not include any portion of 
the second metal layer 280. The metal line M1 has a thickness 
T1. The metal line M3 includes the first metal layer portion 
260A as well as the second metal layer 280. The metal line 
M3 has a thickness T3. The thickness T3 of metal line M3 is 
greater than the thickness T1 of the metal line M1. FIG. 15D 
shows how the metal lines M1 and M3 may be electrically 
isolated from each other by etching through the barrier layer 
230 and seed layer 240. FIG. 15D further shows passivation 
layer 290 and passivation layer 295. The metal lines M1, M3 
may also be passivated in a way which is similar to that shown 
in FIG. 14. 

0062 FIGS. 15A through 15D describes an embodiment 
for a method of making the embodiment shown in FIG. 15D. 
FIG. 15A shows that the first metal layer 260 comprises 
spacedly disposed first layer portions 260A and 260B. These 
first layer portions 260A, 260B may be formed in a manner 
similar to that shown in FIGS. 1 through 5. Referring to FIG. 
15B, a galvanic resist 270 may be formed over the structure 
from FIG. 15A. An opening 272 may be formed in the resist. 
A second metal layer 280 may be formed within the opening. 
This may be done using an electroplating process. The second 
metal layer 280 partially overlies the portion 260A of first 
metal layer 260. A portion of layer 280A is also formed on the 
seed layer 240. As shown in FIG. 15C, the galvanic resist 272 
may then be removed. Referring to FIG. 15D, the seed layer 
240 and the barrier layer 230 may then be etched at certain 
locations so that the metal lines M1 and M3 become electri 
cally isolated. A passivation layer 290 may then be formed 
over the structure, an opening 292 may be formed over the 
second metal layer 280 and a passivation layer 295 may be 
formed. 

0063. In the embodiment shown in FIG. 15C, the metal 
line M3 has a width W3 and a thickness T3. The metal line M1 
has a width W1 and a thickness T1. In one or more embodi 
ments, the width W3 may be greater than the width W1. In one 
or more embodiments, the width W3 may be less than the 
width W1. In one or more embodiments, the width W3 may be 
equal to the width W1. 
0064. Another embodiment is shown in FIG. 16D where 
the second metal layer 280 is spacedly disposed from the first 
metal layer 260. In the embodiment shown in FIG. 16D, the 
metal line M1 includes the first metal layer 260 but does not 
include any portion of the second metal layer 280. The metal 
line M1 has a thickness T1. Likewise, metal line M4 includes 
the second metal layer 280 but does not include any portion of 
the second metal layer 280. The metal line M4 has a thickness 
T4. The thickness T4 of the metal line M4 is greater than the 
thickness T1 of the metal line M1. FIG. 16D shows how the 
metal lines M1 and M4 may be electrically isolated from each 
other by etching through the barrier layer 230 and seed layer 
240. FIG. 16D further shows passivation layer 290 and pas 
sivation layer 295. The metal lines M1, M4 may also be 
passivated in a way which is similar to that shown in FIG. 14. 
0065 FIGS. 16A through 16D describes an embodiment 
for a method of making the embodiment shown in FIG.16D. 
FIG. 16A shows a first metal layer 260. This layer may be 
formed by an electroplating approach similar to that shown in 
FIGS. 1 through 5. Referring to FIG. 16B, a galvanic resist 
270 may be formed over the structure from FIG. 16A. An 
opening 272 may beformed in the resist. A second metal layer 
280 may be formed within the opening. This may be done 
using an electroplating process. The second metal layer 280 is 
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formed on the seed layer 240 but not on the first metal layer 
260. As shown in FIG.16C, the galvanic resist 270 may then 
be removed. Referring to FIG.16D, the seed layer 240 and the 
barrier layer 230 may then be etched at certain locations so 
that the metal lines M1 and M4 become electrically isolated. 
A passivation layer 290 may then be formed over the struc 
ture, an opening 292 may be formed over the second metal 
layer 280 and a passivation layer 295 may be formed. In the 
embodiment shown in FIGS. 16A through 16D, the first layer 
260 was deposited before the second layer 280. However, in 
another embodiment, it is possible that the layer 280 (the 
thicker one) is deposited before layer 260 (the thinner one). 
0066. In the embodiment shown in FIG. 16C, the metal 
line M4 has a width W4 and a thickness T4. The metal line M1 
has a width W1 and a thickness T1. In one or more embodi 
ments, the width W4 may be greater than the width W1. In one 
or more embodiments, the width W4 may be less than the 
width W1. In one or more embodiments, the width W4 may be 
equal to the width W1. 
0067. Another embodiment is shown in FIG. 17D where 
there are two spacedly disposed metal lines M4 and M3. In the 
embodiment shown in FIG. 17D, the metal line M4 comprises 
the second metal layer 280 but not the first metal layer 260. 
The metal line M4 has a thickness T4. 
0068 Referring to FIG. 17C, the second metal line M3 
comprises the first metal layer 260 and the portion 280B of the 
second metal layer 280. Metal line M3 comprises a first 
portion P1 that includes the first metal layer 260 but not the 
second metal layer 280. This portion P1 has a thickness To 
of the first metal layer 260. The metal line M3 comprises a 
second portion P2 that includes the second metal layer 280 
but not the first metal layer 260. This second portion P2 has a 
thickness Tso which is the thickness of the second metal 
layer 280. The metal line M3 has a third portion P3 which 
includes the first metal layer 260 and the second metal layer 
280. The portion P3, shown in FIG. 17C, is that portion of 
metal line M3 where the second metal layer 280 overlies the 
first metal layer 260. The thickness of the portion P3 is the 
sum of the thickness To of first metal layer 260 and the 
thickness Tso of second metal layer 280. This is shown as 
thickness T. The thickness T3 of the metal line M3 is 
the maximum of the thicknesses of each of the portions P1, P2 
and P3. Hence, the metal line M3 has a thickness T3 which is 
equal to the thickness Tolera. 
0069. In the embodiment shown in FIG. 17C, the metal 
line M3 has three portions where each portion has a different 
thickness. In the embodiment shown in FIG. 17C, the thick 
ness of metal line M3 changes in the direction along the width 
of the metal line. 

