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(57) ABSTRACT 

A multilevel Semiconductor integrated circuit (IC) structure 
including a first interconnect level including a layer of 
dielectric material over a Semiconductor Substrate, the layer 
of dielectric material comprising a dense material for pas 
Sivating Semiconductor devices and local interconnects 
underneath; multiple interconnect layers of dielectric mate 
rial formed above the layer of dense dielectric material, each 
layer of dielectric material including at least a layer of low-k 
dielectric material; and, a set of Stacked via-Studs in the 
low-k dielectric material layers, each of Said Set of Stacked 
Via Studs interconnecting one or more patterned conductive 
Structures, a conductive Structure including a cantilever 
formed in the low-k dielectric material. The dielectric layer 
of each of the multiple interconnection levels includes a Soft 
low-k dielectric material, wherein the cantilever and Set of 
Stacked via-Studs are integrated within the Soft low-k dielec 
tric material to increase resistance to thermal fatigue crack 
formation. In one embodiment, each of the Set of Stacked 
Via-Studs in the low-k dielectric material layerS is provided 
with a cantilever, Such that the cantilevers are interwoven by 
connecting a cantilever on one level to a bulk portion of the 
conductor line on adjacent levels of interconnection, thereby 
increasing flexibility of Stacked via-Studs between intercon 
nection levels. 
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FIG. 1B 

