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(57) ABSTRACT 

The embodiments provide a method for reducing electromi­
gration in a circuit containing a through-silicon via (TSV) and 
the resulting novel structure for the TSV. A TSV is formed 
through a semiconductor substrate. A first end of the TSV 
connects to a first metallization layer on a device side of the 
semiconductor substrate. A second end of the TSV connects 
to a second metallization layer on a grind side of the semi­
conductor substrate. A first flat edge is created on the first end 
of the TSV at the intersection of the first end of the TSV and 
the first metallization layer. A second flat edge is created on 
the second end of the TSV at the intersection of the second 
end of the TSV and the second metallization layer. On top of 
the first end a metal contact grid is placed, having less than 
eighty percent metal coverage. 

7 Claims, 5 Drawing Sheets 
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ENHANCED ELECTROMIGRATION 
RESISTANCE IN TSV STRUCTURE AND 

DESIGN 

BACKGROUND 

2 
tion points, or an open circuit failure when all connection is 
lost. To reduce the occurrence of such voids, there are rules 
limiting the amount of current allowed in a conductive mate­
rial. Such electromigration ground rules are well known 
within the art. 

SUMMARY 

The different illustrative embodiments provide a method 

The disclosure relates generally to three dimensional sili­
con integration structures and more specifically to design and 
layout of through-silicon via (TSV) structures allowing for 
enhanced electromigration resistance. 10 for reducing electromigration in a circuit containing a 

through-silicon via (TSV). The method begins with a TSV 
being formed in a manner so that it passes vertically through 
a semiconductor substrate, wherein a first end of the TSV 

In semiconductor technologies, a through-silicon via, also 
known as a through-substrate via, is a conductive feature 
formed in a semiconductor substrate (wafer or die). The TSV 
feature vertically passes through the semiconductor sub­
strate, providing a stacked wafer/die packaging method and 15 

allowing electrical connection between circuits in separate 
wafers or chips. 

There are a number of ways to create a TSV. Typically, a 
hole is etched into the semiconductor substrate, and some­
times through the interconnect structure as well. The hole 20 

may then be lined with various isolating layers and/or various 
metal layers. The hole is then filled with the conductive mate­
rial, typically copper (Cu), which becomes the major part of 

connects to a first metallization layer on a device side of the 
semiconductor substrate, and wherein a second end of the 
TSV connects to a second metallization layer on a grind side 
of the semiconductor substrate. A first flat edge is created on 
a cross-section the first end of the TSV at the intersection of 
the first end of the TSV and the first metallization layer. A 
second flat edge is created on a cross-section of the second 
end of the TSV at the intersection of the second end of the 
TSV and the second metallization layer. The TSV is posi­
tioned such that a wire in the first metallization layer inter-a TSV. Some TSV s are in electrical contact with the semicon­

ductor substrate, while others are electrically isolated. Any 
material within the etched hole may be considered part of the 
TSV, so the complete TSV may include the Cu, plus a liner, 
and perhaps insulating layers. Initially, the hole does not 
extend through the complete depth of the wafer. One side of 

25 sects orthogonally with the first flat edge. 
The embodiments also provide a structure for a TSV for 

use in a semiconductor substrate. The TSV structure com­
prises a first end of the TSV connected to a first metallization 
layer on a device side of the semiconductor substrate. The 

the wafer is then subject to a thinning process (e.g. mechani­ 30 TSV structure further comprises a second end of the TSV 
connected to a second metallization layer on a grind side of 
the semiconductor substrate. The TSV further comprises a 
first flat edge on a cross-section of the first end of the TSV at 

cal grinding, chemical-mechanical-polishing (CMP), or 
chemical or plasma etching) until the conductive metal of the 
TSV extends all the way through the semiconductor sub­
strate. This side of the semiconductor substrate may be 
referred to as the grind side. The opposite side, where devices 35 

and the interconnect structure are located, may be referred to 
as the device side. 

A metallization layer is wiring embedded in a dielectric 
material. Multiple metallization layers are often put together 
and interconnected through conventional vias. These layers 40 

together may be called the interconnect structure, or the Back 
End of Line (BEO L) wiring levels. Though a conventional via 
shares some similarity of name with a through-silicon via, it 
is a substantially different structure bearing little relationship. 
A conventional via connects wires within the interconnect 45 

structure and may only pass through a single dielectric layer. 
Conventional vias are on the order of the sizes of the metal 
lines to which they connect, generally within a factor of three 

the intersection of the first end of the TSV and the first 
metallization layer and a second flat edge on a cross-section 
of the second end of the TSV at the intersection of the second 
end of the TSV and the second metallization layer. The TSV 
is positioned such that a wire in the first metallization layer 
intersects orthogonally with the first flat edge. 

