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ENHANCED ELECTROMIGRATION 
RESISTANCE IN TSV STRUCTURE AND 

DESIGN 

BACKGROUND 

[0001] The disclosure relates generally to three dimen 
sional silicon integration structures and more speci?cally to 
design and layout of through-silicon via (TSV) structures 
alloWing for enhanced electromigration resistance. 
[0002] 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 
substrate, providing a stacked Wafer/die packaging method 
and alloWing electrical connection betWeen circuits in sepa 
rate Wafers or chips. 
[0003] There are a number of Ways to create a TSV. Typi 
cally, a hole is etched into the semiconductor substrate, and 
sometimes through the interconnect structure as Well. The 
hole may then be lined With various isolating layers and/or 
various metal layers. The hole is then ?lled With the conduc 
tive material, typically copper (Cu), Whichbecomes the major 
part of a TSV. Some TSV’s are in electrical contact With the 
semiconductor substrate, While others are electrically iso 
lated. 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 the Wafer is then subject to a thinning process (eg 
mechanical grinding, chemical-mechanical-polishing 
(CMP), or chemical or plasma etching) until the conductive 
metal of the TSV extends all the Way through the semicon 
ductor substrate. This side of the semiconductor substrate 
may be referred to as the grind side. The opposite side, Where 
devices and the interconnect structure are located, may be 
referred to as the device side. 

[0004] A metalliZation layer is Wiring embedded in a 
dielectric material. Multiple metalliZation layers are often put 
together and interconnected through conventional vias. These 
layers together may be called the interconnect structure, or 
the Back End of Line (BEOL) Wiring levels. Though a con 
ventional 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 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 to four times the thickness in the Worst case. A 
TSV, having to pass through an entire semiconductor sub 
strate, 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 the much larger TSV structure. The siZe of the TSV 
also alloWs for ?delity of shape. Because the diameter of 
minimum-sized conventional vias is at the limits of photo 
lithographic resolution, shapes given to conventional vias end 
up essentially round. HoWever, due to the greater shape ?del 
ity of the TSV, surfaces, angles and edges in the design can be 
preserved in the shapes built into the Wafer. 
[0005] 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 mate 
rial caused by the gradual movement of ions in a conductor. 

Aug. 9, 2012 

This transport of material may eventually cause a gap, or a 
void, in the conductive material leading to higher resistance at 
other connection 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 material. Such electromigration ground rules are 
Well knoWn Within the art. 

SUMMARY 

[0006] The different illustrative embodiments provide a 
method 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 ?rst end of the TSV 
connects to a ?rst 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 ?rst ?at edge is created on 
a cross-section the ?rst end of the TSV at the intersection of 
the ?rst end of the TSV and the ?rst metalliZation layer. A 
second ?at 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 ?rst metalliZation layer inter 
sects orthogonally With the ?rst ?at edge. 
[0007] The embodiments also provide a structure for a TSV 
for use in a semiconductor substrate. The TSV structure com 
prises a ?rst end of the TSV connected to a ?rst metalliZation 
layer on a device side of the semiconductor substrate. The 
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 
?rst ?at edge on a cross-section of the ?rst end of the TSV at 
the intersection of the ?rst end of the TSV and the ?rst 
metalliZation layer and a second ?at 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 ?rst metalliZation layer 
intersects orthogonally With the ?rst ?at edge. 
[0008] 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 ?rst end connected to a ?rst metalliZation layer 
from the one or more metalliZation layers on a device side of 
one of the one or more semiconductor substrates. A second 