(PRIOR ART) 
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FIG. 4 
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STACKED WIA-STUD WITH IMPROVED 
RELIABILITY IN COPPER METALLURGY 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates generally to a new 
Semiconductor proceSS and integrated circuit Structure, and 
more particularly, to a new proceSS and Structure which 
provides Stacked via-Studs, in multilevel interconnection 
wiring of Semiconductor devices with high conductivity 
copper metallurgy and low-k dielectric, with improved 
mechanical Stability under large thermal excursions. 
0003 2. Description of the Prior Art 
0004. In order to meet the ever increasing demand for 
increased device density and performance, a Semiconductor 
technology consisting of a low-k dielectric material and an 
interconnection wiring of copper metallurgy, defined by a 
dual damascene method, is the present day choice. Because, 
dry air has the theoretically lowest dielectric constant of one 
(1), most low-k materials Such as aerogels, hydrogen Sils 
esquioxane (HSQ), fluorinated organic polymers (e.g., 
SiLK, a trade mark of Dow chemical Co., Midland, Mich.), 
among others, have high porosity and, thereby, a negligibly 
Small mechanical Strength. A Schematic croSS-Section of the 
present day high performance interconnection Structure is 
shown in FIG. 1(a). Such schemes generally have semicon 
ductor devices (not shown) formed in silicon substrate 10 
and locally interconnected by tungsten or polysilicon inter 
connection 101 which is imbedded in a passivation layer 103 
of boro-phosphosilicate glass (BPSG) deposited just above 
the Silicon Substrate 10 to prevent any ionic migration into 
the device junctions. The high performance interconnection 
is formed with wirings of high conductivity metallurgies 
131, 231, 331 on different levels, insulated from each other 
with layer 112, 212, 312 of low-k dielectric and intercon 
nected at desired points by metal filled via-studs 132,232, 
332. In order to prevent, or to reduce, the corrosive impurity 
ingression into interconnection wiring Structure, as well as 
to impart mechanical Stability, at least one layer of the top 
most layer of interconnection wiring 431 and via stud 432 is 
imbedded in one or more layers 412 of previous standard 
insulatorS Such as Silicon oxide, e.g., deposited by the 
plasma enhanced chemical vapor deposition (PECVD) using 
silane (SiH) or tetraethylorthosilicate (TEOS) precursors. 
Accordingly, the present day high performance interconnec 
tion is comprised of one or more layers of high conductivity 
copper interconnections, imbedded in the low-k dielectric 
SiLK, and bounded on top and bottom by much denser 
layers of PECVD oxide and BPSG, respectively. 
0005. A reliability evaluation of such integrated circuit 
structures shown in FIG. 1(a) revealed excessive and pre 
mature failures due to circuit opens caused by development 
of cracks in the wiring upon thermal cycling. FIG. 1(a) 
shows a typical crack formed in the Stacked via-Stud, in this 
example, at the interface of Via-Stud 332 and interconnection 
wiring 331, after 1000 thermal cycles between -65 C. and 
150° C. Unlike the well known circuit open problem caused 
by electromigration, these cracks are not current flow depen 
dent and may occur at any location beyond the interface of 
via-stud 332 and interconnection wiring 331. These cracks 
are generated upon thermal cycling alone; further, the pro 
pensity of crack generation is much greater in Stacked 
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via-studs, as shown in FIG. 1(a). Stacked via-studs are 
essential in high circuit density interconnections to feed 
power directly from the bus lines on the upper most wiring 
level to the local interconnects of Semiconductor devices on 
lower most wiring level. In an interconnection terminology, 
the Stacked via-Studs are comprised of alternatively Stacked 
metal filled via studs 132, 232, and 332 and interconnect 
metal lines 131, 231, and 331. For the purposes of making 
Stacked via-Studs, the cross-sectional area of interconnection 
line segments 131, 231, 331 are made the same as the cross 
Sectional areas of corresponding via-Studs 132,232, 332. 
One, or a set of redundant, Stacked via-Studs provide a direct 
connection from the top most level to the lower most level 
of interconnection. The greater the ratio of Stacked via-Stud 
height (H) to diameter of the via-studs (D), the greater is the 
propensity for crack formation. The continuing trend of 
dimensional Shrinkage (Smaller D) and increased wiring 
levels (larger H) in multilevel interconnections lead to much 
higher H to D ratios, thereby making the Stacked via-Studs 
of present and future interconnection wiring Schemes 
increasingly more prone to cracks. It should be emphasized 
that propensity of crack formation is much leSS in an 
interconnection Scheme where the porous dielectric material 
(e.g., SiLK) is replaced by the previous Standard dense 
dielectric material (e.g., PECVD oxide). The crack propen 
sity also increases with the range of temperature cycles and 
the number of cycles, showing that cracks are generated by 
metal fatigue, a phenomenon not seen before in integrated 
circuit wiring. During thermal cycling of the Substrate, the 
Stacked via-Stud undergoes compressive/tensile Stresses 
generated, respectively, by thermal expansion/contraction of 
the Stacked via-Stud due to mismatch in coefficients of 
thermal expansion between the metal and the Surrounding 
dielectric. Because the Stacked via-Stud is mechanically 
pinned by the relatively much denser, and Stiffer, layer of 
PECVD oxide at the top, and by the silicon Substrate at the 
bottom, the difference in thermal expansion/contraction 
between the metal and the Surrounding dielectric causes the 
stresses in the stacked via-Stud. It should be noted that the 
thermal coefficient of expansion mismatch between copper 
and SiLK is Several times higher than that between copper 
and PECVD oxide, thereby making the stacked via-stud of 
copper and low-k dielectric, e.g., SiLK, interconnection 
wiring Scheme much more prone to crack formation than in 
Stacked via-Studs of present day multilevel interconnections 
comprised of a dense dielectric, e.g., PECVD oxide, at all 
levels of the interconnection. The crack formation in copper 
SiLK interconnection wiring Scheme is further aggravated 
due to nearly absent compressive Stresses in SiLK dielectric 
material. Fatigue crack initiation is a Surface phenomenon; 
it is well known that a Surface coating improves the fatigue 
life. Dense oxide films, in deposited thin film form, have 
high intrinsic compressive StreSS, thereby exerting a lateral 
compressive force on via-Studs. These compressive forces 
on the Via-Stud Surface help delaying, or preventing, the 
thermal fatigue failure in present day wiring Schemes with a 
dense dielectric, e.g., PECVD oxide, material. The negligi 
bly Small compressive StreSS in low-k materials, along with 
the large thermal expansion mismatch between copper and 
low-k dielectric, e.g., SiLK, are root causes for the observed 
fatigue failure. 

0006. One of the major applications of stacked via-Studs 
is to directly transfer large amount of current from power 
buses on the top most level of interconnection wiring to 



US 2006/0014376 A1 

power buses on lower levels. Invariably, a Scheme of redun 
dant Stacked via-Studs is used to carry a large amount of 
current. FIG. 1(b) shows a perspective view of a set of four 
redundant Stacked via-Studs in present day technology, 
formed between fat metal lines of power buses on different 
layers of interconnection wiring. In Such cases, the propen 
sity of fatigue crack formation is greatly increased in mul 
tilevel interconnection Schemes with low-k dielectric, e.g. 
SiLK, due to additional compressive stresses arising from 
the rigidity of fat metal lines acting on the Stacked via-Stud 
column. 

0007 Accordingly, methods must be sought to mechani 
cally strengthen the tall, thin Stacked via-Stud Structures 
imbedded in a Soft low-k dielectric material. 