An illustrative embodiment also provides a system for 
reducing electromigration in a circuit containing TSVs. The 
system comprises one or more semiconductor substrates, 
each semiconductor substrate having a device side and a grind 
side. Each semiconductor substrate connects to an intercon­
nect structure comprising one or more metallization layers. 
One or more TSVs pass through the one or more semicon­
ductor substrates. At least one of the one or more TSVs 
comprises a first end connected to a first metallization layer 
from the one or more metallization layers on a device side of to four times the thickness in the worst case. A TSV, having to 

pass through an entire semiconductor substrate, may be as 
much as thirty times larger in diameter than the conventional 
via. This has the effect of necessitating that, when connecting 
circuits on one chip or wafer to another chip or wafer, 
extremely thin wires in a metallization layer must connect to 

50 one of the one or more semiconductor substrates. A second 

the much larger TSV structure. The size of the TSV also 55 

allows for fidelity of shape. Because the diameter of mini­
mum-sized conventional vias is at the limits of photolitho­
graphic resolution, shapes given to conventional vias end up 
essentially round. However, due to the greater shape fidelity 
of the TSV, surfaces, angles and edges in the design can be 60 

preserved in the shapes built into the wafer. 
Electromigration can take place in any conductive material 

carrying a current, such as a TSV structure or a metallization 
layer. Electromigration is the transport of material caused by 
the gradual movement ofions in a conductor. This transport of 65 

material may eventually cause a gap, or a void, in the con­
ductive material leading to higher resistance at other connec-

end connects to a second metallization layer from the one or 
more metallization layers on a grind side of the one semicon­
ductor substrate. A first flat edge is on a cross-section of the 
first end at the intersection of the first end and the first met­
allization layer. A second flat edge is on a cross-section of the 
second end at the intersection of the second end and the 
second metallization layer. The TSV is positioned such that a 
wire in the first metallization layer intersects orthogonally 
with the first flat edge. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. l(A) is an illustration of a traditional through-silicon 
via (TSV) geometry from a three dimensional view; 

FIG. l(B) is an illustration of a traditional through-silicon 
via (TSV) geometry from a two dimensional side view; 
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FIG. l(C) is an illustration of a traditional through-silicon 
via (TSV) geometry from a top view; 

FIG. 2 is an illustration of cross-sections of improved 
structural designs for a TSV depicted in accordance with an 
illustrative embodiment, overlaid on a traditional TSV cross­
section; 

FIG. 3 is an illustration of different views of an improved 
structural design for a TSV and layout of a contact grid 

4 
tromigration ground rules to a smaller amount of current 108 
so as to avoid gaps in conductive material. Current crowding 
in regions 110 is likely to exceed the current density value 
allowed and electromigration damage may occur before the 
end of the semiconductor's life. 

( connecting wires) in accordance with an illustrative embodi­
ment; 

FIG. 4 is an illustration of a contact grid designed to pro­
vide greater metal overlap along the flat edges of the TSV 
structure in accordance with an illustrative environment; and 

FIG. 5 is an illustration of a process for reducing electromi­
gration in a circuit containing TSVs in accordance with an 15 

illustrative embodiment. 

Current crowding of this nature is much less evident in via 
and metal wire contact points within the interconnect struc­
ture. Hence, illustrative embodiments provide for TSV struc­
tures that mitigate electromigration concerns. 

1° FIG. 2 illustrates cross-sections of improved structural 
designs for a TSV depicted in accordance with an illustrative 
embodiment, overlaid on a traditional TSV cross-section. 
Connection 200 shows an end of a TSV where it abuts a 

DETAILED DESCRIPTION 

metallization layer 204. Here, connection200 shows different 
potential cross-sections the TSV may have at this intersec­
tion. A traditional TSV cross-section 202 is substantially 
circular, causing current to travel into or out of metallization 
layer 204 at the leading edge 206 of TSV cross-section 202 

FIG. 1 depicts a traditional through-silicon via (TSV) 
geometry from different views. l(A) shows a three dimen­
sional view, l(B) shows a two dimensional side view of the 
same geometry, and l(C) shows a top view. TSV 102 is a 
cylindrical structure formed of a conductive material and 
passing through a semiconductor substrate (not shown). A 
circular cross section 112 ofTSV 102 will not necessarily be 
a perfect circle, but may be made up of many small flat edges. 
Etching is typically used to round out sharp corners that may 
increase stresses in the geometry. TSV 102 has substantially 
planar end portions 105 and 107. 