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 ?rst ?at edge is on a cross-section of the 
?rst end at the intersection of the ?rst end and the ?rst met 
alliZation layer. A second ?at 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 ?rst metalliZation layer intersects orthogonally 
With the ?rst ?at edge. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0009] FIG. 1(A) is an illustration of a traditional through 
silicon via (TSV) geometry from a three dimensional vieW; 
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[0010] FIG. 1(B) is an illustration of a traditional through 
silicon via (TSV) geometry from a tWo dimensional side 
vieW; 
[0011] FIG. 1(C) is an illustration of a traditional through 
silicon via (TSV) geometry from a top vieW; 
[0012] 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; 
[0013] FIG. 3 is an illustration of different vieWs of an 
improved structural design for a TSV and layout of a contact 
grid (connecting Wires) in accordance With an illustrative 
embodiment; 
[0014] FIG. 4 is an illustration of a contact grid designed to 
provide greater metal overlap along the ?at edges of the TSV 
structure in accordance With an illustrative environment; and 
[0015] FIG. 5 is an illustration of a process for reducing 
electromigration in a circuit containing TSVs in accordance 
With an illustrative embodiment. 

DETAILED DESCRIPTION 

[0016] FIG. 1 depicts a traditional through-silicon via 
(TSV) geometry from different vieWs. 1(A) shoWs a three 
dimensional vieW, 1(B) shoWs a tWo dimensional side vieW of 
the same geometry, and 1(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 of TSV 102 Will not necessarily be 
a perfect circle, but may be made up of many small ?at edges. 
Etching is typically used to round out sharp comers that may 
increase stresses in the geometry. TSV 102 has substantially 
planar end portions 105 and 107. 
[0017] 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 contact the end portions 105 and 107 of TSV 102 from 
any 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, ?at metal 
Wires disposed generally at right angles to the axis of TSV 
102. “Thin” is relative to the dimensions of the semiconductor 
Wafer. Where a silicon Wafer or similar semiconductor Wafer 
might be ?fty to eighty micrometers thick (pm), the Wiring 
features of metalliZation layers 104 and 106 may be on the 
order of single micrometers or smaller. 
[0018] By connecting metalliZation layers 104 and 106 to 
the end portions 105 and 107 of TSV 102 current 108 may 
?oW 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 a cross-section much larger than Wires in the metal 
liZation layers 104 and 106 and hence Will have a much loWer 
resistance. Due to the loWer resistance, even though current 
density may be uniform at a distance from TSV 102, due to 
the convex perimeter of cross section shape of TSV 102, the 
current 108 ?oWing 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. 
The same Will happen on the opposite end as current 108 
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?oWs out of the leading edge of TSV 102 and into metalliZa 
tion layer 104. In FIG. 1 current croWding as described is 
depicted in regions 110. 
[0019] Although TSV 102 can carry a large amount of 
current 108 due to its much larger cross-sectional area, the 
attached Wires in metalliZation layers 104 and 106 are 
restricted by electromigration 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 dam 
age may occur before the end of the semiconductor’s life. 
[0020] Current croWding of this nature is much less evident 
in via and metal Wire contact points Within the interconnect 
structure. Hence, illustrative embodiments provide for TSV 
structures that mitigate electromigration concerns. 
[0021] FIG. 2 illustrates cross-sections of improved struc 
tural designs for a TSV depicted in accordance With an illus 
trative embodiment, overlaid on a traditional TSV cross-sec 
tion. Connection 200 shoWs an end of a TSV Where it abuts a 
metalliZation layer 204. Here, connection 200 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 
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 ?oWs to neW leading points 208, causing the 
eventual loss of contact in these contact areas as Well. Con 
tinuing 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. 

[0022] By providing a ?at edge in the TSV structure Where 
current enters and exits, such as a truncated square cross 
section 210 or octagonal cross-section 214, the current is 
evenly distributed over the length of the edge, as shoWn in ?at 
edge 212 of the truncated square cross-section 210 and ?at 
edge 216, of octagonal cross-section 214. 
[0023] Cross-sections 210 and 214 are not intended to be 
structurally limiting. A person of skill in the art Will recogniZe 
that even a single ?at edge Will alloW current to How, With a 
relatively uniform current density, into or out of that ?at 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. 