0008 U.S. Pat. No. 6,143,396 to Saran, the disclosure of 
which is incorporated by reference herein, provides an 
architecture of reinforced wire bond pads to prevent crack 
ing of pads during mechanical loading, Such as electrical 
testing, wire bonding or Solder ball joining. A multiple of 
metal Studs underneath bond pads are provided to make the 
bond pads more mechanically stable. 
0009 U.S. Pat. No. 6,232,662 B1 to Saran, the disclosure 
of which is incorporated by reference herein, enhances the 
architecture in his earlier patent by interconnecting the 
reinforcing metal Studs and adding a layer of metal wiring, 
Such that the reinforcing metal Studs form a part of an active 
interconnection pattern and, thereby, the real estate under 
neath the bond pads is conserved. All of Saran's Schemes 
involve short length metal studs bounded on top and bottom 
by a dense dielectric material; Such Schemes are not ben 
eficial when the Studs are long, for example, in the case of 
Stacked via-Studs as discussed above. 

0.010 Bearing in mind the problems and deficiencies of 
the prior art, it would be beneficial to provide a Semicon 
ductor device having copper interconnections and low 
Strength low-k dielectric with a Stacked via-Stud which is 
resistant to cracking upon large thermal excursions. 

SUMMARY OF THE INVENTION 

0011. It is therefore an object of the present invention to 
provide a Semiconductor device having copper interconnec 
tions and low Strength low-k dielectric with a Stacked 
Via-Stud which is resistant to cracking upon large thermal 
excursions. 

0012. It is a further object of the present invention to 
provide a Semiconductor device having copper interconnec 
tions and low Strength low-k dielectric with a Stacked 
Via-Stud that is mechanically flexible at top end of the Stack. 
0013. It is another object of the present invention to 
provide a Semiconductor device having copper interconnec 
tions and low Strength low-k dielectric with a Stacked 
via-stud that is mechanically flexible. 
0.014. It is yet another object of the present invention to 
provide a Semiconductor device having copper interconnec 
tions and low Strength low-k dielectric with a Stacked 
Via-Stud that includes at least one cantilever Structure, inte 
grated with the Stacked via-Stud, to allow the mechanical 
flexibility. 

0.015. It is still another object of the present invention to 
provide a Semiconductor device having copper interconnec 
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tions and low Strength low-k dielectric with a Stacked 
Via-Stud that provides at least one Stacked via-Stud with 
more than one integrated cantilever Structure, where each of 
the provided cantilevers is formed on a different level of the 
interconnection wiring Scheme. 
0016. It is a further object of the present invention to 
provide a Semiconductor device having copper interconnec 
tions and low Strength low-k dielectric with a Stacked 
Via-Stud that includes a set of redundant Stacked via-Studs 
where each Stack is provided with at least one integrated 
cantilever Structure, and interwoven to conserve wiring real 
eState. 

0017 Thus, according to a first aspect of the present 
invention, there is provided, a multilevel Semiconductor 
integrated circuit (IC) structure and process method for 
forming. The Structure comprises: 

0018 a semiconductor substrate layer having formed 
therein a metal feature, 

0019 a first interconnect layer including low-k dielec 
tric material formed over the Substrate; 

0020 a first via stud in the first interconnect dielectric 
layer connecting the metal feature formed in the Semi 
conductor Substrate to a first metal interconnection line 
Segment formed in the first dielectric layer; 

0021 a second interconnect layer including low-k 
dielectric material formed over the first interconnect 
dielectric layer; 

0022 a second via stud in the second interconnect 
dielectric layer aligned with and connecting the first 
metal interconnection line Segment with a Second metal 
interconnection line Segment formed in the Second 
dielectric layer, the Second metal interconnection line 
Segment of rectangular shape and at a Selected location 
Such that one end of the Second metal line Segment is 
above the first metal line Segment of the same length 
and the width; 

0023 a third interconnect layer including low-k dielec 
tric material formed over the Second interconnect 
dielectric layer; and, 

0024 a third via stud in the third interconnect dielec 
tric layer connecting the Second metal interconnection 
line Segment of rectangular shape at an opposite end 
thereof with a third metal interconnection line Segment 
formed in the third dielectric layer, 

0025 the first, second and third integrated via-studs 
and the Second metal line Segment forming a Stacked 
via-Stud arrangement with the Second metal line Seg 
ment comprising a cantilever Structure. 

