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SEMICONDUCTOR STRUCTURE AND 
METHOD FOR MAKING SAME 

TECHNICAL FIELD 

[0001] One or more embodiments relate to relate to semi 
conductor structures and methods for making semiconductor 
structures. 

BACKGROUND 

[0002] Conventional damascene or dual-damascene elec 
troplating of large structures (e.g. pads, conductive lines, vias 
in the upper metalliZation levels, in redistribution layers on 
top of passivation or in fan-in and fan-out Wafer level pack 
aging concepts) may suffer from a thick overburden of the 
plated metal on planar surfaces outside of the damascene 
feature. This heavy metal overburden leads to long plating 
times and especially to extremely long chemical mechanical 
polishing (CMP) or etching times to remove and planariZe the 
metal overburden on the planar surfaces. These long CMP or 
etching times may make the process very expensive and unfa 
vorable for volume manufacturing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The accompanying draWings are included to pro 
vide a further understanding of embodiments and are incor 
porated in and constitute a part of this speci?cation. The 
draWings illustrate embodiments and together With the 
description serve to explain principles of embodiments. Other 
embodiments and many of the intended advantages of 
embodiments Will be readily appreciated as they become 
clear better understood by reference to the folloWing detailed 
description. The elements of the draWings are not necessarily 
to scale relative to each other. 
[0004] FIGS. 1 through 9 shoW a method for manufacturing 
a structure (for example, a semiconductor structure) in accor 
dance With an embodiment of the present invention; 
[0005] FIG. 10 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention; 
[0006] FIG. 11 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention; 
[0007] FIG. 12 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention; 
[0008] FIGS. 13 through 15 shoWs a method for making a 
structure (for example, a semiconductor structure) in accor 
dance With an embodiment of the present invention; 
[0009] FIG. 16 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention; 
[0010] FIG. 17 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention; 
[0011] FIG. 18 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention; and 
[0012] FIGS. 19 through 23 shoW a method of making a 
structure (for example, a semiconductor structure) in accor 
dance With an embodiment of the present invention; 
[0013] FIG. 24 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention; and 
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[0014] FIG. 25 shoWs a structure (for example, a semicon 
ductor structure) in accordance With an embodiment of the 
present invention. 

DETAILED DESCRIPTION 

[0015] The folloWing detailed description refers to the 
accompanying draWings that shoW, by Way of illustration, 
speci?c details and embodiments in Which the invention may 
be practiced. These embodiments are described in suf?cient 
detail to enable those skilled in the art to practice the inven 
tion. Other embodiments may be utiliZed and structural, lo gi 
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. 
[0016] FIG. 1 shoWs a Workpiece 210 Which may, for 
example, be part of or may include an electronic device such 
as a semiconductor device. An electronic device may be a 
semiconductor structure. The Workpiece 210 may be part of 
or may include a semiconductor structure. The Workpiece 210 
may, for example, be part of or may include a semiconductor 
chip and/or integrated circuit. The semiconductor chip may 
include an integrated circuit. 
[0017] The Workpiece 210 includes a top surface 210T. In 
one or more embodiments, the Workpiece 21 0 may be homo g 
enous. HoWever, in one or more embodiments, the Workpiece 
210 may comprise a plurality of layers of different materials. 
The Workpiece 210 may, for example, include a dielectric 
material. The Workpiece 210 may, for example, be a dielectric 
layer. The Workpiece 210 may, for example, include a dielec 
tric layer. 
[0018] The Workpiece 210 may include a semiconductor 
substrate With electronic devices (eg semiconductor 
devices) and a multilevel interconnect architecture on top of 
the semiconductor substrate. The semiconductor substrate 
may comprise bulk silicon, a bulk silicon Wafer, silicon on 
insulator (SOI), a silicon on insulator Wafer, silicon carbide 
(SiC), silicon carbide Wafers, germanium (Ge), germanium 
Wafers, gallium arsenide (GaAS), a gallium arsenide Wafer or 
other III/V materials and III/V Wafers. The Workpiece may 
comprise an embedded Waferlevel ball grid array (eWLB) 
arti?cial Wafer or panel. The Workpiece may comprise a sili 
con interposer or silicon substrate or alternatively an organic 
substrate or glass substrate. The Workpiece may comprise a 
printed circuit board (PCB) or laminate panel. The Workpiece 
may comprise a photo-voltaic panel. The Workpiece may be 
built out of a single layer or out of a multitude of layers of 
different materials. 
[0019] The Workpiece includes a top surface 210T. The top 
surface 210T may comprise an insulating material, a semi 
conductive material, a conductive material or combinations 
and mixtures thereof. 
[0020] Referring to FIG. 2, an opening 310 may be formed 
Within the Workpiece 210 so as to form a Workpiece 310 that 
includes an opening 310. Generally, the opening 310 may be 
any type of opening. The opening 310 may be a trench or a 
hole. The opening 310 may have any cross sectional shape. It 
is understood that the opening 310 may be formed in any Way. 
In one or more embodiments, the opening 310 may be formed 
by an etch process (such as a dry etch process). 
[0021] In one or more embodiments, the opening 310 may 
have a Width of about 1 pm (micron) or greater. In one or more 
embodiments, the opening 310 may have a Width of about 1 .5 
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um (microns) or greater. In one or more embodiments, the 
opening 310 may have a Width of about 2 pm (microns) or 
greater. 
[0022] In one or more embodiments, the opening 310 may 
have a minimum Width of about 1 pm (micron) or greater. In 
one or more embodiments, the opening 310 may have a mini 
mum Width of about 1.5 pm (microns) or greater. In one or 
more embodiments, the opening 310 may have a minimum 
Width of about 2 um (microns) or greater. 
[0023] Referring to FIG. 2, the opening 310 may include a 
bottom surface 310B. The opening 310 may further include 
one or more sideWall surfaces 3108. In one or more embodi 

