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ARRANGING THROUGH SILICON VIAS IN

IC LAYOUT
BACKGROUND
[0001] 1. Technical Field
[0002] The disclosure relates generally to through silicon

vias, and more particularly, to arranging through silicon vias
(TSVs) in an integrated circuit (IC) layout to reduce linearly
aligned TSVs.

[0003] 2. Background Art

[0004] Through silicon vias (TSVs) are vias that extend
through a semiconductor wafer to allow wafer-to-wafer inter-
connects that are compatible with three-dimensional wafer-
level packaging. TSVs are typically elongated in one direc-
tion.

BRIEF SUMMARY

[0005] A first aspect of the disclosure provides a method
comprising: identifying linearly aligned through silicon vias
(TSVs) in a portion of an integrated circuit (IC) layout that
includes a plurality of TSVs; and modifying at least the por-
tion ofthe IC layout to reduce a number of the linearly aligned
TSVs.

[0006] A second aspect of the disclosure provides a system
comprising: an identifier for identifying linearly aligned
through silicon vias (TSVs) in a portion of an integrated
circuit (IC) layout that includes a plurality of TSVs; and a
modifier for modifying at least the portion of the IC layout to
reduce a number of the linearly aligned TSVs.

[0007] A third aspect of the disclosure provides a program
product stored on a computer-readable medium, which when
executed, arranges through silicon vias, the program product
comprising: program code for identifying linearly aligned
through silicon vias (TSVs) in a portion of an integrated
circuit (IC) layout that includes a plurality of TSVs; and
program code for modifying at least the portion of the IC
layout to reduce a number of the linearly aligned TSVs.
[0008] A fourth aspect includes an integrated circuit com-
prising: a plurality of sets of through silicon vias (T'SVs), each
set including a plurality of TSV's aligned in a selected one of
an x-direction and a y-direction, wherein a direction of layout
of the plurality of sets alternate in the x-direction and the
y-direction.

[0009] The illustrative aspects of the present disclosure are
designed to solve the problems herein described and/or other
problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other features of this disclosure will be
more readily understood from the following detailed descrip-
tion of the various aspects of the disclosure taken in conjunc-
tion with the accompanying drawings that depict various
embodiments of the disclosure, in which:

[0011] FIG. 1 shows a graph illustrating wafer breakage
percent loss for wafers including TSVs.

[0012] FIG.2showsablockdiagramofa TSV modification
system.
[0013] FIG.3 shows a flow diagram illustrating operational

methodologies of the system of FIG. 2.

[0014] FIGS. 4-7 show a top, schematic views of a portion
of a circuit layout illustrating application of the TSV modifi-
cation system to an array of TSV sets.

[0015] FIGS. 8-10 show schematic diagrams illustrating
application of the TSV modification system to randomly
assorted TSVs.

Mar. 10, 2011

[0016] Itis noted that the drawings of the disclosure are not
to scale. The drawings are intended to depict only typical
aspects of the disclosure, and therefore should not be consid-
ered as limiting the scope of the disclosure. In the drawings,
like numbering represents like elements between the draw-
ings.

DETAILED DESCRIPTION

[0017] Through siliconvias (TSVs) are typically elongated
vias. TSVs may be etched, for example, 5 um to 200 um deep
into a semiconductor wafer and may be, for example, 3 um
wide by 50 um long. The conductive portion of TSV can be
formed with metal (e.g., copper, aluminum, etc.) or metal
with a dielectric liner such as silicon dioxide, silicon nitride,
etc. In the former case, the metal may be in direct contact with
silicon or dielectric materials. A TSV is typically partially
etched into a substrate, such as silicon, and, at a subsequent
process step, the bottom of the TSV is exposed by removing
the backside of the substrate by, for example, mechanically
grinding or etching. It has been discovered that when TSVs
are aligned they act like perforations making it easy to break
a wafer into which they are formed. FIG. 1 shows a graph
evidencing the problem. In particular, wafers having aligned,
regularly repeating TSV arrays break at an approximately
66% rate, while those with non-aligned, non-regular TSV
arrays break at an approximately 4% rate. Wafers having a
<100> surface orientation break vertically relative to the
notch, while those with <110> surface orientation break at
angle relative to the notch. In one study, a wafer withno TSVs
had a median breakage force of approximately 392 MPa,
while an identical wafer with aligned TSVs had a median
breakage force of approximately 119 MPa. Embodiments of
the present invention address this newly recognized issue by
identifying linearly aligned TSV in a portion of an integrated
circuit (IC) layout that includes a plurality of TSVs, and
modifying at least the portion of the IC layout to reduce a
number of the linearly aligned TSVs.