0026 Preferably, a dielectric material of each the first, 
Second and third interconnection dielectric layers includes a 
Soft low-k dielectric material, the cantilever being integrated 
within the Soft low-k dielectric material at a level to increase 
resistance to thermal fatigue crack formation. 
0027 According to a second aspect of the present inven 
tion, there is provided a multilevel Semiconductor integrated 
circuit (IC) structure and process method for forming. The 
Structure comprises: 
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0028 a first interconnect level including a layer of 
dielectric material over a Semiconductor Substrate, the 
layer of dielectric material comprising a dense material 
for passivating Semiconductor devices and local inter 
connects underneath; 

0029 multiple interconnect layers of dielectric mate 
rial formed above the layer of dense dielectric material, 
each layer of dielectric material including at least a 
layer of low-k dielectric material; and, 

0030 a set of stacked via-Studs in the low-k dielectric 
material layers, each of the Set of Stacked via Studs 
interconnecting one or more patterned conductive 
Structures, a conductive Structure comprising a canti 
lever formed in the low-k dielectric material. 

0.031 Preferably, the cantilever comprises a high conduc 
tivity metal and is disposed between two Stacks of Via-Studs 
from the Set of Stacked via-Studs. 

0032. According to a third aspect of the present inven 
tion, there is provided a redundant System for interconnect 
ing conductive layers of a multiple layer Semiconductor 
integrated circuit (IC), the redundant System comprising: 

0033 a plurality of interlaced metal via-Studs for inter 
connecting a first conductive Structure at a lower level 
interconnect Structure lying over a Substrate to a Second 
conductive Structure formed in an upper interconnect 
level, each the conductive Structures lying in a layer of 
dielectric material; 

0034 a third conductive structure in an interconnect 
level between the lower and upper interconnect levels, 
the interconnect level including a low-k dielectric 
material, at least one of the metal via-Studs connecting 
the first conductive structure to the third conductor 
Structure at a bulkhead region end of the third conduc 
tive Structure; 

0035 a gap being formed in the third conductive 
Structure to result in one or more cantilever Structures 
in the third conductive Structure, and, 

0036 one of the metal via-studs connecting a free end 
of the cantilever Structure a distance from the other at 
least one metal via-Stud to a bulkhead region formed in 
the Second conductive structure at the upper level. 

0037. In this third embodiment, the third conductive 
Structure lies in a perpendicular fashion with respect to the 
upper and lower conductive Structures to facilitate redundant 
paths connecting the first and Second conductive layerS via 
the third conductive layer. Furthermore, the Second conduc 
tive layer includes a further cantilever Structure, the canti 
lever Structures of the Second and third conductive Structures 
being interwoven by connecting a cantilever on one con 
ductive Structure at a level of interconnection to a bulk 
portion of a conductive Structure on an adjacent level of 
interconnection, thereby increasing flexibility of Stacked 
Via-Studs between interconnection levels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038. The features of the invention believed to be novel 
and the elements characteristic of the invention are Set forth 
with particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to Scale. The 
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invention itself, however, both as to organization and 
method of operation, may best be understood by reference to 
the detailed description which follows taken in conjunction 
with the accompanying drawings in which: 

0039 FIG. 1(a) is a cross-sectional side view of a prior 
art Semiconductor device showing a fatigue crack, formed 
upon thermal cycling, in a Stacked via-Stud of copper 
metallurgy in SiLK low-k material. 
0040 FIG. 1(b) is a perspective view of a set of four 
redundant Stacked via-Studs in present day art. 
0041 FIGS. 2 through 5 are sequential partial cross 
Sectional Side views of a Semiconductor Substrate illustrating 
one embodiment of the present invention where one canti 
lever is provided. 
0042 FIG. 6 is a schematic cross-section through a 
Stacked via-Stud, of present invention, containing a cantile 
Ver. 

0043 FIG. 7 is a schematic cross-section through a 
Stacked via-Stud containing two cantileverS. 
0044 FIG. 8 is a planar top view of a portion of first level 
of high conductivity metal interconnection in low-k dielec 
tric, SiLK. 

