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(57) ABSTRACT 

A structure for reducing stress-induced Voiding in an inter 
connect of an integrated circuit, the interconnect having a 
first portion and at least a second portion narrower than the 
first portion. The structure comprises at least one interior slot 
disposed in the first portion in proximity to the intersection 
of the first portion and the second portion. The present 
invention also includes methods of making the interconnect 
and the structure. A conductive interconnect structure com 
prises a first portion and at least a second portion narrower 
than the first portion; and a stress reducing structure com 
prising a transition portion formed at an intersection of the 
first portion and the second portion. 
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STRUCTURE FOR REDUCING STRESS-INDUCED 
VOIDING IN AN INTERCONNECT OF 

INTEGRATED CIRCUITS 

FIELD OF THE INVENTION 

0001. The present invention relates to integrated circuits 
and more particularly to structures in an interconnect and 
methods of manufacture thereof. 

BACKGROUND 

0002 With broad utilization of integrated circuits, the 
reliability of conductive connection becomes increasingly 
important. Among corrosion and electromigration, stress 
induced voiding is one of major causes resulting to the 
malfunction of integrated circuits on chips. The reason is 
speculated to be that Small notches usually originate at grain 
boundaries and migrate slowly towards low-stress region 
according to stress gradient to relieve the stress. Along the 
time, Small Voiding distributed in conductive material Such 
as metals grows, moves, and accumulates in low-stress 
regions. As a result, stress-induced voiding causes discon 
tinuities in conductive connections of the integrated circuits. 
The discontinuity results in open circuit failure in one layer 
metallization structures and an increase in the line resistance 
in the metallization structure formed by multiple layers of 
refractory metals such as W. TiW. Ta, TaN, and Ti. 
0003 Void growth is governed by some variables such as 
the properties, microstructure, and processing of the metal 
lization. The circuit failure by stress-induced voiding 
depends upon Void morphology Such as size, shape, and 
density of voids and the geometry of the metallization. 
Voiding becomes a serious problem in particular in narrow 
aluminum lines. Some approaches are employed to improve 
the stress-induced Voiding phenomena Such as using copper 
and other additives as alloying elements, reducing contami 
nant concentrations like nitrogen and oxygen, and producing 
metallization films with larger grain sizes. 

SUMMARY OF THE INVENTION 

0004. A structure for reducing stress-induced voiding in 
an interconnect of an integrated circuit, the interconnect 
having a first portion and at least a second portion narrower 
than the first portion. The structure comprises at least one 
interior slot disposed in the first portion in proximity to the 
intersection of the first portion and the second portion. The 
present invention also includes methods of making the 
interconnect and the structure. A conductive interconnect 
structure comprises a first portion and at least a second 
portion narrower than the first portion; and a stress reducing 
structure comprising a transition portion formed at an inter 
section of the first portion and the second portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005. A more complete understanding of the present 
invention can be obtained by reference to the detailed 
description of embodiments in conjunction with the accom 
panying drawings, in which: 
0006 FIG. 1 illustrates an oblique plan view of an 
interconnect with a slot; 
0007 FIG. 2 illustrates a top view of the interconnect in 
FIG. 1; 
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0008 FIGS. 3A and 3B illustrate a top view of an 
alternative embodiment of an interconnect with two slots; 
0009 FIG. 4A to 4C illustrate the steps of forming an 
interconnect with a slot in an integrated circuit from the 
cross-sectional view of the interconnect cutting from AA 
line in FIG. 1; 
0010 FIG. 5A to 5D illustrate the steps of forming an 
interconnect with a slot in an integrated circuit by a dama 
scene method from the cross-sectional view of the intercon 
nect cutting from AA' line in FIG. 1; 
0011 FIG. 6 illustrates a top view of an interconnect with 
a triangle stress reducing structure; 
0012 FIG. 7 illustrates a top view of an interconnect 
with a curved stress reducing structure; 
0013 FIG. 8 illustrates a top view of an interconnect 
with a slot and a triangle stress reducing structure. 