ments, the sideWall surfaces 3108 may be substantially ver 
tical. However, in other embodiments, the sideWall surfaces 
may have other shapes such as, for example, sloped, tilted or 
even step-shaped. 
[0024] In the embodiment shoWn in FIG. 2, the opening 310 
is formed With the Workpiece 210. In one or more embodi 
ments, an opening that is formed Within a Workpiece may not 
go through the Workpiece 210. HoWever, in another embodi 
ment, an opening forming Within a Workpiece may be formed 
Which goes through the Workpiece 210 (for example, from a 
top surface to a bottom surface). 
[0025] In some embodiments, the opening 310 may be a 
single damascene opening. HoWever, in some embodiments, 
the opening 310 may be replaced With a multi-damascene 
opening such as a dual-damascene opening. The opening 310 
may be formed by one or more masking steps. In some 
embodiments, an opening may be formed using tWo or more 
masking steps. Hence, the present invention is applicable to 
all type openings. 
[0026] Referring to FIG. 3, a ?rst barrier layer 410 may be 
formed over the Workpiece 210 so that the ?rst barrier layer 
410 may be formed over the top surface 210T and Within the 
opening 310. The ?rst barrier layer 410 may be formed over 
the top surface 210T of the Workpiece 210 as Well as over the 
sideWall surfaces 310S and bottom surface 310B of the open 
ing 310. In one or more embodiments, the ?rst barrier layer 
410 may be formed on (and in direct contact With) the Work 
piece 210 such that the ?rst barrier layer 410 may be formed 
on (and in direct contact With) the top surface 410T as Well as 
on (and in direct contact With) the bottom surface 210B and 
the one or more sideWall surfaces 410S of the opening 310. 

[0027] The ?rst barrier layer 410 may be formed by a depo 
sition and/or groWth process. The deposition process of the 
?rst barrier layer may be a substantially conformal deposi 
tion. HoWever, a non-conformal but continuous and uninter 
rupted deposition of the layer may be feasible as Well. The 
?rst barrier layer 410 may be deposited using a chemical 
vapor deposition process (CVD), a physical vapor deposition 
process (PVD) and/or a sputtering process. The ?rst barrier 
layer 410 may itself include a stack of tWo or more layers of 
different materials. The ?rst barrier layer 410 may include a 
top surface 410T, one or more sideWall surfaces 410S and a 
bottom surface 410B. 
[0028] Referring to FIG. 4, an intermediate conductive 
layer 420 may then be formed over the ?rst barrier layer 410. 
The intermediate conductive layer 420 may be formed over 
the top surface 410T of the ?rst barrier layer 410 as Well as 
over the sideWall surfaces 410S and the bottom surface 410B 
of the ?rst barrier layer 410. The intermediate conductive 
layer 420 may be formed Within the opening 310 as Well as 
outside the opening 310. The intermediate conductive layer 
may be formed by a deposition and/or groWth process. The 
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deposition process of the intermediate conductive layer 420 
may be a substantially conformal deposition. HoWever, a 
non-conformal but continuous and uninterrupted deposition 
of the layer may be feasible as Well. The deposition process 
may include a chemical vapor deposition process, a physical 
vapor deposition process and/or a sputter process. The inter 
mediate conductive layer 420 includes a top surface 420T, 
one or more sideWall surfaces 420S and a bottom surface 
420B as shoWn in FIG. 4. 

[0029] In one or more embodiments, the intermediate con 
ductive layer 420 may be formed directly on the ?rst barrier 
layer 410. 
[0030] Referring to FIG. 5, a second barrier layer 430 may 
then be formed over the intermediate conductive layer 420. 
The second barrier layer 430 may be formed over the top 
surface 420T, the sideWall surfaces 420S and the bottom 
surface 420B of the intermediate conductive layer 420. The 
second barrier layer 430 may be formed Within the opening 
310 and as Well as outside the opening 310. The second 
barrier layer 430 may be formed by a deposition and/or 
groWth process. The deposition process of the second barrier 
layer 430 may be a substantially conformal deposition. HoW 
ever, a non-conformal but continuous and uninterrupted 
deposition of the layer may be feasible as Well. The deposition 
process may include a chemical vapor deposition, a physical 
vapor deposition and/ or a sputtering process. The second 
barrier layer 430 includes a top surface 430T, one or more 
sideWall surfaces 430S and a bottom surface 430B. 