004.5 FIG. 9 is a top planar view of a portion of second 
level of high conductivity metal interconnection atop the 
same portion as in FIG. 8. 
0046 FIG. 10 is a cross-sectional view of a set of stacked 
via-studs at section A-A of drawings in FIGS. 8 and 9. 
0047 FIG. 11 is a cross-sectional view of a set of stacked 
via-studs at section B-B' of drawings in FIGS. 8 and 9. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0048. The present invention is generally related to meth 
ods for forming metal filled via-Studs and conductor lines on 
a Substrate where the Via-Studs and conductor lines are 
formed using a dual damascene method, and preferably 
copper metallurgy and low-k dielectric material. The present 
invention has particular relevance to Stacked via-Stud 
Schemes which particularly use low Strength low-k dielectric 
materials and incorporate a cantilever Structure within the 
Stacked via-Stud which may serve as an effective thermal 
fatigue crack Stop. 
0049 Particularly referring to FIG. 2, there is shown a 
semiconductor Substrate 10 above which a sequence of 
dielectric layers 111, 112, 113 is deposited, Subsequently 
patterned and metallized to form a first level of intercon 
nection. It should be understood that a plurality of Semicon 
ductor devices may be formed in the Substrate and, although 
not shown, are provided with a local interconnect line 101, 
typically tungsten with underlayers of titanium and titanium 
nitride (not shown). The Semiconductor devices and the 
local interconnects are provided with a passivation layer 
103, typically deposited boro-phosphosilicate (BPSG) glass 
or like dense doped Silicate glass. 
0050. The dielectric layers 111, 112, 113 comprise a 
bottom dielectric layer 111 of approximate thickness 20 to 
50 nm, which may be PECVD deposited silicon nitride 
(SiN.) or the like, a thicker low-k dielectric layer 112, and 
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a top dielectric layer 113 of a hard mask layer of approxi 
mate thickness 20 to 90 nm, e.g., BLOk(R) or BLOkCR and 
silicon nitride, to act as a moisture barrier. BLOk(R) (trade 
mark of Applied Materials Inc.) is a PECVD deposited 
silicon carbide film. Layer 112 is a low-k dielectric material 
which may be deposited by any of number of well known 
techniques such as sputtering, spin-on, or PECVD. Prefer 
ably, the low-k dielectric layer 112 is spun-on SiLK. 
0051 Referring to FIG. 3, a via-stud pattern is defined 
atop layer 113 followed by sequential etching of hard mask 
layer 113 and partially etching low-k dielectric 112 with 
Suitable conventional etchants. The pattern for the high 
conductivity metal interconnection lines is next defined 
followed by further etching of hard mask 113, the remainder 
of low-k dielectric 112, and bottom dielectric 111 to form 
trenches 121 (for interconnection lines) and holes 122 (for 
via-studs) to expose metal line 101. For the purposes of 
forming a Stacked via-Stud, the croSS-Sectional area of metal 
line 121 is made approximately same as the croSS Sectional 
area of via-Stud 122. 

0.052 Referring to FIG. 4, a sequence of metal liner 
layers 130 is next deposited to line the etched trench and 
via-stud hole 121, 122. The metal liner layers 130 comprise 
refractory materials tantalum, tantalum nitride, chromium/ 
chromium oxide, titanium, titanium nitride, tungsten, tung 
Sten Silicide, or the like, and a Seed layer of copper deposited 
using any of the known deposition methods, Such as, for 
example, CVD, hollow cathode magnetron Sputtering, 
deposit-etch (dep.-etch) process, or any combination of 
these or, other Similar methods. The liner deposition proceSS 
is preferably a hollow cathode magnetron Sputtering com 
bined with dep.-etch process. This is followed by deposition 
of high conductivity metal Such as copper for via-Studs 132 
and interconnection lines 131 using electroplating methods. 
For certain applications it may be advantageous to follow 
the copper deposition by deposition of a refractory metal 
(not shown), particularly using a CVD process, to act as a 
polish Stop and to prevent copper corrosion. Any exceSS 
metal materials are next removed in a singular Step or in a 
Sequence of Steps, Such as, by chem.-mechanical polishing 
(CMP) to leave the integrated via-studs 132 and the inter 
connection lines 131, imbedded in, and Substantially planar 
with, the surrounding low-k dielectric 112 and BLOkCR) 
layer. 113, as shown in FIG. 4. The foregoing steps are 
initial proceSS Steps of the method conventionally known in 
the art as a dual damascene method. 