DETAILED DESCRIPTION 

0014 Several models are suggested to explain the migra 
tion of stress-induced vacancies. It is believed that vacancies 
nucleated from grainboundaries of conductive materials can 
be driven by thermal stress to migrate. Structures Such as a 
connection between a via and an interconnect; and a sharp 
transition from a wide portion to a narrow portion of an 
interconnect, attract vacancies generated in the connecting 
conductive materials. As a result, it is likely that vacancies, 
accumulated around these regions, cause the failure of an 
integrated circuit. 
0015. Two structure designs can resolve the problem. 
Firstly, a slot disposed in an appropriate position of an 
interconnect can interrupt the migration of vacancies from 
the connecting conductive materials by blocking or delaying 
vacancies from arriving to these regions. In addition, a slot 
can also modify the local thermal stress profile. Secondly, 
because a sharp transition from a wide portion to a narrow 
portion of an interconnect creates a higher thermal stress 
gradient to attract vacancies, a stress reducing structure can 
be employed to reduce the stress gradient by Smoothening 
the sharp transition corners. These two features can be 
applied separately or at the same time. Accordingly, a 
possible circuit failure caused by voiding is delayed or 
prevented. The lifetime of an integrated circuit is increased. 
0016. This description of the exemplary embodiments is 
intended to be read in connection with the accompanying 
drawings, which are to be considered part of the entire 
written description. in the description, relative terms such as 
“narrower” and “longer should be construed to refer to the 
quantity of the characteristic under discussion. Relative 
terms such as “right,”“left,”“lower,”“higher,”“lowest, 
“highest,”“top,”“bottom,”“parallel” and “perpendicular 
should be construed to refer to the orientation as then 
described or as shown in the drawing under discussion. 
These relative terms are for convenience of description and 
do not require that the apparatus be constructed or operated 
in a particular orientation. 
0017 FIG. 1 illustrates an oblique plan view of an 
exemplary embodiment of the present invention. An inter 
connect comprises a first portion 110 and a second portion 
120. The width of the second portion 120 is narrower than 
that of the first portion 110. The first 110 and second 120 
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portions converge at intersection 160. For purpose of this 
description the intersection 160 is defined as a plane at the 
transition from the first portion 110 to the narrower second 
portion 120. An internal slot structure 130 is disposed in the 
first portion 110 of the interconnect in proximity to the 
intersection 160. In the embodiment depicted, the first 
portion 110 is a flat rectangular solid and the second portion 
120 is a strip. The second portion 120 is further connected 
to a via 140 at a connection position 150. 

0018. In another embodiment, the first portion 110 can be 
a flat polygon Solid or a flat irregular shape. The second 
portion 120 can have any elongated shape. The first portion 
110 and the second portion 120 comprise electrically con 
ductive materials such as metals or doped polysilicon. In 
some embodiments, the first portion 110 and the second 
portion 120 comprise a layer of aluminum, aluminum alloy, 
or copper. In other embodiments, the first portion 110 and 
the second portion 120 comprise multiple layers of metals 
chosen from Such as titanium layer, titanium nitride layer, 
tungsten layer, and copper layer. Each layer may have 
different thickness. The first portion 110 can have different 
number of layers, different thickness of layers, and different 
layer materials from the second portion 120. 

0019. Although FIG. 1 depicts a single slot 130, in other 
embodiments the first portion 110 can have two or more slots 
inside. The slot 130 is relatively longer than the width of the 
intersection 160. In addition, the slot 130 is disposed in front 
of the intersection 165 to block vacancies generated on the 
left-hand side of the slot 130 from migrating into the second 
portion 120. In another embodiment, the slot 130 can be a 
little bit longer than the width of the intersection 160 and be 
disposed right in front of the intersection 165. Moreover, the 
slot 130 is disposed approximately parallel to the intersec 
tion 160. The slot 130 is filled with dielectric material Such 
as silicon dioxide. In some embodiments, the slot 130 is a 
hollow elongated structure. 

0020 FIG. 2 illustrates the top view of the interconnect 
shown in FIG. 1. The slot 130 is separated from the top end 
of the first portion 110 at a distance 170, from the bottom end 
of the first portion 110 at a distance 175, and from the 
intersection 160 at a distance 180. Distances 170, 175, 180 
can be different. Distances 170, 175, and 180 are preferred 
not less than a critical dimension of a manufacturing gen 
eration. The critical dimension is the width of the lines and 
spaces of critical circuit patterns. In an embodiment, dis 
tances 170, 175, and 180 are preferred not less than 120 
nanometer. On the other hand, the distance 180 is preferred 
less than 100 times of the critical dimension or less than half 
of a length of the first portion 185. 

0021. As illustrated in FIG. 3A, a first portion 310 
contains two interior slots 330 and 335. Both slots 330 and 
335 are disposed approximately parallel to the intersection 
between the first portion 310 and a second portion 320. A 
distance between slot 330 and the intersection between a 
first portion and a second portion is preferred less than 100 
times of the critical dimension or less than half of a length 
of the first portion. Slots 330 and 335 need not have the same 
shape or size. Likewise, as shown in FIG. 3B, a first portion 
350 contains two slots 370 and 375. Both Slots 370 and 375 
are disposed approximately perpendicular to an intersection 
between a first portion 350 and a second portion 360. A 
distance between slot 370 and slot 375 is preferred less than 
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10 times of a critical dimension. Slot 370 is disposed higher 
than a dotted line 380 horizontally connecting from a highest 
point of the intersection. Slot 375 is disposed lower than a 
dotted line 385 horizontally connecting from a lowest point 
of the intersection. Slots 330 and 335 need not have the same 
shape or size. 