[0031] In one or more embodiments, the second barrier 
layer 430 may be formed in directly on the intermediate 
conductive layer 420. 
[0032] Referring to FIG. 5, as a result of forming the layers 
410, 420 and 430 over the Workpiece 210, a structure 210' is 
formed Which may be used for the formation (e.g. deposition 
and/ or groWth) of one or more additional layers. The structure 
210' includes the Workpiece 210 as Well as the layers 410, 420 
and 430. The structure 210' includes a top surface 430T. The 
structure 210' includes an opening 310' having one or more 
sideWall surfaces 4308 as Well as a bottom surface 430B. 

[0033] Referring to FIG. 6, a seed layer 440 may then be 
formed over the second barrier layer 430. The seed layer 440 
may be formed over the top surface 430T, the sideWall sur 
faces 4308 and the bottom surface 430B of the second barrier 
layer 430. The seed layer 440 may be formed Within the 
opening 310 and as Well as outside the opening 310. The 
formation process may include a deposition process and/or 
groWth process. The deposition the seed layer 440 may be a 
substantially conformal deposition. HoWever, a non-confor 
mal but continuous and uninterrupted deposition of the layer 
may be feasible as Well. The deposition process may include 
a chemical vapor deposition, a physical vapor deposition 
and/or a sputtering process. The seed layer 440 includes a top 
surface 440T, one or more sideWall surfaces 440S and a 
bottom surface 440B. 
[0034] In one or more embodiments, the seed layer 440 
may be formed directly on the second barrier layer 430. 
[0035] From the perspective of opening 310', the seed layer 
440 may be vieWed as be formed Within the opening 310' as 
Well as outside the opening 310'. 
[0036] Referring to FIG. 7, a portion of the seed layer 440 
may then be removed (for example, selectively removed). The 
seed layer 440 may, for example, be removed from at least the 
top surface 430T of the second barrier layer 430. In one or 
more embodiments, it is possible that the seed layer 440 also 
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be removed from at least a portion of the sidewall surfaces of 
the second barrier layer 430. For example, in one or more 
embodiments, it is possible that the seed layer 440 also be 
removed from a portion of the sidewall surfaces of the second 
barrier layer 430. In one or more embodiments, it may also be 
possible that the seed layer be removed from all (or substan 
tially all) of the sidewall surfaces 430S of the second barrier 
layer. It is also possible that the seed layer 430 be removed 
from none (or substantially none) of the sidewall surfaces 
430S of the second barrier layer 430. In some embodiments, 
the amount of seed layer 440 removed from the sidewall 
surfaces 4308 be trace amounts. In some embodiments, it 
may also be possible that a small amount of seed layer 440 be 
left on the top surface 430T of the second barrier layer 430. 
[0037] The removal of a portion of the seed layer 440 may 
leave a remaining portion 440R of the seed layer 440. In one 
or more embodiments, the remaining portion 440R of the 
seed layer 440 may overlie at least a portion of the bottom 
surface 430B. In one or more embodiments, the remaining 
portion 440R of the seed layer 440 may overlie substantially 
all (or all) of the bottom surface 430B. In one or more embodi 
ments, the remaining portion 440R may overlie at least the 
bottom surface 430B of the second barrier layer 430. In one or 
more embodiments, the remaining portion 440R may overlie 
the bottom surface 430B and at least a portion of the sidewall 
surfaces 430S of the second barrier layer 430. In one or more 
embodiments, the remaining portion 440R of the seed layer 
may overlie the bottom surface 430B and all (or substantially 
all) of the sidewall surfaces 430S of the second barrier layer 
430. 

[0038] In the embodiment shown in FIG. 7, the remaining 
portion 440R of the seed layer 440 may be at or ?ush with the 
top surface 430T of the second barrier layer 430. In some 
embodiments, it may be possible that the remaining portion 
440R of the seed layer 440 be below the top surface 430T. In 
one or more embodiments, the remaining portion 440R of the 
seed layer 440 may not go above the top surface 430T. In 
some embodiments, it may also be possible that a remaining 
portion 440R of the seed layer 440 overlie a small portion of 
the top surface 430T. 
[0039] With respect to opening 310, in one or more embodi 
ments, at least a part of the removed portion of the seed layer 
is removed from outside of the opening 310. Likewise, in one 
or more embodiments, at least a part of the remaining portion 
440R of seed layer 440 is within the opening 310. 
[0040] With respect to opening 310', in one or more 
embodiments, at least a part of the removed portion of the 
seed layer 440 is removed from outside of the opening 310'. 
Likewise, in one or more embodiments, at least a part of the 
remaining portion 440R of seed layer 440 is within the open 
ing 310. 
[0041] With respect to opening 310', it is seen that, in one or 
more embodiments, the seed layer 440 may be removed from 
surfaces outside the opening 310' andbe allowed to remain on 
surfaces inside the opening 310'. 
[0042] The removal (which may, for example, be a selective 
removal) of a portion of the seed layer 440 may be accom 
plished in many different ways. For example, a chemical 
mechanical polishing process may be used. In another 
embodiment, the removal may be accomplished using an 
etching process. The etching process may include a wet etch 
ing process and/ or a dry etching process. The etching process 
may include an etch-back process. To accomplish the etching 
process, it is possible that a sacri?cial resist or other sacri?cial 
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material may ?rst be applied to protect that portion of the seed 
layer 440 which is not to be removed (e.g. seed layer portion 
440R). In one or more embodiments, the removal of a portion 
of the seed layer 440 may include a mechanical process. In 
one or more embodiments, the removal may include a chemi 
cal process. In one or more embodiments, the removal may 
include a mechanical process and a chemical process. 