0.053 Next, a second level of combined via-stud and 
interconnection line Segment are formed at the point in the 
process. Referring to FIG. 5, there is first formed the 
Sequential deposition of dielectric layerS 212 and 213, the 
dielectric layer 212 comprising a low-k dielectric material 
and a dielectric layer 213 of a denser dielectric material 
formed above layer 212. It should be understood that the 
material of the low-k dielectric layer 212 in the second level 
may be the same low-k dielectric material or different than 
the low-k dielectric material in the first layer. Then, there is 
formed the Second level of interconnection comprised of 
Via-Stud 232 and interconnection line Segment 231, where 
the line Segment 231 is designed to be a rectangle in shape 
Such that, the width of the rectangle is approximately the 
Same as the diameter D of the corresponding via Stud 232, 
and the length L of the rectangle is at least three times the 
width. Preferably, the length of the rectangle line Segment 
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'L' is four to eight times its width. Thus, the via-Stud 232 is 
Situated at one end of the rectangular line Segment 231. It 
should be noted that according to conventions known in the 
art, the line Segment 231 would have been of Same croSS 
Sectional area as that of the corresponding via-Stud 232. 
0054) Referring to FIG. 6, dielectric layers 311, 312 and 
313 are next sequentially deposited to form the last level of 
interconnection. The layer 311 is PECVD silicon nitride of 
thickness ranging from 20 to 50 nm; layer 312 is a dielectric 
material of porous texture, like SiLK or fluorosilicate glass 
(FSG), of thickness ranging from 50 nm to 500 nm, and 
layer 313 is a dense dielectric, such as PECVD silicon oxide 
or polyimide, of thickness ranging from 50 nm to 500 nm 
which forms the final passivation layer. It should be noted 
that the purpose of adding a layer 312 of porous material, 
like SiLK, is to provide cushioning to the Stacked via-Stud 
231-232-131-132. The last interconnection level, comprised 
of via-stud 332 and interconnection line segment 331, is next 
formed, as above, by the dual damascene method. The 
via-stud 332 is designed to align with the other end of the 
rectangle line Segment 231. The last interconnection level, 
comprised of via-stud 332 and interconnection line 331 is 
imbedded in, and Substantially planar with, the dense dielec 
tric layer 313. 
0055. It should be noted that the stacked via-stud 132 
131-232-231-332-331 now has an integrated cantilever 231 
and a layer of soft material 312 above and below the end of 
the Stacked via-Stud as noted above. The integrated cantile 
ver 231, having a soft material above and below it, is able 
to move up or down with least resistance; effectively reduc 
ing any Strain induced in the Stacked via-Stud and preventing 
thermal fatigue cracking of the Stacked via-Stud. 
0056 FIG. 7 illustrates another embodiment of the 
present invention. As shown in FIG. 7, there is depicted a 
Schematic cross-section through Stacked via-Studs and inter 
connection wiring layers, where the interconnection wiring 
is comprised of at least three levels in soft dielectric SiLK. 
Here, cantilevers 231 and 331 are provided to a stacked 
Via-Stud, where each of the cantileverS is formed on a 
different level of the wiring scheme. Such increased robust 
neSS becomes of increasing importance as the Stud diameter 
decreases below 0.1 micron. Thus, as shown in FIG. 7, 
implementing the processes described herein, dielectric lay 
ers 411, 412 and passivation layer 413 are sequentially 
formed on top of the interconnect layer comprising cantile 
ver 331. Using the processes as described herein, via-Stud 
432 is formed through a damascene method through dielec 
tric layer 412 to connect with the cantilever 331 on a side of 
the cantilever opposite the location of the underlying Via 
stud 332 connection. Finally, a top level interconnect 431 is 
formed in layer 413. 
0057. In yet another embodiment of the present inven 
tion, an array of four redundant Stacked via-Studs is provided 
with cantilevers to increase the flexibility between fat bus 
lines on adjacent wiring levels. The progreSS of making the 
interwoven Stacked via-Stud of the present invention is 
sequentially shown in FIGS. 8 to 11. 
0.058 FIG. 8 particularly illustrates a planar top view of 
a portion of first level of high conductivity interconnection. 
The first level of interconnection, imbedded in low-k dielec 
tric 112, is comprised of metal lines 131 and via-studs 132x 
(where, X is 1, 2, 3 or 4, representing four redundant 
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via-studs according to this embodiment). The bus line 131 is 
designed to provide two cantilevers, 1311 and 1312. Thus, a 
portion of bus lines on each level of interconnection has two 
cantilever structures, 1311 and 1312, and bulkheads (the 
remaining width of the bus line 131) 1310. It should be noted 
that different numerals, 1310, 1311 and 1312, are used 
merely to indicate various associated Sections formed in the 
bus line 131. It should also be noted that different via-stud 
numerals, 1321, 1322, 1323 and 1324, indicate four particu 
lar via-Studs, of Via-Stud family 132x, which make contact to 
local interconnections 101 on lower level of wiring (not 
shown). 
0059 FIG. 9 illustrates a planar view of a portion of the 
next level of wiring, where the bus lines 231 run in a 
direction perpendicular to the direction of bus lines 131 of 
the previous level. Two cantilevers, 2311 and 2312, are 
provided in the bus line 231. The four redundant via-Studs, 
2321, 2322, 2323 and 2324, formed with this level of 
interconnection, are Selectively situated Such that two of the 
via-Studs, 2321 and 2322, connect the bulkhead 2310 to the 
free end of cantilevers 1312 and 1311, respectively, of the 
previous level (FIG. 8). The other two studs 2323 and 2324 
connect the end of cantilevers 2312 and 2311, respectively, 
to bulk head 1310 of the bus line 131 of previous level. This 
is more clearly illustrated in FIG. 10 which depicts a 
croSS-Sectional view of a set of Stacked via-Studs at Section 
A-A of drawings in FIGS. 8 and 9 and, in FIG. 11 which 
is a cross-sectional view of a Set of Stacked via-Studs at 
section B-B' of drawings in FIGS. 8 and 9. 
0060. The foregoing steps form cantilevers in wide metal 
lines, and respectively connect the formed cantilevers and 
bulkheads in one level of bus line to bulk heads and 
cantilevers formed in the bus line of the adjacent levels of 
interconnection. 