[0018] As will be appreciated by one skilled in the art, the
present invention may be embodied as a system, computer-
ized method or computer program product. It cannot be
accomplished using solely mental steps. Accordingly, the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, the present invention may take the
form of a computer program product embodied in any tan-
gible medium of expression having computer-usable pro-
gram code embodied in the medium.

[0019] Any combination of one or more computer usable or
computer readable medium(s) may be utilized. The com-
puter-usable or computer-readable medium may be, for
example but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, appara-
tus or device. More specific examples (a non-exhaustive list)
of the computer-readable medium would include the follow-
ing: an electrical connection having one or more wires, a
portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a transmis-
sion media such as those supporting the Internet or an intra-
net, or a magnetic storage device. Note that the computer-
usable or computer-readable medium could even be paper or
another suitable medium upon which the program is printed,
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as the program can be electronically captured, via, for
instance, optical scanning of the paper or other medium, then
compiled, interpreted, or otherwise processed in a suitable
manner, if necessary, and then stored in a computer memory.
In the context of this document, a computer-usable or com-
puter-readable medium may be any medium that can contain,
store, communicate, propagate, or transport the program for
use by or in connection with the instruction execution system,
apparatus, or device. The computer usable program code may
be transmitted using any appropriate medium, including but
not limited to wireless, wireline, optical fiber cable, RF, etc.
[0020] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.
[0021] Computer program code for carrying out operations
ofthe present invention may be written in any combination of
one or more programming languages, including an object
oriented programming language such as Java, Smalltalk, C++
or the like and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The program code may execute
entirely on the user’s computer, partly on the user’s computer,
as a stand-alone software package, partly on the user’s com-
puter and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN) or
a wide area network (WAN), or the connection may be made
to an external computer (for example, through the Internet
using an Internet Service Provider).

[0022] Aspects of the present invention are described
below with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems) and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These com-
puter program instructions may be provided to a processor of
a special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the instruc-
tions, which execute via the processor of the computer or
other programmable data processing apparatus, create means
for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

[0023] These computer program instructions may also be
stored in a computer-readable medium that can direct a com-
puter or other programmable data processing apparatus to
function in a particular manner, such that the instructions
stored in the computer-readable medium produce an article of
manufacture including instruction means which implement
the function/act specified in the flowchart and/or block dia-
gram block or blocks.

[0024] The computer program instructions may also be
loaded onto a computer or other programmable data process-
ing apparatus to cause a series of operational steps to be
performed on the computer or other programmable apparatus
to produce a computer implemented process such that the
instructions which execute on the computer or other program-
mable apparatus provide processes for implementing the
functions/acts specified in the flowchart and/or block diagram
block or blocks.

[0025] FIG. 2 shows an illustrative environment 100 for
laying out and arranging TSVs in an integrated circuit (IC)
design. As understood, IC layout 90 represents a physical
circuit. To this extent, environment 100 includes a computer
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infrastructure 102 that can perform the various process steps
described herein. In particular, computer infrastructure 102 is
shown including TSV modification system 106, which may
include a computing device 104 that performs the processes
of the disclosure.