0070. It is noted that this discuss of metal line M3 as 
shown in FIGS. 17C and 17D is also true for the metal line M3 
shown in FIGS. 15C and 15D. 
(0071 FIGS. 17A through 17D describes an embodiment 
for a method of making the embodiment shown in FIG. 17D. 
FIG. 17A shows a first metal layer 260. This layer may be 
formed by an electroplating approach similar to that shown in 
FIGS. 1 through 5. Referring to FIG. 17B, a galvanic resist 
270 may be formed over the structure from FIG. 17A. Open 
ings 272A and 272B may be formed in the resist. A second 
metal layer 280 may be formed within each of the openings. 
Portion 280A is formed in opening 272A. Portion 280B is 
formed in opening 272B. This may be done using an electro 
plating process. As shown in FIG.17C, the galvanic resist 270 
may then be removed. Referring to FIG. 17D, the seed layer 
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240 and the barrier layer 230 may then be etched at certain 
locations so that the metal lines M3 and M4 become electri 
cally isolated from each other. A passivation layer 290 may 
then be formed over the structure, an opening 292 may be 
formed over the second metal layer 280 and a passivation 
layer 295 may be formed. 
0072. In the embodiment shown in FIG. 17C, the metal 
line M3 has a width W3 and a thickness T3. The metal line M4 
has a width W4 and a thickness T4. In one or more embodi 
ments, the width W4 may be greater than the width W3. In one 
or more embodiments, the width W4 may be less than the 
width W3. In one or more embodiments, the width W4 may be 
equal to the width W3. 
0073. Another embodiment is shown in FIG. 18D where 
there are two spaceldly disposed metal lines M1 and M5. In 
the embodiment shown in FIG. 18D, the metal line M5 com 
prises the second metal layer 280 as well as a third metal layer. 
The metal line M1 comprises the first metal layer 260 but not 
the second metal layer 280 and not the third metal layer 330. 
In the embodiment shown, the metal line M5 has a thickness 
T5 that is larger than the thickness T1 of the metal line M1. 
0074 FIGS. 18A through 18D describes an embodiment 
for a method of making the embodiment shown in FIF. 18D. 
FIG. 18A shows a first metal layer 260 and a second layer 280. 
These layers may be formed by two electroplating steps: one 
for layer 260 and one for layer 280. This may be done using 
processing steps similar to those described for FIGS. 1 
through 8. Referring to FIG. 18B, a galvanic resist 270' may 
be formed over the structure from FIG. 18A.. Opening 272 
may be formed in the resist 270' over the metal layer 280. 
0075 Referring to FIG. 18C, an electroplating process 
may then be used to form a third metal layer 330 over a top 
surface of the second metal layer 280. Referring to FIG. 18D, 
the barrier layer 230 and seed layer 240 may be etch through 
and the galavanic resist 270' may be removed. A passivation 
layer 290 may be applied. 
0076 Hence, referring to FIGS. 18C and 18D, it is seen 
that two metal lines are formed by the process. These are 
metal line M1 and metal line M5. The metal line M1 includes 
the first metal layer 260 but not the second metal layer 280 or 
the third metal layer 330. A metal line M5 is formed that 
include a second metal layer 280 and a third metal layer 330. 
0077. In the embodiment shown in FIG. 18C, the metal 
line M5 has a width W5 and a thickness T5. The metal line M1 
has a width W1 and a thickness T1. In one or more embodi 
ments, the width W5 may be greater than the width W1. In one 
or more embodiments, the width W5 may be less than the 
width W1. In one or more embodiments, the width W5 may be 
equal to the width W1. 
0078. The third metal layer 330 shown in FIGS. 18C and 
18D may comprise any metallic material. The metallic mate 
rial may comprise a pure metal or a metal alloy. The metallic 
material may, for example, comprise Pd/Ni, Co, CoW. CoWP. 
NiB, Ni, NiP. Sn, Ag, Au, Pd, Cu or a combination or sand 
wich of two or more of these materials (for example, PdNi, 
Ni/Pd, NiPd/Pd/Au, NiP/Ni/Pd/Au, etc) Generally, the third 
metal layer may have any thickness. In one or more embodi 
ments, the thickness of the third metal layer 330 may be about 
500 nm or greater. The thickness of the third metal layer may 
even reach about 5000 nm. 