0061 The foregoing steps can be repeated to form the 
redundant Stacked via Studs of the invention with increased 
flexibility and, thereby, improved fatigue life. 
0.062. It should be apparent to those skilled in the art that 
given the teachings above, other embodiments of designs to 
reduce the Strain in a Stacked via-Stud, imbedded in a Soft 
media and capped at top and at bottom by relatively denser 
media; or other modifications of this invention, Such as, for 
example, the cross-sectional area of the Via-Stud could be 
enlarged; a set of neighboring dummy Studs may be pro 
Vided; or, a Stronger liner for high conductivity metals may 
be provided without departing from the spirit of the inven 
tion. Accordingly, Such modifications are considered within 
the Scope of the invention as limited Solely by the appended 
claims. 

1-8. (canceled) 
9. A method of forming a multilayer semiconductor 

integrated circuit structure comprising the Steps of: 

a) forming a first layer of dielectric material over a 
Semiconductor Substrate, the layer of dielectric material 
comprising a dense material for passivating Semicon 
ductor devices and local interconnects underneath; 

b) forming multiple interconnect layers of dielectric mate 
rial formed above the layer of dense dielectric material, 
each layer of dielectric material including at least a 
layer of low-k dielectric material; and, 
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c) forming a set of Stacked via-Studs in the low-k dielec 
tric material layers, each of Said Set of Stacked via Studs 
interconnecting one or more patterned conductive 
Structures, a conductive Structure comprising a canti 
lever formed in said low-k dielectric material. 

10. The method as claimed in claim 9, wherein a dielectric 
layer of each Said multiple interconnect layers includes a 
Soft low-k dielectric material, Said cantilever being inte 
grated within Said Soft low-k dielectric material at a level to 
increase resistance to thermal fatigue crack formation. 

11. The method as claimed in claim 10, wherein said soft 
low-k dielectric material includes SiLK, Aerogels, fluorid 
ized polyimide, polymeric compound or air. 

12. The method as claimed in claim 9, wherein said 
cantilever Structures are interwoven by connecting a canti 
lever on one level of interconnection to a bulk portion of a 
Semiconductor line on an adjacent level of interconnection, 
thereby increasing flexibility of stacked via-studs between 
interconnection levels. 

13. A multilevel semiconductor integrated circuit (IC) 
Structure comprising: 

a Semiconductor Substrate layer having formed therein a 
metal feature, 

a first interconnect layer including low-k dielectric mate 
rial formed over Said Substrate; 

a first via Stud in Said first interconnect dielectric layer 
connecting said metal feature formed in Said semicon 
ductor Substrate to a first metal interconnection line 
Segment formed in Said first dielectric layer; 

a Second interconnect layer including low-k dielectric 
material formed over Said first interconnect dielectric 
layer; 

a Second via Stud in Said Second interconnect dielectric 
layer aligned with and connecting Said first metal 
interconnection line Segment with a Second metal inter 
connection line Segment formed in Said Second dielec 
tric layer, Said Second metal interconnection line Seg 
ment of rectangular shape and at a Selected location 
Such that one end of the Second metal line Segment is 
above the first metal line Segment of the same length 
and the width; 

a third interconnect layer including low-k dielectric mate 
rial formed over Said Second interconnect dielectric 
layer, and, 

a third via Stud in Said third interconnect dielectric layer 
connecting Said Second metal interconnection line Seg 
ment of rectangular shape at an opposite end thereof 
with a third metal interconnection line Segment formed 
in Said third dielectric layer, 

Said first, Second and third integrated via-Studs and Said 
Second metal line Segment forming a Stacked via-Stud 
arrangement with Said Second metal line Segment com 
prising a cantilever Structure. 