20 due to low resistance in the TSV structure. With almost all 
current traveling through leading edge 206, it may form a 
void, which will grow over time, eventually cutting off this 
area of contact. After leading edge 206 loses contact, most of 
the current flows to new leading points 208, causing the 

25 eventual loss of contact in these contact areas as well. Con-
tinning in this fashion, this process may continue until inter­
nal failure or open circuit failure, or alternatively increase the 
resistance as each area becomes disconnected. 

By providing a flat edge in the TSV structure where current 
30 enters and exits, such as a truncated square cross-section 210 

or octagonal cross-section 214, the current is evenly distrib­
uted over the length of the edge, as shown in flat edge 212 of 
the truncated square cross-section 210 and flat edge 216, of 

TSV 102 contacts metallization layers 104 and 106 (also 
called metal layers) on end portions 105 and 107. TSV 102 
contacts metallization layers 104 and 106 in order to transmit 
power or signals. Metallization layers 104 and 106 may con­
tact the end portions 105 and 107 of TSV 102 from any 35 

direction and may have varying thicknesses and widths. 
Where TSV 102 is not aligned with a current source from 
another chip or from the connecting substrate, metallization 
layers 104 and 106 are one or more relatively thin, flat metal 
wires disposed generally at right angles to the axis of TSV 40 

102. "Thin" is relative to the dimensions of the semiconductor 

octagonal cross-section 214. 
Cross-sections 210 and 214 are not intended to be struc­

turally limiting. A person of skill in the art will recognize that 
even a single flat edge will allow current to flow, with a 
relatively uniform current density, into or out of that flat edge, 
and such a design is an embodiment of the present invention. 
A preferred embodiment would have eight sides such as in 
cross-sections 210 and 214 to allow wires in metallization 
layer 204 to contact the TSV structure from eight directions, 
making the TSV structure more universal. 

wafer. Where a silicon wafer or similar semiconductor wafer 
might be fifty to eighty micrometers thick (µm), the wiring 
features of metallization layers 104 and 106 may be on the 
order of single micrometers or smaller. 

By connecting metallization layers 104 and 106 to the end 
portions 105 and 107 ofTSV 102 current 108 may flow from 
metal layer 106, through TSV 102, and into metal layer 104. 
The thickness of the semiconductor dictates that TSV 102 be 
relatively wide in comparison to wiring features in use, 
amounting to a large via contacting a very thin line. This is 
unique to TSV geometry, as depicted in FIG. 1. TSV 102 has 

Although in all embodiments, corners are introduced into 
45 the design, in the preferred embodiment, the etch process 

rounds these corners, keeping the local stresses low. 
FIG. 3 depicts different views of an improved structural 

design for a TSV and layout of connecting wires in accor­
dance with an illustrative embodiment. View 3(A) offers a 

50 three dimensional view of a TSV structure connected to metal 

a cross-section much larger than wires in the metallization 
layers 104 and 106 and hence will have a much lower resis­
tance. Due to the lower resistance, even though current den- 55 

sity may be uniform at a distance from TSV 102, due to the 
convex perimeter of cross section shape of TSV 102, the 
current 108 flowing in from the wire, or wires, in metalliza­
tion layer 106 will crowd into the center of the line in order to 
reach the leading edge of the much lower resistance TSV 102. 60 

The same will happen on the opposite end as current 108 
flows out of the leading edge ofTSV 102 and into metalliza­
tion layer 104. In FIG. 1 current crowding as described is 
depicted in regions 110. 

Although TSV 102 can carry a large amount of current 108 65 

due to its much larger cross-sectional area, the attached wires 
in metallization layers 104 and 106 are restricted by elec-

layers. View 3(8) shows a cross-sectional view where a metal 
layer intersects with an end of the TSV structure. 

TSV 302 is a TSV structure passing entirely through a 
semiconductor substrate (not shown). In a preferred embodi­
ment, TSV 302 will be composed of copper (Cu). TSV 302 
has eight flat sides, in the shape of a truncated square, which 
are connected to two planar ends. A person of skill in the art 
will understand that TSV 302 is only one embodiment of the 
invention and that a TSV as encompassed by the invention 
must only have a flat edge where the TSV connects to wires. 
Other suitable structures include, but are not limited to, two 
flat sides opposite each other connected by round edges, a 
TSV structure with a triangular cross-section, a TSV structure 
with a hexagonal cross-section, a TSV structure with an 
octagonal cross-section, and a TSV structure with a decago­
nal cross-section. The connecting edges ofTSV 302 are posi­
tioned perpendicular to the axis of the connecting metal wires 



US 8,237,288 Bl 
5 

in metallization layers 304 and 306 so that current may flow 
into and out ofTSV 302 uniformly. 