[0026] Computing device 104 is shown including a
memory 112, a processor (PU) 114, an input/output (I/O)
interface 116, and a bus 118. Further, computing device 104
is shown in communication with an external /O device/re-
source 120 and a storage system 122. As is known in the art,
in general, processor 114 executes computer program code,
such as TSV modification system 106, that is stored in
memory 112 and/or storage system 122. While executing
computer program code, processor 114 can read and/or write
data, such as IC layout 90, to/from memory 112, storage
system 122, and/or I/O interface 116. Bus 118 provides a
communications link between each of the components in
computing device 104. I/O device 118 can comprise any
device that enables a user to interact with computing device
104 or any device that enables computing device 104 to
communicate with one or more other computing devices.
Input/output devices (including but not limited to keyboards,
displays, pointing devices, etc.) can be coupled to the system
either directly or through intervening I/O controllers.

[0027] In any event, computing device 104 can comprise
any general or specific purpose computing article of manu-
facture capable of executing computer program code installed
by a user (e.g., a personal computer, server, handheld device,
etc.). However, it is understood that computing device 104
and TSV modification system 106 are only representative of
various possible equivalent computing devices that may per-
form the various process steps of the disclosure. To this
extent, in other embodiments, computing device 104 can
comprise any specific purpose computing article of manufac-
ture comprising hardware and/or computer program code for
performing specific functions, any computing article of
manufacture that comprises a combination of specific pur-
pose and general purpose hardware/software, or the like. In
each case, the program code and hardware can be created
using standard programming and engineering techniques,
respectively.

[0028] Similarly, computer infrastructure 102 is only illus-
trative of various types of computer infrastructures for imple-
menting the disclosure. For example, in one embodiment,
computer infrastructure 102 comprises two or more comput-
ing devices (e.g., a server cluster) that communicate over any
type of wired and/or wireless communications link, such as a
network, a shared memory, or the like, to perform the various
process steps of the disclosure. When the communications
link comprises a network, the network can comprise any
combination of one or more types of networks (e.g., the
Internet, a wide area network, a local area network, a virtual
private network, etc.). Network adapters may also be coupled
to the system to enable the data processing system to become
coupled to other data processing systems or remote printers or
storage devices through intervening private or public net-
works. Modems, cable modem and Ethernet cards are just a
few of the currently available types of network adapters.
Regardless, communications between the computing devices
may utilize any combination of various types of transmission
techniques.

[0029] TSV modification system 106 is shown including an
identifier 140 including an evaluation rectangle definer 142,
an evaluation rectangle expander 144, a direction determina-
tor 146 and a spacing calculator 148; and a modifier 150
including a grid aligner 152. Operation of each of these sys-
tems is discussed further below. However, it is understood
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that some of the various systems shown in FIG. 2 can be
implemented independently, combined, and/or stored in
memory for one or more separate computing devices that are
included in computer infrastructure 102. Further, it is under-
stood that some of the systems and/or functionality may not
be implemented, or additional systems and/or functionality
may be included as part of environment 100.

[0030] Referring to the flow diagram of FIG. 3 in conjunc-
tion with the block diagram of FIG. 2 and the schematic
diagrams of FIGS. 4-7, operational methodologies of TSV
modification system 106 will now be described. In process
P1, identifier 140 identifies linearly aligned through silicon
vias (TSVs) in a portion of IC layout 90 (FIG. 2) that includes
aplurality of TSV, and in process P2, modifier 150 modifies
at least the portion of IC layout 90 to reduce a number of the
linearly aligned TSVs. The particulars of each process may
vary depending on the arrangement of TSVs present.