0022. A method of manufacturing an interconnect struc 
ture embodying the present invention is shown in FIG. 4A 
to 4C. In FIG. 4A, a layer of conductive material 420 is 
formed on a semiconductor substrate 410. The conductive 
layer 420 can comprise aluminum, aluminum alloy, or 
copper. The conductive layer can be formed, for example, by 
physical vapor deposition (PVD). A resist layer 430 is then 
formed on the conductive layer 420. The material of resist 
layer 430 comprises positive resist or negative resist. The 
resist layer 430 can be formed, for example, by sputtering. 

0023. In FIG. 4B, by applying suitable photolithographic 
techniques, the resist layer 430 is exposed by a radiation 
source to form a pattern of the exemplary embodiment of the 
interconnect structure. After development, portions 450 and 
455 of the resist layer 430 are left. In FIG. 4C, the 
conductive layer 420 is etched to form the interconnect 
structure. The process of etching can be implemented by 
using an anistropic dry etching. The remaining portion of the 
resist layer 430 is then removed. The portion 470 of the 
conductive layer 420 is the first portion 110 of the intercon 
nect. The portion 475 of the conductive layer 420 is the 
second portion 120. The opening 460 is the slot 130. 

0024. In addition to the aforementioned method of fab 
ricating an interconnect structure, another method of dama 
scene process can also be used to manufacture an intercon 
nect structure in accordance with the present invention. To 
increase the operating speed of an integrated circuit while 
reducing power consumption, conductive material with 
lower electrical resistance Such as copper is used to replace 
aluminum. However, copper is difficult to etch in a semi 
conductor environment. As a result, a damascene approach, 
comprising of etching openings such as trenches and vias in 
the dielectric material and filling with copper, is used. After 
a layer of copper seed is deposited onto the Surface of 
dielectric layer where openings for trenches and vias are 
formed, the bulk of the copper trench-fill and via-fill is 
performed using, for example, an electroplating technique. 

0025. In FIG. 5A, a dielectric layer 520 is formed on a 
semiconductor substrate 510. The dielectric layer comprises 
silicon dioxide (SiO), silicon nitride (SiN), tantalum pen 
toxide (TaOs), or any combinations thereof Silicon dioxide 
can be formed by thermal oxidation or be deposited by 
chemical vapor deposition (CVD). A resist layer 530 is then 
formed on the dielectric layer 520. In FIG. 5B, by applying 
a conventional photolithographic technology, the resist layer 
530 is exposed to form the pattern of an interconnect 
structure. The exposure sources can be radiation Such as I 
line at 365 nm and deep ultraviolet at 193 nm. After 
development, openings 550 and 555 are formed on the resist 
layer 530 for further etching the dielectric layer 520. In FIG. 
3C, the dielectric layer is etched to form openings 570 and 
575. For silicon dioxide, the basic etchant is hydrofluoric 
acid (HF). In practice, the HF is usually mixed with water or 
ammonium fluoride and water to create a reasonable etch 
rate. Because wet etching is isotropic which results in sloped 
sidewalls, in some other embodiments, the process of etch 
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ing can be implemented by using an anisotropic dry etching. 
After etching, the remaining resist layer 530 is then 
removed. 

0026 Conductive material such as copper is then depos 
ited to fill openings 570 and 575 by electroplating. The upper 
surface of the dielectric layer 520 is planarized by chemical 
mechanical polishing (CMP). The conductive portion 590 is 
the first portion 110 of the interconnect. The conductive 
portion 595 is the second portion 120 of the interconnect. 
The dielectric portion 580 is the slot 130. 
0027. As shown in FIG. 6, an interconnect comprises a 

first portion 610 and a second portion 620. The width of the 
second portion 620 is narrower than that of the first portion 
610. A stress reducing structure 630 partially filling in the 
angle 640 where the first portion 610 and the second portion 
620 meet. 