Like TSV 102 in FIG. 1, TSV 302 must also connect on 
both ends to metallization layers, in FIG. 3, metallization 
layers 304 and 306. 

In an illustrative embodiment, TSV 302 contains inner core 
308. Inner core 308 is preferably comprised of silicon. In 
other embodiments, inner core 308 may be hollow, comprised 
of a conductive composite material, comprised of an insulat-

6 
FIG. 5 depicts a process for reducing electromigration in a 

circuit containing TSVs in accordance with an illustrative 
embodiment. 

Process 500 begins by forming a TSV through a semicon­
ductor substrate (502). This process is described in the back­
ground. Then process 500 must create flat edges at the inter­
section of metallization layers and the ends of the TSV (504). 
In one embodiment, this is accomplished by etching a hole 

ing material, or comprise some combination of the preceding. 10 

In another embodiment, TSV 302 may be completely devoid 

into the substrate with flat sides. When the hole is filled with 
the conductive material to form the TSV, the resulting TSV 
has flat sides and hence flat edges where the TSV intersects 
with metallization layers. Other methods may be used to 
produce flat edges at the intersection. In the above described 

of inner core 308. 
View 3(8) shows TSV cross-section 310 ofTSV 302 at the 

intersection with metallization layer 304 on the device side of 
the chip. Current 312 flows through metal layer 304, into 15 

contact grid 314 and into TSV cross-section 310 from the 
right. In another embodiment current 312 may instead flow 
from TSV cross-section 310, into contact grid 314 and into 
metal layer 304. 

embodiment, the intersecting flat edge at the top and the 
intersecting flat edge at the bottom may be opposite ends of 
the same flat side of the TSV. In a preferred embodiment, the 
formed TSV will have eight flat sides, forming a truncated 
square or an octagon. 

Wires in the metallization layer 304 may connect with 20 

metal contact grid 314 (when the TSV is not aligned with the 
current source from another chip or from the connecting 
substrate). Due to the width of TSV 302, the wiring has a 
width several times greater than its own thickness. Forming 

Process 500 positions the TSV so that a wire in the metal­
lization layers intersects the flat edge of the TSV at a right 
angle (506). This ensures that there is no leading edge of the 
TSV in which current may crowd into when flowing into or 
out of the TSV, and the current will pass to and from the wire 
uniformly across the intersection. the contacting wire in a mesh pattern allows the wiring to 25 

meet any metal density restrictions (also referred to as wire 
density restrictions and metal coverage restrictions) required 

Finally process 500, in a preferred embodiment, places a 
contact grid on the device side of the TSV (508). One or more 
wires in a metallization layer may connect to the contact grid 
which meets wire density standards of eighty percent or less 

for the chemical mechanical polishing (CMP) used to define 
the metal lines. Such restrictions are used to ensure thickness 
uniformity in the metallization level, and generally limit to 
around eighty (80) percent metal coverage or less. Contact 
grid 314 is designed to meet these requirements and is directly 
connected to TSV cross-section 310 where TSV cross-sec­
tion 310 is a planar end of TSV 302 on the device side. 
Contact grid 314 is patterned to meet metal coverage restric­
tions, and when placed, effectively becomes part of metalli­
zation layer 306. 

Current density chart 316 shows higher current densities 
represented on the top of chart 316, and low current densities 
represented by the bottom of chart 316. As current 312 enters 
TSV cross-section 310 from the left, relatively uniform cur­
rent densities can be seen in area 318. 

FIG. 4 illustrates an optimized contact grid to provide 
greater metal overlap along the flat edges of the TSV structure 
in accordance with an illustrative environment. Connection 
400 shows an end portion of an embodiment of an improved 
TSV structure, such as TSV 302 in FIG. 3, where the end 
portion connects to an improved contact grid 406. 

Here, the end portion ofTSV structure 402, is designed so 
that its cross-section forms a truncated square 404. End por­
tion 402 is overlaid with contact grid 406. Contact grid 406 
has been changed, from exemplary contact grid 314 in FIG. 3, 
to provide greater metal overlap along the flat edges of the 
TSV structure 402. Here the overlap corresponds to the trun­
cated square design 404. A person of skill in the art will 
recognize that a similar alternate contact grid would be just as 
beneficial if TSV structure 402's cross-section formed an 
equilateral octagon, or other shapes comprising flat edges of 
intersection. The overlap between contact grid 406 and the 
flat edge ofTSV structure 402 should be greater than or equal 
to one and one-half times (1.5x) the wire thickness. This 
allows the wire to collect current over a distance somewhat 
longer than the thickness of the wire itself, providing a wider 
transition region for current flowing from a TSV structure 
such as 402 and into contact grid 406 (and connecting met­
allization layer) while still conforming to wiring density 
rules. 