[0043] Referring to FIG. 7, the bottom surface 440B and 
sidewalls surface 4408 may de?ne an opening 310". 
[0044] Referring to FIG. 8, a ?ll layer 510 may be formed 
over the bottom surface 440B and sidewall surfaces 440S of 
the remaining portion 440R of seed layer 440. In one or more 
embodiments, the ?ll layer 510 may be formed by a deposi 
tion and/or growth process. In one or more embodiments, the 
?ll layer 510 may be formed by a deposition process. In one 
or more embodiments, the deposition process may be a selec 
tive deposition process. 
[0045] In one or more embodiments, it is possible that the 
?ll layer 510 may deposit on the remaining portion 440R of 
seed layer 440 but substantially none of the ?ll layer 510 may 
deposit on the second barrier layer 430. 
[0046] In one or more embodiments, the deposition process 
for forming the ?ll layer 510 may include a process selected 
from the group consisting of an electroplating process, an 
electroless plating process, and a chemical vapour deposition 
(CVD) process. 
[0047] In one or more embodiments, the deposition process 
for forming the ?ll layer 510 may be an electroplating pro 
cess. In one or more embodiments, the electroplating process 
may be a selective electroplating process. 
[0048] In one or more embodiments, the seed layer may 
serve a seed and/or nucleation and/or activation function. 

[0049] In one or more embodiments, the deposition process 
for forming the ?ll layer 510 may be an electroplating process 
(eg an electrodeposition process). In one or more embodi 
ments, the ?ll layer 510 may deposit (e.g. electroplate) only 
on the surfaces of the remaining portion 440R of the seed 
layer 440 and may not deposit (e.g. electroplate) on the sec 
ond barrier layer 430. In one or more embodiments, the sec 
ond barrier layer 430 may include one or more materials 
which discourage or prevent the deposition (e. g. electroplat 
ing) of the ?ll layer 510 onto the second barrier layer 430. 
[0050] In one or more embodiments, it is possible that the 
?ll layer 510 may nucleate and grow only on the surfaces of 
the remaining portion 440R of the seed layer 440 and may not 
nucleate and grow on the second barrier layer 430. 
[0051] From the perspective of opening 310, referring to 
FIG. 8, in some embodiments, the ?ll layer 510 may at least 
partially ?ll the opening 310. In one or more embodiments, 
the ?ll layer 510 may ?ll the opening 310. However, in some 
embodiments, the ?ll layer 510 need not ?ll the opening 310. 
From the perspective of opening 310", in some embodiments, 
the ?ll layer 510 may at least partially ?ll the opening 310". In 
one or more embodiments, the ?ll layer 510 may ?ll the 
opening 310". However, in some embodiments, the ?ll layer 
510 need not ?ll the opening 310". Hence, in some embodi 
ments, the ?ll layer 510 may be ?ush with or go above the top 
surface 430T of the second barrier layer 430. In some 
embodiments, the ?ll layer 510 may remain below the top 
surface 430T of the second barrier layer 430. 
[0052] Referring to FIG. 13A, in some embodiments, it is 
possible that the ?ll layer 510 only ?ll a portion of the opening 
310. Referring to FIG. 13B, it is also possible that a second 
electroplating process be performed to electroplate a second 
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?ll material 510' onto the ?ll material 510. From the perspec 
tive of opening 310", in some embodiments, it is possible that 
the ?ll layer 510 only ?ll a portion of the opening 310". 
Referring to FIG. 13B, it is also possible that a second elec 
troplating process be performed to electroplate a second ?ll 
material 510' onto the ?ll material 510. 

[0053] It is noted that the use of an intermediate conductive 
layer 420 may provide an advantage When an electroplating 
method is used to deposit the ?ll material 510. Referring 
again to FIG. 8, during an electroplating process used for the 
deposition of the ?ll material 510, a voltage may be applied to 
a peripheral portion of at least one of the layers of the layered 
stack 410, 420, 430 (eg to a peripheral portion aWay from the 
opening 310 or aWay from the surfaces of the remaining 
portion of the seed layer 440). The layered stack 410,420,430 
may provide a conductive pathWay for the electrical current 
for the electroplating process. The intermediate conductive 
layer 420 may be made to have a relatively high electrical 
conductivity so that voltage drop along the current path may 
be loWer in comparison to a structure incorporating only a 
single barrier layer Without an intermediate conductive layer 
420. For example, in some embodiments, the electrical con 
ductivity of the intermediate conductive layer may be greater 
than the electrical conductivity of either the ?rst or second 
barrier layers. Hence, the intermediate conductive layer 420 
may provide an additional conductive path for the plating 
current. It may thus be possible that high deposition rates With 
good thickness uniformity of the ?ll material be achieved. 
These high deposition rates Will be achieved especially Within 
the opening 310 on the exposed surface of seed layer 440R. 
On the remaining barrier layer 430T the deposition rate may 
be about Zero or at least very loW. 