[0031] FIGS. 4-7 show top views of one TSV layout
embodiment in which IC layout 90 (FIG. 2) includes an array
160 having a substantially uniform periodicity of TSV sets
162 in both the X and Y directions. FIG. 4 shows an illustra-
tive portion of IC layout 90 including array 160 having nine
TSV sets 162. Each TSV set 162 includes all of two or more
TSVs therein arranged in a given direction, e.g., vertically as
shown in FIG. 4. In this example, all of the TSVs in TSV sets
162 in IC layout 90 initially extend in a single, given direc-
tion, i.e., an x-direction or a y-direction. In this case, in
process P1A1, evaluation rectangle definer 142 defines a TSV
set evaluation rectangle 166 about each TSV set 162. Each
TSV set evaluation rectangle 166 is defined to include a least
enclosing rectangle (i.e., shrunken around TSV set) having a
set X dimension and a set’Y dimension, where X andY are not
equal. Each TSV set evaluation rectangle 166 also defines a
pair of X edges x1, x2 and a pair of Y edges y1, y2. In process
P1A2, spacing calculator 148 calculates a Y spacing Sy
between adjacent TSV evaluation rectangles 166 and an X
spacing Sx between adjacent TSV evaluation rectangles 166.

[0032] As shown in FIG. 5, in process P1A3, evaluation
rectangle expander 144 expands each TSV evaluation rect-
angle 166 edge x1,x2,y1,y2inatleast oneY direction by half
the predetermined Y spacing Sy (i.e., Sy/2) between adjacent
TSV evaluation rectangles 162 and in at least one X direction
by half the predetermined X spacing Sx between adjacent
TSV evaluation rectangles (i.e., Sx/2). Evaluation rectangle
expander 144 performs this function for each edge x1,x2, y1,
y2 except for those ata chip edge, i.e., an edge of IC layout 90.
FIG. 5 shows expansion of evaluation rectangles 162 (shown
by arrows) of FIG. 4.

[0033] In process P2, as observed in FIGS. 5 and 6, modi-
fier 150, in response to aY edge of a selected, expanded TSV
evaluation rectangle (e.g., y1 of 166A) contacting aY edge of
an adjacent, expanded TSV evaluation rectangle (e.g., y2 of
166B) rotates the TSV set 162 within the selected TSV evalu-
ation rectangle 166 A to be non-aligned to the given direction.
Similarly, modifier 150, in response to an X edge of the
selected, expanded TSV evaluation rectangle (e.g., x1 of
166C) contacting an X edge of an adjacent, expanded TSV
evaluation rectangle (e.g., x2 0f166D) rotates TSV set 162, to
be non-aligned to the given direction. If space remains
between the edges, or edges are overlapping, no rotation is
performed. In the examples shown, the given direction is
vertical on the page and TSV set 162 of evaluation rectangle
166A is rotated so as to be substantially perpendicular to the
given direction, i.e., horizontal as shown. However, other
angles may also be possible. FIG. 6 shows the results of the
above-described process after application to each evaluation
rectangle 166. In this case, the process results in a checker-
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board layout of TSV sets 162. That is, the resulting integrated
circuit includes a plurality of sets 162 of TSVs with each set
including a plurality of TSVs aligned in a selected one of an
x-direction and a y-direction, but a direction of layout of the
plurality of sets 162 alternate in the x-direction and the y-di-
rection. This may not occur in all cases.

[0034] FIG. 7 shows the results of repeating the identifying
and the modifying on array 160, i.e., at a point at which
evaluation rectangles 166 no longer contact, but overlap or
have space remaining between one another.