14. The multilevel IC structure as claimed in claim 9, 
wherein a dielectric material of each Said first, Second and 
third interconnection dielectric layers includes a Soft low-k 
dielectric material, Said cantilever being integrated within 
Said Soft low-k dielectric material at a level to increase 
resistance to thermal fatigue crack formation. 
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15. The multilevel IC structure as claimed in claim 13, 
further including a fourth interconnection dielectric level 
including low-k dielectric material above Said third inter 
connection level and a fourth level integrated via-Stud 
connecting Said third metal line Segment with a fourth metal 
interconnection line Segment formed in Said fourth dielectric 
layer, Said third metal line Segment comprising a Second 
cantilever Structure formed in Said low-k dielectric material 
of said third dielectric layer. 

16. A multilevel semiconductor integrated circuit (IC) 
Structure including: 

a first interconnect level including a layer of dielectric 
material over a Semiconductor Substrate, the layer of 
dielectric material comprising a dense material for 
passivating Semiconductor devices and local intercon 
nects underneath; 

multiple interconnect layers of dielectric material formed 
above the layer of dense dielectric material, each layer 
of dielectric material including at least a layer of low-k 
dielectric material; and, 

a set of Stacked via-Studs in the low-k dielectric material 
layers, each of Said Set of Stacked via Studs intercon 
necting one or more patterned conductive Structures, a 
conductive Structure comprising a cantilever formed in 
Said low-k dielectric material. 

17. The multilevel IC structure as claimed in claim 16, 
wherein Said cantilever comprises a high conductivity metal, 
said cantilever disposed between two stacks of via-Studs 
from Said Set of Stacked Via-Studs. 

18. A redundant System for interconnecting conductive 
layers of a multiple layer Semiconductor integrated circuit 
(IC), said redundant System comprising: 

a plurality of interlaced metal via-Studs for interconnect 
ing a first conductive Structure at a lower level inter 
connect Structure lying over a Substrate to a Second 
conductive Structure formed in an upper interconnect 
level, each Said conductive Structures lying in a layer of 
dielectric material; 

a third conductive Structure in an interconnect level 
between Said lower and upper interconnect levels, Said 
interconnect level including a low-k dielectric material, 
at least one of Said metal via-Studs connecting Said first 
conductive structure to Said third conductor Structure at 
a bulkhead region end of Said third conductive Struc 
ture, 
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a gap being formed in Said third conductive Structure to 
result in one or more cantilever Structures in Said third 
conductive structure, and, 

at least one of Said metal via-Studs connecting a free end 
of Said cantilever Structure a distance from Said first 
metal via-Stud to a bulkhead region formed in Said 
Second conductive Structure at Said upper level; 

wherein Said third conductive Structure lies in a perpen 
dicular fashion with respect to Said upper and lower 
conductive Structures to facilitate redundant paths con 
necting Said first and Second conductive layerS via Said 
third conductive layer. 

19. The redundant system as claimed in claim 18, wherein 
Said Second conductive layer includes a further cantilever 
Structure, Said cantilever Structures of Said Second and third 
conductive Structures being interwoven by connecting a 
cantilever on one conductive Structure at a level of inter 
connection to a bulk portion of a conductive structure on an 
adjacent level of interconnection, thereby increasing flex 
ibility of Stacked via-Studs between interconnection levels. 

20. A flexible system for a multilevel interconnection 
including a bus line at one interconnection level, Said System 
comprising: 

a Semiconductor Substrate having metal features, 

multiple layers of dielectric material over said Substrate, 
each layer comprising at least a layer of a low Strength 
low-k dielectric material; 

a multilevel interconnection disposed within multilayers 
of dielectric, the multilevel interconnection comprising 
a flexible patterned Structure; 

the flexible patterned Structure includes at least one can 
tilever Structure formed by removing U-shaped metal 
formation within the width of a line, and at Selected 
regions along a bus line; 

a set of Stacked via-Studs formed Substantially in Said low 
Strength low-k dielectric material for connecting the 
free end of the cantilever on one level of interconnec 
tion to the bulk of said bus line on another intercon 
nection level. 