[0054] Referring to FIG. 8, portions of the ?rst barrier layer 
410, intermediate conductive layer 420, second barrier layer 
430, the seed layer 440 and the ?ll layer 510 may then be 
removed from the structure shoWn in FIG. 8 to form the 
structure shoWn in FIG. 9. The removal process may include 
a chemical mechanical polishing process and/or an etching 
process. The etching process may include a dry etching pro 
cess and/or a Wet etching process. The ?rst barrier layer 410, 
intermediate conductive layer 420, second barrier layer 430, 
seed layer 440 and ?ll layer 510 may be made ?ush With the 
top surface 210T of the Workpiece 210. The structure shoWn 
in FIG. 9 shoWs a conductive feature 610 disposed in a Work 
piece 210. In one or more embodiments, the structure shoWn 
in FIG. 9 may be a semiconductor structure. 

[0055] The process for making the conductive feature 610 
may include a damascene process such as a single or dual 
damascene process. 

[0056] Referring to FIG. 9, in one or more embodiments, 
the Workpiece 210 may, for example, represent a substrate. A 
substrate may, for example, be a semiconductor substrate. In 
one or embodiments, the semiconductor substrate may, for 
example, be a bulk-semiconductor substrate such as a bulk 
silicon substrate. In one or more embodiments, the semicon 
ductor substrate may be an SOI substrate. As an example, an 
SOI substrate may include a bulk-semiconductor substrate, 
an insulation layer overlying the bulk-semiconductor sub 
strate, and a semiconductor layer overlying the insulation 
layer. 
[0057] The conductive feature 610 may represent a conduc 
tive via formed Within a substrate. A bottom etching or a 
backside grinding of the Workpiece 210 may be performed so 
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that a bottom surface of the conductive feature 610 is 
exposed. In this case the conductive feature 610 may repre 
sent a through-substrate via. 
[0058] In one or more embodiments, the Workpiece 210 
may, for example, comprise a dielectric layer or may com 
prise a dielectric layer on top of a semiconductor Wafer such 
as a bulk silicon Wafer (or SOI Wafer) or even comprise a 
dielectric layer on top of a chip (eg a semiconductor chip) 
Wherein the chip includes a multi-level interconnect architec 
ture. The conductive feature 610 may, for example, represent 
a metal line, a redistribution line or a pad structure. In another 
embodiment the conductive feature 610 may, for example, 
represent a conductive via (or conductive contact) formed in 
the dielectric layer. 
[0059] In one or more embodiments, the Workpiece 210 
may be a single homogeneous layer. HoWever, in one or more 
embodiments, the Workpiece 210 may comprise tWo or more 
layers of different materials. For example, referring to FIG. 
10, the Workpiece 210 may comprise a dielectric layer 222 
overlying a layer 224. In the embodiment shoWn in FIG. 10, 
the conductive feature 610 may be disposed through the 
dielectric layer 222 and be in direct contact With a top surface 
of layer 224. In one or more embodiments, the structure 
shoWn in FIG. 10 may be a semiconductor structure. 

[0060] Referring to FIG. 10, the layer 224 may represent a 
substrate. The conductive feature 610 may represent a con 
ductive via that electrically couples a conductive interconnect 
(formed, for example, in a metal-l metalliZation level above 
the conductive via 610) to a substrate 224. 
[0061] A metalliZation level may include one or more metal 
lines. A metal line may itself include a pad portion (such as a 
bond pad, contact pad and/or landing pad). A metalliZation 
level may include a plurality of metal lines. Each of the metal 
lines may be spacedly disposed from each other. In some 
embodiments, metal lines may be useful for routing electrical 
signals primarily in a horiZontal direction. A metalliZation 
level may, for example, be part of a semiconductor device, a 
semiconductor chip and/ or an integrated circuit. A metalliZa 
tion level may be, for example, metal-l, metal-2, metal-3 all 
the Way up to an including a ?nal metalliZation level. 

[0062] A conductive via may electrically couple a metalli 
Zation level to another metalliZation level. A conductive via 
may be electrically coupled a metalliZation level to a sub 
strate. A conductive via that electrically couples a metalliZa 
tion level to a substrate may also be referred to as a conductive 
contact. In some embodiments, a conductive via may be use 
ful for routing electrical signals primarily in a vertical direc 
tion. 
[0063] Referring to FIG. 11, it is seenthat the layer 224 may 
comprise a dielectric layer 232 overlying a layer 236. The 
layer 224 may further comprise a conductive layer 234 dis 
posed in the dielectric layer 232. In one or more embodi 
ments, the conductive layer 234 may represent a metal line 
belonging to a metalliZation level. 