[0035] In process P2, modifier 150 may also ensure each
individual TSV within a TSV set 162 is on a predetermined
grid for IC layout 90 regardless of position, e.g., on 150-185
um in X andY direction. That is, modifier 150 may ensure that
TSVs still follow other spacing ground rules for IC layout 90.
[0036] FIGS. 8-10 illustrate another situation in which a
plurality of TSVs 170 have different orientations, e.g., ran-
dom or semi-random. In this case, in process P1B1, direction
determinator 146 determines a layout direction of each of the
plurality of TSVs 170. This process may be carried out in any
now known or later developed fashion, e.g., analytics, manual
tagging of direction, etc. In process P1B2, as shown in FIG. 9,
for each TSV 170, evaluation rectangle definer 142 defines a
selected TSV evaluation rectangle 172 with a side thereof
centered through the short edge of a selected TSV 17051 and
extending in a given direction (here vertically) to an edge of
IClayout 90 (FIG. 2). A rectangle width W (FIG. 9 only) may
be set to a constant dimension, e.g., 1 um, 11 um, etc., which
may be based on a grid size of IC layout 90 or other factors, so
as to evaluate a desired portion of IC layout 90 (FIG. 2). As
shown in FIG. 9, identifier 140 identifies each TSV 170R that
is linearly aligned with selected TSV 170S1 using the
selected TSV evaluation rectangle 172. While only one TSV
170R is shown in violation of ground rules, it is understood
that any number of TSVs may be identified, including zero.
[0037] In process P2, as shown in FIG. 10, modifier 150
modifies the IC layout by rotating each TSV 170R that is
linearly aligned with the selected TSV 17081 within selected
TSV evaluation rectangle 172 to be non-aligned to the given
direction. The above processes P1B1, P1B2 and P2 are
repeated for each TSV 170, and, as shown in FIG. 10, may be
repeated for another direction, e.g., horizontal. For example,
FIG. 10 also shows another selected TSV 170S2 having an
evaluation window 172. In this case, evaluation window 172
does not encompass any linearly aligned TSV with selected
TSV 17082, and thus does not create any modifications.
[0038] The processes of P1A1-P1A2 and P1B1-P1B2 and
corresponding modifications per process P2 may be carried
out exclusively, or may be used together. For example, por-
tions of IC layout 90 including TSV sets 162 may employ
processes P1A1-P1A2, while other portions that are more
random, may employ processes P1B1-P1B2.

[0039] The above-described system and methodology
reduces or eliminates wafer breakage by arranging and design
rule checking TSVs to avoid alignment, i.e., parallel edges
from lining up, and creating high stress points, which cause
watfer breakage during IC processing.

[0040] The flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of pos-
sible implementations of systems, methods and computer
program products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in some alternative imple-
mentations, the functions noted in the block may occur out of
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the order noted in the figures. For example, two blocks shown
in succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved. It will also
be noted that each block of the block diagrams and/or flow-
chart illustration, and combinations of blocks in the block
diagrams and/or flowchart illustration, can be implemented
by special purpose hardware-based systems that perform the
specified functions or acts, or combinations of special pur-
pose hardware and computer instructions.

[0041] As discussed herein, various systems and compo-
nents are described as “obtaining” data (e.g., IC layout 90,
etc.). It is understood that the corresponding data can be
obtained using any solution. For example, the corresponding
system/component can generate and/or be used to generate
the data, retrieve the data from one or more data stores (e.g.,
a database), receive the data from another system/component,
and/or the like. When the data is not generated by the particu-
lar system/component, it is understood that another system/
component can be implemented apart from the system/com-
ponent shown, which generates the data and provides it to the
system/component and/or stores the data for access by the
system/component.

[0042] The method as described above is used in the design
of integrated circuit chips. The resulting integrated circuit
chips can be distributed 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 affixed 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 inte-
grated with other chips, discrete circuit elements, and/or other
signal processing devices as part of either (a) an intermediate
product, such as a motherboard, or (b) an end product. The
end product can be any product that includes integrated cir-
cuit 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.

[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the disclosure. 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 specification, 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.

[0044] 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 specifically claimed. The description of
the present disclosure has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the disclosure in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the disclosure. The embodiment was chosen and
described in order to best explain the principles of the disclo-
sure and the practical application, and to enable others of
ordinary skill in the art to understand the disclosure for vari-
ous embodiments with various modifications as are suited to
the particular use contemplated.
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What is claimed is:

1. A method comprising:

identifying linearly aligned through silicon vias (TSVs) in

aportion of an integrated circuit (IC) layout that includes
a plurality of TSVs; and

modifying at least the portion of the IC layout to reduce a

number of the linearly aligned TSVs.