[0024] Although in all embodiments, corners are intro 
duced into the design, in the preferred embodiment, the etch 
process rounds these corners, keeping the local stresses loW. 
[0025] FIG. 3 depicts different vieWs of an improved struc 
tural design for a TSV and layout of connecting Wires in 
accordance With an illustrative embodiment. VieW 3 (A) offers 
a three dimensional vieW of a TSV structure connected to 
metal layers. VieW 3(B) shoWs a cross-sectional vieW Where a 
metal layer intersects With an end of the TSV structure. 
[0026] TSV 302 is a TSV structure passing entirely through 
a semiconductor substrate (not shoWn). In a preferred 
embodiment, TSV 302 Will be composed of copper (Cu). 
TSV 302 has eight ?at 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 
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by the invention must only have a ?at edge Where the TSV 
connects to Wires. Other suitable structures include, but are 
not limited to, tWo ?at 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 struc 
ture With an octagonal cross-section, and a TSV structure 
With a decagonal cross-section. The connecting edges of TSV 
302 are positioned perpendicular to the axis of the connecting 
metal Wires in metalliZation layers 304 and 306 so that current 
may ?oW into and out of TSV 302 uniformly. 
[0027] 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. 
[0028] 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 insulating material, or comprise some combination of the 
preceding. In another embodiment, TSV 302 may be com 
pletely devoid of inner core 308. 
[0029] VieW 3(B) shoWs TSV cross-section 310 of TSV 
302 at the intersection With metalliZation layer 304 on the 
device side of the chip. Current 312 ?oWs through metal layer 
304, into contact grid 314 and into TSV cross-section 310 
from the right. In another embodiment current 312 may 
instead ?oW from TSV cross-section 310, into contact grid 
314 and into metal layer 304. 
[0030] Wires in the metalliZation layer 304 may connect 
With 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 
the contacting Wire in a mesh pattern alloWs the Wiring to 
meet any metal density restrictions (also referred to as Wire 
density restrictions and metal coverage restrictions) required 
for the chemical mechanical polishing (CMP) used to de?ne 
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. 
[0031] Current density chart 316 shoWs higher current den 
sities 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 current densities can be seen in area 318. 

[0032] FIG. 4 illustrates an optimiZed contact grid to pro 
vide greater metal overlap along the ?at edges of the TSV 
structure in accordance With an illustrative environment. 
Connection 400 shoWs an endportion 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. 
[0033] Here, the end portion of TSV structure 402, is 
designed so that its cross-section forms a truncated square 
404. End portion 402 is overlaid With contact grid 406. Con 
tact grid 406 has been changed, from exemplary contact grid 
314 in FIG. 3, to provide greater metal overlap along the ?at 
edges of the TSV structure 402. Here the overlap corresponds 
to the truncated square design 404. A person of skill in the art 
Will recogniZe that a similar alternate contact grid Would be 
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just as bene?cial if TSV structure 402’s cross-section formed 
an equilateral octagon, or other shapes comprising ?at edges 
of intersection. The overlap betWeen contact grid 406 and the 
?at edge of TSV 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 ?oWing from a TSV structure 
such as 402 and into contact grid 406 (and connecting met 
alliZation layer) While still conforming to Wiring density 
rules. 
[0034] FIG. 5 depicts a process for reducing electromigra 
tion in a circuit containing TSVs in accordance With an illus 
trative embodiment. 
[0035] Process 500 begins by forming a TSV through a 
semiconductor substrate (502). This process is described in 
the background. Then process 500 must create ?at edges at 
the intersection of metalliZation layers and the ends of the 
TSV (504). In one embodiment, this is accomplished by 
etching a hole into the substrate With ?at sides. When the hole 
is ?lled With the conductive material to form the TSV, the 
resulting TSV has ?at sides and hence ?at edges Where the 
TSV intersects With metalliZation layers. Other methods may 
be used to produce ?at edges at the intersection. In the above 
described embodiment, the intersecting ?at edge at the top 
and the intersecting ?at edge at the bottom may be opposite 
ends of the same ?at side of the TSV. In a preferred embodi 
ment, the formed TSV Will have eight ?at sides, forming a 
truncated square or an octagon. 