[0064] Still referring to FIG. 11, if the metal line 234 
belongs to a metalliZation level beloW the ?nal metalliZation 
level, then the conductive feature 610 may represent a con 
ductive via Which electrically couples a ?rst metalliZation 
level to a second metalliZation level. If the metal line 234 
belongs to a ?nal metalliZation level, the conductive feature 
610 may represent a conductive pad or an underbump metal 
liZation disposed over a metal line of a ?nal metalliZation 
level. It is possible that the conductive feature 610 may itself 
represent a conductive (e.g. metallic) bump. 
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[0065] Referring to FIG. 12, it is seen that the layer 236 may 
represent a layer 242 overlying a substrate 244 (for example, 
a semiconductor substrate). The layer 242 may itself include 
one or more dielectric layers as Well as one or more metalli 

Zation levels. 
[0066] FIG. 14 shoWs another embodiment, Wherein an 
opening 312 is formed Within a Workpiece 210. The opening 
312 may be a dual-damascene opening. In some embodi 
ments, the opening 312 may be formed using tWo or more 
masking steps. The opening 312 may include a bottom sur 
face 312B and sideWall surfaces 312S. The opening 312 
includes a ?oor 312F. 

[0067] Referring to FIG. 14, it is seen that the opening 312 
includes an upper portion 322 and a loWer portion 324. The 
upper portion 322 may itself be a trench or a hole having 
sideWall surfaces 312S (312S1) andbottom surface 312F. The 
loWer portion 324 may be a trench or a hole having sideWall 
surfaces 312S (312S2) and bottom surface 312B. In one or 
more embodiments, the upper portion 322 may be useful for 
the formation of a metal line Which is part of a metalliZation 
level. In one or more embodiments, the loWer portion 324 
may be useful for the formation of a conductive via coupling 
a metalliZation level to another metalliZation level or for 
coupling a metalliZation level to a substrate. 

[0068] In one or more embodiments, the upper portion 322 
of opening 312 may have a Width of W1 While the loWer 
portion 324 of opening 312 may have a Width of W2. The 
Width W1 may be greater than the Width W2. The Width of the 
entire opening 312 may be W1. The minimum Width of the 
entire opening 312 may be W2. 
[0069] In one or more embodiments, the entire opening 312 
may have a Width of about 1 pm (micron) or greater. In one or 
more embodiments, the opening 312 may have a Width of 
about 1.5 pm (microns) or greater. In one or more embodi 
ments, the opening 312 may have a Width of about 2 pm 
(microns) or greater. 
[0070] In one or more embodiments, the entire opening 312 
may have a minimum Width of about 1 pm (micron) or greater. 
In one or more embodiments, the opening 312 may have a 
minimum Width of about 1.5 um (microns) or greater. In one 
or more embodiments, the opening 312 may have a minimum 
Width of about 2 um (microns) or greater. 
[0071] FIG. 15, shoWs a conductive feature 612 Which is 
also an embodiment of the invention. The conductive feature 
612 of FIG. 15 is formed in the opening 312. The conductive 
feature 612 shoWn in FIG. 15 includes an upper portion 622 
and a loWer portion 624. The upper portion 622 may be Wider 
than the loWer portion 624. 
[0072] The conductive feature 612 shoWn in FIG. 15 may 
be formedusing a process similar to that described above With 
respect to FIGS. 1 through 9. Hence, similar process steps 
may be folloWed except that the opening 310 shoWn in FIG. 1 
is replaced With the opening 312 shoWn in FIG. 14. The 
process for making the conductive feature 612 may include a 
damascene process such as a dual-damascene process. 