2. The method of claim 1, wherein the portion includes an
array of substantially uniform periodicity of through silicon
via (TSV) sets, each of the TSV sets being arranged in a given
direction, and the identifying includes:

defining a TSV set evaluation rectangle about each TSV

set, each TSV set evaluation rectangle having a pair of X
edges and a pair of Y edges,

calculating a Y spacing between adjacent TSV evaluation

rectangles and an X spacing between adjacent TSV
evaluation rectangles, and
expanding each TSV evaluation rectangle edge, excepting
at a chip edge, in at least one Y direction by half the Y
spacing between adjacent TSV evaluation rectangles
and in at least one X direction by half the X spacing
between adjacent TSV evaluation rectangles; and
the modifying includes:
inresponse to aY edge of a selected, expanded TSV evalu-
ation rectangle contacting a Y edge of an adjacent,
expanded TSV evaluation rectangle or an X edge of the
selected, expanded TSV evaluation rectangle contacting
an X edge of an adjacent, expanded TSV evaluation
rectangle, rotating the TSV set within the selected TSV
evaluation rectangle to be non-aligned to the given direc-
tion.
3. The method of claim 2, further comprising repeating the
identifying and the modifying on the array.
4. The method of claim 2, wherein the modifying further
includes ensuring each individual TSV within a TSV set is on
a predetermined grid for the IC layout regardless of position.
5. The method of claim 2, wherein all of the TSV in each
of the TSV sets in the IC layout initially extend in a single
direction.
6. The method of claim 1, wherein the plurality of TSVs in
the IC layout initially extend in a single direction.
7. The method of claim 1, wherein the portion includes a
plurality of TSVs having different orientations, each TSV
having a long edge and a short edge, and the identifying
includes:
determining a layout direction of each of the plurality of
TSVs, and

foreach TSV, defining a selected TSV evaluation rectangle
with a side thereof centered through the short edge of a
selected TSV and extending in a given direction to an
edge of the IC layout with a rectangle width set to a
constant dimension and identifying each TSV that is
linearly aligned with the selected TSV using the selected
TSV evaluation rectangle; and

the modifying includes rotating each TSV that is linearly
aligned with the selected TSV within the selected TSV
evaluation rectangle to be non-aligned to the given direc-
tion.

8. The method of claim 5, further comprising determining
the constant dimension based on a grid size of the IC layout.

9. A system comprising:

an identifier for identifying linearly aligned through silicon

vias (TSVs) in a portion of an integrated circuit (IC)
layout that includes a plurality of TSVs; and
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a modifier for modifying at least the portion of the IC

layout to reduce a number of the linearly aligned TSVs.

10. The system of claim 9, wherein the portion includes an
array of substantially uniform periodicity of through silicon
via (TSV) sets, each of the TSV sets being arranged in a given
direction, and the identifier:

defines a TSV set evaluation rectangle about each TSV set,

each TSV set evaluation rectangle having a pair of X
edges and a pair of Y edges,