0079. In the embodiment shown, the third metal layer 330 
is thinner than the second metal layer 280. Hence, the 
embodiment shows how a thinner metal layer may be formed 
over a thicker metal layer. However, in another embodiment, 
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it is possible that the third metal layer is thicker than the 
second metal layer. Likewise, in another embodiment, it is 
possible that the third metal layer 330 has about the same 
thickness as the second metal layer 280. In another embodi 
ment, it is also possible that the third metal layer 330 be 
formed over the first metal layer 260. 
0080. In the embodiments shown in FIGS. 9, 16A, 17A, 
and 18A the first metal layer 260 may be formed before the 
second metal layer 280. In the embodiment shown, the first 
metal layer 260 is thinner than the second metal layer 280. 
However, in one or more embodiments, it is also possible that 
the first metal layer be thicker than the second metal layer so 
that the thicker layer is formed before the thinner layer. 
Hence, in one or more embodiments of the invention the 
metal lines having different thickness may beformed by first 
depositing a thick metal layer and then depositing a thin metal 
layer in a downstream processing step. 
I0081 Generally, two or more metal layers (such as first 
metal layer 260, second metal layer 280 and third metal layer 
330 as shown in FIG. 18D) to form a final metal layer having 
a plurality of final metal lines with a plurality of thicknesses. 
Each of the final metal lines may be spacedly disposed from 
the other final metal lines. Each of the final metal lines may be 
electrically isolated from the other metal lines. Two or more 
of the final metal lines may be electrically coupled together. 
Two or more may be coupled to the same ground or to the 
same potential). The final metal layer may have final metal 
lines with two, three, four, five or more thicknesses. 
0082 FIG. 19 shows an embodiment of a structure of the 
present invention wherein a metallization layer includes a 
metal line M1 having a thickness T1, a metal line M4 with a 
thickness T4 and a metal line T5 with a thickness T5. In the 
embodiment shown, the thickness T5 is greater than the thick 
ness T4 which is greater than the thickness T1. The metal line 
M1 is formed from first metal layer 260. The metal line M4 is 
formed from the second metal layer 280. The final metal line 
M5 is formed from both the second metal layer 280 and the 
third metal layer 330. Hence, this is an example of a metalli 
zation layer having metal lines with three different thick 
nesses. In one or more embodiments, the metallization layer 
may be a final metal layer. Likewise, the metal lines M1, M4 
and M5 may be final metal lines. 
0083. Another embodiment of is shown in FIGS. 20A 
through 20G. The embodiment shows an example of a final 
metal layer comprising a metal line M6 that has a plurality of 
portions having different thicknesses. The metal line M6 is 
formed from a first metal layer 260 (that includes a first 
portion 260A and a second portion 260B) and a second metal 
layer 280. FIG. 20A shows a top view of the metal line M6. 
FIG. 20O shows a cross sectional view of metal line M6 
through X-X that shows the substrate 210, the layer 220, the 
barrier layer 230 and the seed layer 240 (e.g. metallic seed 
layer). 
I0084. The metal line M6 may beformed in different ways. 
In one or more embodiment, the metal line M6 may beformed 
by depositing a first galvanic resist over the seed layer 240, 
patterning the first galvanic resist to form openings in the first 
resist, depositing the first metal layer 260 by an electroplating 
process to form portions 260A and 260B, removing the first 
galvanic resist, depositing a second galvanic resist, patterning 
the second galvanic resist to form an opening in the second 
galvanic resist, depositing the second metal layer 280, and 