[0073] The opening 312 shoWn in FIG. 14 may be replaced 
still further With an opening having a triple-tiered opening 
(eg a tripled damascene) and this may be continued to any 
multi-tiered opening. 
[0074] The conductive feature 612 includes a ?rst barrier 
layer 410, an intermediate conductive layer 420, a second 
barrier layer 430, a seed layer 440 and a ?ll layer 510. 
[0075] Referring to FIG. 16, the Workpiece 210 includes a 
dielectric layer 222 disposed over a layer 224. In one or more 
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embodiments, the layer 224 may represent a substrate. In this 
case, the upper portion 622 may represent a metal line of a 
metalliZation level (such as metal-l) While the loWer portion 
624 may represent a conductive via (e.g. conductive contact) 
coupling the metal line 622 to the substrate 224. 
[0076] Referring to FIG. 17, the Workpiece 224 may com 
prise a dielectric layer 232 overlying a layer 236. A conduc 
tive layer 234 is disposed Within the dielectric layer 232. The 
conductive layer 234 may represent a metal line of a metal 
liZation layer. 
[0077] Referring to FIG. 18, it is seen that the layer 236 may 
represent a layer 242 overlying a substrate 244. As noted, the 
conductive layer 234 may represent a metal line of a metal 
liZation level. The layer 242 may include one or more dielec 
tric layers and may include one or more metalliZation levels. 
[0078] Still referring to FIG. 18, the conductive feature 612 
includes an upper portion 622 overlying a loWer portion 624. 
In one or more embodiments, the upper portion 622 may 
represent a metal line of a metalliZation level. In this case, the 
loWer portion 624 may represent a conductive via that elec 
trically couples the metal line 622 of a ?rst metalliZation level 
to the metal line 234 of a second metalliZation level. 
[0079] Still referring to FIG. 18, it is also possible that the 
conductive layer 234 represent a metal line of the ?nal met 
alliZation level. In this case, it is possible that the conductive 
feature 612 represents a conductive pad or an under-bump 
metalliZation disposed over the metal line 234. 
[0080] Still referring to FIG. 18, in one or more embodi 
ments, the conductive layer 234 may represent a metal line of 
the ?nal layer. The loWer portion 624 of the conductive fea 
ture 612 may represent a conductive via While the upper 
portion 622 of the conductive feature 612 may present a 
redistribution line of a redistribution layer. 
[0081] Various material layers, such as, the conductive 
layer 234, the ?rst barrier layer 410, the intermediate conduc 
tive layer 420, the second barrier layer 430, the seed layer 
440, the ?ll layer 510 as Well as the second ?ll layer 510' have 
been described above. As noted above, in one or more 
embodiments, the conductive layer 234 may represent a metal 
line. 
[0082] One or more of these material layers may be formed 
as conductive layers. Any of the conductive layers may be 
metallic layers. A conductive layer may include one or more 
conductive materials. A conductive material may be a metal 
lic material. A metallic material may include, for example, a 
metal, a metallic alloy and/or a metallic compound. 
[0083] In one or more embodiments, a metallic alloy may 
include tWo or more metallic elements. In one or more 

embodiments, a metallic alloy may include at least one metal 
lic element and at least one non-metal element. 

[0084] In one or more embodiments, the conductive mate 
rial may include one or more Periodic Table elements selected 
from the group consisting of Cu (copper), W (tungsten), Co 
(cobalt), Ru (ruthenium), Ni (nickel), Au (gold), Ag (silver), 
Al (aluminum), Ti (titanium), Ta (tantalum), Cr (chromium), 
Mo (molybdenum), Pd (palladium), Pb (lead), V (vanadium), 
Sn (tin), N (nitrogen), and P (phosphorous). Examples of 
conductive materials Which may be used include, but are not 
limited to, copper metal, copper alloy, copper compound, 
tungsten metal, tungsten alloy, tungsten compound, cobalt 
metal, cobalt alloy, cobalt compound, ruthenium metal, 
ruthenium alloy, ruthenium compound, nickel metal, nickel 
alloy, nickel compound, gold metal, gold alloy, gold com 
pound, silver metal, silver alloy, silver compound, aluminum 
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metal, aluminum alloy, aluminum compound, titanium metal, 
titanium alloy, titanium compound, tantalum metal, tantalum 
alloy, tantalum compound, chromium metal, chromium alloy, 
chromium compound, molybdenum metal, molybdenum 
alloy, molybdenum compound, palladium metal, palladium 
alloy, palladium compound, lead metal, lead alloy, lead com 
pound, vanadium metal, vanadium alloy, vanadium com 
pound, tin metal, tin alloy and tin compound. Further 
examples of conductive materials include RuiTa alloy, 
TiiW alloy, NiiV alloy and CriCu alloy. An additional 
example of a conductive material Would be solder (for 
example, an alloy including the chemical elements (Sn) tin 
and (Pb) lead or a lead free solder alloy including (Sn) tin, 
(Ag) silver and (Cu) copper). Additional examples ofconduc 
tive materials are NiMoP and CoWP. Additional examples of 
conductive materials include metal nitrides. Examples of 
metal nitrides include tantalum nitride, titanium nitride) and 
tungsten nitride. 