30 metal coverage. In one embodiment, the overlap between an 
edge wire of the contact grid and the flat edge of the TSV will 
be greater than or equal to one and one-halftimes (l .5x) the 
wire thickness. 

The flowchart illustrates one possible implementation of a 
35 system and method according to one embodiment of the 

present invention. It should also be noted that, in some alter­
native implementations, the steps noted in the flowchart may 
occur out of the order noted in the figures. For example, two 
blocks shown in succession may, in fact, be executed substan-

40 tially concurrently, or the blocks may sometimes be executed 
in the reverse order, depending upon the functionality 
involved. 

The resulting integrated circuit chips can be distributed by 
the fabricator in raw wafer form (that is, as a single wafer that 

45 has multiple unpackaged chips), as a bare die, or in a pack­
aged form. In the latter case the chip is mounted in a single 
chip package (such as a plastic carrier, with leads that are 
affixed to a motherboard or other higher level carrier) or in a 
multichip package (such as a ceramic carrier that has either or 

50 both surface interconnections or buried interconnections). In 
any case the chip is then integrated with other chips, discrete 
circuit elements, and/or other signal processing devices as 
part of either (a) an intermediate product, such as a mother­
board, or (b) an end product. The end product can be any 

55 product that includes integrated circuit chips, ranging from 
toys and other low-end applications to advanced computer 
products having a display, a keyboard or other input device, 
and a central processor. 

The terminology used herein is for the purpose of describ-
60 ing particular embodiments only and is not intended to be 

limiting of the invention. As used herein, the singular forms 
"a", "an" and "the" are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms "comprises" and/or "com-

65 prising," when used in this specification, specify the presence 
of stated features, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
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of one or more other features, integers, steps, operations, 
elements, components, and/or groups thereof. 

The corresponding structures, materials, acts, and equiva­
lents of all means or step plus function elements in the claims 
below are intended to include any structure, material, or act 
for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus­
tive or limited to the invention in the form disclosed. Many 10 

modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiment was chosen and 
described in order to best explain the principles of the inven­
tion and the practical application, and to enable others of 15 

ordinary skill in the art to understand the invention for various 
embodiments with various modifications as are suited to the 
particular use contemplated. 

What is claimed is: 
1. An integrated circuit chip comprising: 
a through silicon via (TSV) formed through a semiconduc­

tor substrate; 

20 

8 
a second end of the TSV connected to a second metalliza­

tion layer on a grind side of the semiconductor substrate; 
a first flat edge on a cross-section of the first end at the 

intersection of the first end and the first metallization 
layer, wherein the first flat edge and the contact grid are 
positioned such that a metal line from the contact grid 
runs parallel to and contacts an entire length of the first 
flat edge and overlaps the first flat edge by at least one 
and one-halftimes a thickness of the metal line; and 

a second flat edge on a cross-section of the second end at 
the intersection of the second end and the second met­
allization layer. 

2. The integrated circuit chip of claim 1, wherein 
the TSV includes an inner core comprised of a material 

different than a bulk conductive material of the TSV. 
3. The integrated circuit chip of claim 1, wherein 
the TSV has at least three sides connecting the first end and 

the second end, wherein at least two of the at least three 
sides are planar. 

4. The integrated circuit chip of claim 3, wherein the TSV 
has eight planar sides. 

5. The integrated circuit chip of claim 4, wherein a cross­
section of the eight planar sides form a truncated square. a first end of the TSV connected to a first metallization 

layer on a device side of the semiconductor substrate; 
a contact grid formed in the first metallization layer, the 

contact grid comprising a pattern of intersecting metal 
lines covering the first end of the TSV; 

6. The integrated circuit chip of claim 4, wherein the eight 
25 planar sides are equal in dimension. 

at least one other metal line in the first metallization layer 
connected to the contact grid such that current can pass 
between the TSV and the at least one other metal line by 30 

way of the contact grid; 

7. The integrated circuit chip of claim 1, 
wherein the pattern of intersecting metal lines in the con­

tact grid is such that the contact grid does not exceed a 
metal coverage density of eighty percent. 

* * * * * 