US 2009/0079080 A1 

removing the second galvanic resist. Referring to FIGS. 20A 
and 20F, it is seen that a portion of layer 280 overlies a portion 
of layer 260. 
I0085. Referring to FIG. 20A, it is seen that the portions 
260A and 260B of the first metal layer 260 each has a width 
Wo. The metal layer 280 has a width Ws. In the embodi 
ment shown, the width West of the second metal layer 280 is 
larger than the then width Weo of the first metal layer 260. 
However, in other embodiments, the width of first metal layer 
260 may be greater than the width of second metal layer 280. 
Likewise, in other embodiments, the width of first metal layer 
260 may the same as the width of second metal layer 280. 
I0086) Referring to FIG.20B, the portions 260A and 260B 
of the first metal layer 260 each has a length Leo. Referring 
to FIG.20C, the second metal layer 280 has a length Laso. In 
the embodiment shown, it is seen that the length Leso of metal 
layer 280 has a bend. In the embodiment shown, the length of 
the metal layer 280 is greater than the length of each of the 
portions 260A and 260B of the metal layer 260. But, in other 
embodiments, the length of the metal layer 280 may be less 
than the length of one or both of the portions 260A, 260B of 
the metal layer 260. 
I0087. The total lengthwise direction of the metal line M6 
may be viewed as the combination of the length Leo of metal 
layer 260 and length Las of metal layer 280. This is shown as 
length L that is shown in FIG. 20D. 
I0088 Referring to FIG.20G it is seen that the metal layer 
280 has a thickness Tso. In addition, the portions 260A and 
260B of metallayer 260 each have a thickness T. Referring 
to FIGS. 20E and 20G, it is seen that the metal line M6 
comprises a first portion P1 that includes only the first metal 
layer 260 having a first thickness To. The metal line M6 
comprises a second portion P2 that includes only the second 
metal layer 280 having a second thickness Tso. The metal 
line M6 also includes a third portion P3 where the second 
metal layer 280 overlaps the first metal layer 260. This portion 
P3 includes both the first metal layer 260 and the second metal 
layer 280. This portion P3 has a thickness T, which 
may be essentially equal to the combined thickness of the first 
metal layer 260 and the second metal layer 280. The thickness 
of the entire line M6 is considered to be the maximum of the 
thicknesses of the portions P1, P2 and P3. Hence, the thick 
ness of the entire line M6 has a thickness T6 which is equal to 
the thickness Toverrap. 
0089 Hence, the metal line M6 comprises three portions 
with three different thicknesses. More generally, in one or 
more embodiments, a metal line may have a plurality of 
portions where each portion has a different thickness. In one 
or more embodiments, the thickness may change along the 
width of the metal line. An example of this embodiment is 
shown as metal line M3 shown in FIG. 17C. In one or more 
embodiments, the thickness may change along the length of 
the metal line. An example of this embodiment is shown as 
metal line M6 in FIG.20A. In one or more embodiments, it is 
also possible that the thickness changes in the direction along 
the width of the metal line and in the direction along the 
length of the metal line. 
0090. A metal line such as the metal line M6 shown in FIG. 
20A may be useful. For example, referring to FIG. 20F, it is 
seen that one end of the thicker portion 280 may be electri 
cally coupled to a power supply 500. The power from the 
power supply 500 may be distributed from the thicker portion 
280 to the thinner portions 260. The thinner portions may be 
used to distribution the power to logic or analog circuits 600. 
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0091. In one or more embodiments, it is possible to form a 
single metal line that comprises a plurality of portions. Each 
of the portions may have different thickness. Generally, metal 
lines may be formed that have any shape. As one example, 
they may be straight. As another example, they may be bent. 
0092 All of the concepts described above may be useful 
for the formation of a final or top metal layer and for the 
formation of final or top metal lines of a semiconductor chip 
or device. However, it is understood that the discussion is 
applicable to the metallization layer of any metallization level 
of a semiconductor chip, a semiconductor device and/or a 
semiconductor structure. In one or more embodiments, met 
allization layers may, for example, be referred to as Metal-1, 
Metal-2, and so on. 
(0093. It is noted that all of the metal layers described 
herein may comprise any metallic material. All of the metal 