[0036] Process 500 positions the TSV so that a Wire in the 
metalliZation layers intersects the ?at 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 ?oWing into 
or out of the TSV, and the current Will pass to and from the 
Wire uniformly across the intersection. 
[0037] 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 metal coverage. In one embodiment, the over 
lap betWeen an edge Wire of the contact grid and the ?at edge 
of the TSV Will be greater than or equal to one and one-half 
times (1.5x) the Wire thickness. 
[0038] The ?owchart illustrates one possible implementa 
tion of a system and method according to one embodiment of 
the present invention. It should also be noted that, in some 
alternative implementations, the steps noted in the ?owchart 
may occur out of the order noted in the ?gures. For example, 
tWo blocks shoWn in succession may, in fact, be executed 
substantially concurrently, or the blocks may sometimes be 
executed in the reverse order, depending upon the function 
ality involved. 
[0039] The resulting integrated circuit chips can be distrib 
uted by the fabricator in raW Wafer form (that is, as a single 
Wafer that has multiple unpackaged chips), as a bare die, or in 
a packaged form. In the latter case the chip is mounted in a 
single chip package (such as a plastic carrier, With leads that 
are af?xed to a motherboard or other higher level carrier) or in 
a multichip package (such as a ceramic carrier that has either 
or both surface interconnections or buried interconnections). 
In any case the chip is then integrated With other chips, dis 
crete circuit elements, and/or other signal processing devices 
as part of either (a) an intermediate product, such as a moth 
erboard, or (b) an end product. The end product can be any 
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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. 
[0040] The terminology used herein is for the purpose of 
describing 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 “comprising,” When used in this speci?cation, specify the 
presence of stated features, integers, steps, operations, ele 
ments, and/ or components, but do not preclude the presence 
or addition of one or more other features, integers, steps, 
operations, elements, components, and/or groups thereof. 
[0041] The corresponding structures, materials, acts, and 
equivalents 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 speci?cally 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 
modi?cations 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 
ordinary skill in the art to understand the invention for various 
embodiments With various modi?cations as are suited to the 
particular use contemplated. 

1-8. (canceled) 
9. An integrated circuit chip comprising: 
a through silicon via (TSV) formed through a semiconduc 

tor substrate; 
a ?rst end of the TSV connected to a ?rst metalliZation 

layer on a device side of the semiconductor substrate; 
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a contact grid formed in the ?rst metalliZation layer, the 
contact grid comprising a pattern of intersecting metal 
lines covering the ?rst end of the TSV; 

at least one other metal line in the ?rst metalliZation layer 
connected to the contact grid such that current can pass 
betWeen the TSV and the at least one other metal line by 
Way of the contact grid; 

a second end of the TSV connected to a second metalliZa 
tion layer on a grind side of the semiconductor substrate; 

a ?rst ?at edge on a cross-section of the ?rst end at the 
intersection of the ?rst end and the ?rst metalliZation 
layer, Wherein the ?rst ?at 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 ?rst 
?at edge and overlaps the ?rst ?at edge by at least one 
and one-half times a thickness of the metal line; and 

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

10. The integrated circuit chip of claim 9, Wherein 
the TSV includes an inner core comprised of a material 

different than a bulk conductive material of the TSV. 
11. The integrated circuit chip of claim 9, Wherein 
the TSV has at least three sides connecting the ?rst end and 

the second end, Wherein at least tWo of the at least three 
sides are planar. 

12. The integrated circuit chip of claim 11, Wherein the 
TSV has eight planar sides. 

13. The integrated circuit chip of claim 12, Wherein a 
cross-section of the eight planar sides form a truncated 
square. 

14. The integrated circuit chip of claim 12, Wherein the 
eight planar sides are equal in dimension. 

15. The integrated circuit chip of claim 9, 
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. 

16-17. (canceled) 