0028. In this embodiment, the first portion 610 is a 
rectangle; the second portion 620 is a rectangular strip; the 
stress reducing structure 630 is a triangle; and the meeting 
angle 640 is a right angle (from top view). In another 
embodiment, the first portion 610 can be a polygon or an 
irregular shape (from the top view). The second portion 620 
can be in any elongated shape. The stress reducing structure 
can be in any shape that can at least partially fit in the angle 
630 to smoothen the sharp connection comers between the 
first portion 610 and the second portion 620. For example, 
FIG. 7 illustrates another embodiment of an interconnect 
structure with a stress reducing structure 730 having a 
curved shape. The first portion 620, the second portion 620, 
and the stress reducing structure 630 comprise electrically 
conductive materials such as metals or doped polysilicon. In 
some embodiments, the first portion 610, the second portion 
620, and the stress reducing structure 630 comprise a layer 
of aluminum, aluminum alloy, or copper. In other embodi 
ments, they comprise multiple layers of metals chosen from 
Such as titanium layer, titanium nitride layer, tungsten layer, 
and copper layer. Each layer may have different thickness. 
0029 FIG. 8 shows another exemplary embodiment of a 
conductive interconnect structure 800. The structure 800 
comprises a first portion 810; a second portion 820, narrower 
than the first portion 810; an internal slot 830 in proximity 
to an intersection 850 of the first portion 810 and the second 
portion 820; and a stress reducing structure 860 partially 
filling in an angle where the first portion and the second 
portion meet. Details regarding the structure, material, 
shape, and size of the first portion, the second portion, the 
slot, and the stress reducing structure described before also 
apply in this embodiment. 
0030 Although the invention has been described in terms 
of exemplary embodiments, it is not limited thereto. Rather, 
the appended claims should be construed broadly, to include 
other variants and embodiments of the invention, which may 
be made by those skilled in the art without departing from 
the scope and range of equivalents of the invention. 

1. A structure for reducing stress-induced voiding in an 
interconnect of an integrated circuit, said interconnect hav 
ing a first portion and at least one second portion narrower 
than said first portion, said structure comprising: 

at least one interior slot disposed in the first portion in 
proximity to an intersection of said first portion and 
said second portion. 
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2. The structure of claim 1, wherein said first and second 
interconnect portions converge at said intersection, said 
intersection comprising a plane at a transition from said first 
interconnect portion to the second interconnect potion. 

3. The structure of claim 1, wherein said structure further 
comprises an electrical connection between the first and 
second interconnect portions. 

4. The structure of claim 1, wherein said slot is longer than 
a width of said intersection. 

5. The structure of claim 1, wherein said first portion and 
said second portion comprise copper. 

6. (canceled) 
7. A structure for reducing stress-induced Voiding in an 

interconnect of an integrated circuit, comprising: 
a first interconnect portion and at least one second inter 

connect portion narrower than said first interconnect 
portion; said first and second interconnect portions 
being connected at an intersection; and said second 
interconnect portion being connected to a via; 

wherein the first interconnect portion has at least one 
interior slot disposed portion in proximity to said 
intersection of said first and second interconnect por 
tions, said interior slot having a length that is greater 
than a width of said intersection. 

8. The structure of claim 7, wherein said intersection 
comprises a plane at a transition from said first interconnect 
portion to said second interconnect potion. 

9. The structure of claim 8, wherein said intersection 
comprises an electrical connection between said first and 
second interconnect portions. 

10. The structure of claim 7, wherein said interior slot has 
a length and a width, the length and width being unequal. 

11. The structure of claim 10, wherein said interior slot is 
oriented approximately parallel to said intersection. 

12. The structure of claim 7, wherein said interior slot has 
an elongated shape, said interior slot being oriented approxi 
mately parallel to said intersection. 

13. The structure of claim 12, wherein a shortest distance 
from said interior slot to said intersection is smaller than 100 
times of a critical dimension. 

14. The structure of claim 12, wherein a shortest distance 
from said slot to said intersection is smaller than one half of 
a length of said first portion. 

15. A structure for reducing stress-induced voiding in an 
interconnect of an integrated circuit, comprising: 

a first interconnect portion and at least one second inter 
connect portion narrower than said first interconnect 
portion; 

wherein said first interconnect portion comprises first and 
second elongated interior slots disposed adjacent to an 
intersection of said first and second interconnect por 
tions, said first and second slots each having a longi 
tudinal axis that is oriented approximately perpendicu 
lar to a plane of said intersection. 

16. The structure of claim 15, wherein a shortest distance 
between said first and second slots is smaller than 10 times 
of a critical dimension, and wherein said shortest distance is 
greater than a width of said first interconnect portion. 

17. The structure of claim 16, wherein a shortest distance 
from said first slot to said intersection is smaller than 100 
times of said critical dimension. 
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18. The structure of claim 16, wherein a shortest distance 
from said first slot to said intersection is Smaller than one 
half of a length of said first interconnect portion. 

19-27. (canceled) 
28. The structure of claim 14, wherein said structure 

comprises an electrical connection between said first and 
second interconnect portions. 

May 25, 2006 

29. The structure of claim 14, wherein said second inter 
connect portion is connected to a via. 

30. The structure of claim 14, wherein said first and 
second interconnect portions comprise copper. 