[0085] In one or more embodiments, any of the layers 
described herein (e. g., conductive layer 234, ?rst barrier layer 
410, intermediate conductive layer 420, second barrier layer 
430, seed layer 440, ?ll layer 510 and second ?ll layer 510') 
may comprise one or more the conductive materials described 
above. In some embodiments, certain conductive materials 
may be more useful for particular layers. 
[0086] The ?rst barrier layer 410 and/or the second barrier 
layer 430 may be conductive layers. The ?rst barrier layer 410 
and/or the second barrier layer 430 may be metallic layers. 
The ?rst barrier layer 410 and second barrier layer 430 may 
have barrier and/ or adhesion properties. The ?rst barrier layer 
410 and/or second barrier layer 430 may include one or more 
conductive materials. The ?rst barrier layer 410 and/or sec 
ond barrier layer 430 may include one or more metallic mate 
rials. Examples of metallic materials include metals, metallic 
alloys and metallic compounds. Examples of metallic com 
pounds include tantalum compounds, titanium compounds 
and tungsten compounds. Additional examples of ?rst barrier 
layer materials and/or second barrier layer materials include 
tantalum metal, tantalum alloy, tantalum nitride (for example, 
TaN), titanium metal, titanium alloy, titanium nitride, tita 
nium tungsten, tungsten metal, tungsten alloy, tungsten 
nitride, ruthenium metal, ruthenium alloy, and RuiTa. Other 
examples, of barrier layer materials include chromium metal, 
Cr4Cu, and NiV. Combinations of materials may also be 
used. The ?rst barrier layer 410 and/or the second barrier 
layer 430 may include a stack of tWo or more layers of 
different materials such as a tantalum metal/TaN stack, a 
titanium metal/TiN stack or a tungsten metal/WN stack. The 
?rst and second barrier layers may include the same materials 
or they may include different materials. The second barrier 
layer (and possibly also the ?rst barrier layer) may include at 
least one material Which inhibits or prevents the deposition 
(e.g. electroplating) of the ?ll layer on the second barrier 
layer. Examples include tantalum metal and tantalum nitride 
(for example, TaN). 
[0087] The ?rst barrier layer 410 and/or the second barrier 
layer 430 may include the chemical element Ta (tantalum). 
The ?rst barrier layer and/or the second barrier layer may 
include a Ta-containing material. A Ta-containing material 
may be any material that includes the chemical element Ta 
(e.g. any material that includes Ta atoms in any state). This 
may be, for example, a tantalum metal, a tantalum alloy 
and/ or a tantalum compound. 
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[0088] The ?rst barrier layer and/ or the second barrier layer 
may include alpha-tantalum and/or beta-tantalum. The alpha 
tantalum may have a body centered cubic lattice structure. In 
some embodiments, the alpha-tantalum may exist as a sub 
stantially pure alpha-tantalum. A substantially pure alpha 
tantalum may include impurities (e.g. trace impurities). In 
some embodiments, the alpha-tantalum may be a doped 
alpha-tantalum that may be intentionally doped With impuri 
ties (eg more than trace impurities). The dopant may, for 
example, be nitrogen. Examples of dopants include nitrogen, 
carbon and silicon. 

[0089] In one or more embodiments, the seed layer 440 
and/or the intermediate conductive layer 420 and/or the ?ll 
layer 510 and/or the second ?ll layer 510' may be conductive 
layers. In one or more embodiments, the seed layer 440 and/ or 
the intermediate conductive layer 420 and/or the ?ll layer 510 
and/or the second ?ll layer 510' may be metallic layers. The 
seed layer 440 and/or the intermediate conductive layer 420 
and/or the ?ll layer 510 and/ or the second ?ll layer 510' may 
comprise one or more conductive materials (such as, for 
example, one or more metallic materials). In one or more 
embodiments, the seed layer 440 and/ or intermediate conduc 
tive layer 420 and/ or ?ll layer 510 and/ or the second ?ll layer 
510' may include one or more Periodic Table chemical ele 
ments selected from the group consisting of Cu (copper), W 
(tungsten), Co (cobalt), Ru (ruthenium), Ni (nickel), Au 
(gold), Ag (silver), Al (aluminum), Ti (titanium), Ta (tanta 
lum), Cr (chromium), Mo (molybdenum), Pd (palladium), Pb 
(lead), V (vanadium), Sn (tin), N (nitrogen), and P (pho spho 
rous). The elements may exist, for example, as metals and/ 
metallic alloys and/or compounds (eg metallic compounds). 
The seed layer 440 and/or the intermediate conductive layer 
420 and/or the ?ll layer 510 and/or the second ?ll layer 510' 
may include one or more conductive materials. Examples of 
conductive materials Which may be used include, but are not 
limited to, copper metal, copper alloy, tungsten metal, tung 
sten alloy, cobalt metal, cobalt alloy, ruthenium metal, ruthe 
nium alloy, nickel metal, nickel alloy, gold metal, gold alloy, 
silver metal, silver alloy, aluminum metal, aluminum alloy, 
titanium metal, titanium alloy, tantalum metal, tantalum 
alloy, chromium metal, chromium alloy, palladium metal, 
palladium alloy, molybdenum metal, molybdenum alloy, lead 
metal, lead alloy, vanadium metal, vanadium alloy, tin metal, 
and tin alloy. 
[0090] In one or more embodiments, a copper alloy may 
include a doped copper. 

[0091] Further examples of conductive materials include 
RuiTa alloy, TiiW alloy, NiiV alloy, CriCu alloy, and 
solder (for example, an alloy including (Sn) tin and (Pb) lead 
or lead free solder alloy Which may include (Sn) tin, (Ag) 
silver and (Cu) copper). Additional examples of a conductive 
material that may be used is NiMoP or CoWP. In addition to 
the materials described, the ?ll layer 510 and the second ?ll 
layer 510' may include any electroplatable material. 
[0092] In one or more embodiments, the seed layer 440 
and/or the intermediate conductive layer 420 and/or the ?ll 
layer 510 and/ or the second ?ll layer 510' may include mix 
tures or combinations of different materials. In one or more 

embodiments, one or more of these layers may be formed as 
a stack of tWo or more sub-layers. For example, referring to 
FIGS. 13A,B, depending upon the application, the ?ll layer 
510 and second ?ll layer 510' may be a nickel metal/gold 
metal stack, a nickel metal/ silver metal, nickel metal/palla 