layers described herein such as, without limitation, the metal 
seed layer (such as metal seed layer 240 shown in FIG. 7), the 
first metal layer (such as first metal layer 260 shown in FIG. 
7), the second metal layer (such as second metal layer 280 
shown in FIG. 8) as well as the third metal layer (such as third 
metal layer330 shown in FIG. 18C) may comprise any metal 
lic material. The metallic material may be a pure metal or an 
alloy. In one or more embodiments, it is possible that a pure 
metal may include trace amounts of impurities. 
0094. The metallic material may be an alloy. The alloy 
may comprise two or more metallic elements. The alloy may 
consist essentially of two or more metallic elements. The 
alloy may comprise a metallic element and a non-metallic 
element. In one or more embodiments, the alloy may, for 
example, be steel. The alloy may comprise the element car 
bon. Examples of pure metals include, but are not limited to, 
pure copper, pure gold, pure silver, pure aluminum and pure 
tungsten. Examples of metals include metallic copper, metal 
lic gold, metallic silver, metallic aluminum and metallic tung 
sten. Examples of alloys include, but are not limited to, cop 
per alloys, gold alloys, silver alloys, aluminum alloys and 
tungsten alloys. An example of an alloy is a copper aluminum 
alloy. The metallic material may comprise pure copper or a 
copper alloy. The metallic material may comprise the element 
copper (the element Cu). The metal seed layer, the first metal 
layer, the second metal layer and the third metal layer may all 
beformed of the same material or they (e.g. two or more of the 
layers) may be formed of different materials. One or more of 
the layers may be formed as a heterogeneous mixture of two 
or more materials. One or more of the layer may be a com 
posite material. One or more of the layers may be formed as 
two or more Sub-layers. 
0.095 Hence, one or more embodiments may be a semi 
conductor chip and/or semiconductor device and/or semicon 
ductor structure having a metallization layer comprising a 
plurality of metal lines having a plurality of thicknesses. The 
metal lines may all be spacedly disposed from each other. The 
metal lines may all be electrically isolated from each other. In 
one or more embodiments, the final metal layer may include 
a plurality of metal lines having the same thickness. The 
metallization layer may be a final or top metal layer. The 
metal lines may be final or top metal lines. 
0096. It is noted that the metal lines (such as final metal 
lines) as described herein may have any widths. In one or 
more embodiments, the thicker metal lines may have a wider 
width thanathinnerline. However, this does not have to be the 
case. It may also be possible that a thicker line be narrower 
than a thinner line. 
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0097. As an example, the metallization layer (such as final 
or top metal layer) may have at least one thicker metal line and 
at least one thinner metal line. In one or more embodiments, 
there may be at least two thicker metal lines. In one or more 
embodiments, there may be at least one thin metal line. The 
thicker and thinner metals may all be spacedly disposed from 
each other. The thicker and thinner metal lines may all be 
electrically isolated from each other. 
0098. A semiconductor device and/or a semiconductor 
chip and/or a semiconductor structure having a metallization 
layer (Such as a final or top metal layer) with a plurality of 
metal lines (such as final or top metal lines) with a plurality of 
thicknesses (for example, with both thicker and thinner metal 
lines) may have many applications. For example, semicon 
ductor devices and chips in Smart Power technologies may 
include DMOS transistors which require relatively thick 
metal lines (such as final metal lines). Such lines may require 
a relatively wide pitch (distance between lines). On the other 
hand, the same semiconductor devices and chips may include 
logic applications which require a metallization system with 
a relatively fine or narrow pitch. For the logic applications, 
thinner metal lines (such as thinner final metal lines) may be 
better Suited so as to accommodate a finer pitch. 
0099. It is to be understood that the disclosure set forth 
herein is presented in the form of detailed embodiments 
described for the purpose of making a full and complete 
disclosure of the present invention, and that such details are 
not to be interpreted as limiting the true scope of this inven 
tion as set forth and defined in the appended claims. 
What is claimed is: 
1. A semiconductor device, comprising: 
a metallization layer comprising at least a first metal line 