calculates a Y spacing between adjacent TSV evaluation

rectangles and an X spacing between adjacent TSV
evaluation rectangles, and
expands each TSV evaluation rectangle edge, excepting at
a chip edge, in at least one Y direction by half the Y
spacing between adjacent TSV evaluation rectangles
and in at least one X direction by half the X spacing
between adjacent TSV evaluation rectangles; and
the modifier:
inresponse to aY edge of a selected, expanded TSV evalu-
ation rectangle contacting a Y edge of an adjacent,
expanded TSV evaluation rectangle or an X edge of the
selected, expanded TSV evaluation rectangle contacting
an X edge of an adjacent, expanded TSV evaluation
rectangle, rotates the TSV set within the selected TSV
evaluation rectangle to be non-aligned to the given direc-
tion.
11. The system of claim 10, wherein the identifier and the
modifier repeat the identifying and the modifying on the
array.
12. The system of claim 10, wherein the modifier further
ensures each individual TSV within a TSV set is on a prede-
termined grid for the IC layout regardless of position.
13. The system of claim 10, wherein all of the TSVs in the
TSV sets in the IC layout initially extend in a single direction.
14. The system of claim 9, wherein the plurality of TSVs in
the IC layout initially extend in a single direction.
15. The system of claim 9, wherein the portion includes a
plurality of TSVs having different orientations, each TSV
having a long edge and a short edge, and the identifier:
determines a layout direction of each of the plurality of
TSVs, and

for each TSV, defines a selected TSV evaluation rectangle
with a side thereof centered through the short edge of a
selected TSV and extending in a given direction to an
edge of the IC layout with a rectangle width set to a
constant dimension and identifies each TSV that is lin-
early aligned with the selected TSV using the selected
TSV evaluation rectangle; and

the modifier rotates each TSV that is linearly aligned with
the selected TSV within the selected TSV evaluation
rectangle to be non-aligned to the given direction.

16. The system of claim 15, wherein the constant dimen-
sion is based on a grid size of the IC layout.

17. A program product stored on a computer-readable
medium, which when executed, arranges through silicon vias,
the program product comprising:
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program code for identifying linearly aligned through sili-
con vias (TSVs) in a portion of an integrated circuit (IC)
layout that includes a plurality of TSVs; and

program code for modifying at least the portion of the IC
layout to reduce a number of the linearly aligned TSVs.

18. The program product of claim 17, wherein the portion

includes an array of substantially uniform periodicity of
through silicon via (TSV) sets, each of the TSV sets being
arranged in a given direction, and the identifying program
code includes program code for:

defining a TSV set evaluation rectangle about each TSV
set, each TSV set evaluation rectangle having a pair of X
edges and a pair of Y edges,

calculating a Y spacing between adjacent TSV evaluation
rectangles and an X spacing between adjacent TSV
evaluation rectangles, and

expanding each TSV evaluation rectangle edge, excepting
at a chip edge, in at least one Y direction by half the Y
spacing between adjacent TSV evaluation rectangles
and in at least one X direction by half the X spacing
between adjacent TSV evaluation rectangles; and

the modifying program code includes program code for:

inresponse to aY edge of a selected, expanded TSV evalu-
ation rectangle contacting a Y edge of an adjacent,
expanded TSV evaluation rectangle or an X edge of the
selected, expanded TSV evaluation rectangle contacting
an X edge of an adjacent, expanded TSV evaluation
rectangle, rotating the TSV set within the selected TSV
evaluation rectangle to be non-aligned to the given direc-
tion.

19. The program product of claim 18, wherein the modi-

fying program code further ensures each individual TSV
within a TSV set is on a predetermined grid for the IC layout
regardless of position.

20. The program product of claim 17, wherein the portion

includes a plurality of TSVs having different orientations,
each TSV having a long edge and a short edge, and the
identifying program code includes program code for:

determining a layout direction of each of the plurality of
TSVs, and

for each TSV, defining a selected TSV evaluation rectangle
with a side thereof centered through the short edge of a
selected TSV and extending in a given direction to an
edge of the IC layout with a rectangle width set to a
constant dimension and identifying each TSV that is
linearly aligned with the selected TSV using the selected
TSV evaluation rectangle; and

the modifying program code rotates each TSV that is lin-
early aligned with the selected TSV within the selected
TSV evaluation rectangle to be non-aligned to the given
direction.

21. An integrated circuit comprising:

a plurality of sets of through silicon vias (TSVs), each set
including a plurality of TSVs aligned in a selected one of
an x-direction and a y-direction, wherein a direction of a
layout of the plurality of sets alternate in the x-direction
and the y-direction.
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