and a second metal line spacedly disposed from said first 
metal line, said first metal line having a first thickness, 
said second metal line having a second thickness greater 
than said first thickness. 

2. The device of claim 1, wherein said metallization layer is 
a final metal layer. 

3. The device of claim 1, wherein said first metal line is 
electrically insulated from said second metal line. 

4. The device of claim 1, wherein said final metal layer 
comprises a pure metal or an alloy. 

5. The device of claim 1, wherein said final metal layer 
comprises the element copper. 

6. The device of claim 1, wherein said first metal line 
comprises a first metal layer, said second metal line compris 
ing a second metal layer at least partially overlying said first 
metal layer. 

7. A semiconductor device, comprising: 
a metallization layer comprising a plurality of portions, 

each of said portions having a different thickness. 
8. The device of claim 7, wherein said metallization layer is 

a final metal layer. 
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9. The device of claim 7, wherein each of said portions are 
spacedly disposed from each other. 

10. The device of claim 7, wherein said portions are all part 
of single metal line. 

11. The device of claim 7, wherein said metallization layer 
comprises the element copper. 

12. A semiconductor structure, comprising: 
a metallization layer comprising at least one metal line, 

said metal line comprising a plurality of portions, each 
of said portions having a different thickness. 

13. The structure of claim 12, wherein said metallization 
layer is a final metal layer and said metal line is a final metal 
line. 

14. The device of claim 12, wherein said metal line com 
prises the element copper. 

15. The device of claim 12, wherein said metal line com 
prises pure copper or a copper alloy. 

16. A method for forming a final metal layer of semicon 
ductor device, comprising: 

providing a Surface; 
forming a first metal layer over a portion of said Surface; 

and 
forming a second metal layer over at least a portion of said 

first metal layer and/or over a portion of said surface that 
is not occupied by said first metal layer. 

17. The method of claim 16, wherein said second metal 
layer is formed over at least a portion of said first metal layer. 

18. The method of claim 16, wherein said second metal 
layer is formed over at least a portion of said surface not 
occupied by said first metal layer. 

19. The method of claim 16, wherein said surface is the 
Surface of a metal seed layer. 

20. The method of claim 16, wherein said first metal layer 
is formed by an electroplating process. 

21. The method of claim 16, wherein said second metal 
layer is formed by an electroplating process. 

22. The method of claim 16, wherein said first metal layer 
comprises the element copper and said second metal layer 
comprises the element copper. 

23. A method for forming a semiconductor device, com 
prising: 

providing a metal seed layer; 
first electroplating a first metal layer over said metal seen 

layer; and 
second electroplating a second metal layer over said first 

metal layer. 
24. The method of claim 23, wherein said metal seed layer, 

said first metal layer and said second metal layer comprise the 
element copper. 

25. The method of claim 23, wherein said metal seed layer, 
said first metal layer and said second metal layer comprise 
pure copper or a copper alloy. 
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