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DETERMINING THE RESISTANCE OF A
CONDUCTING STRUCTURE

BACKGROUND

Technical Field

[0001] This disclosure relates to integrated circuits (ICs).
More specifically, this disclosure relates to determining the
resistance of a conducting structure.

Related Art

[0002] Advances in process technology and an almost
insatiable appetite for consumer electronics have fueled a
rapid increase in the size and complexity of IC designs.
Accurate estimation of parasitic resistances has become very
important for accurately performing subsequent timing or
signal integrity analyses. Since miniaturization is expected
to continue relentlessly, accurate estimation of parasitic
resistances is expected to become even more critical in the
future.

[0003] A number of techniques can be used to determine
the resistance of a conducting structure. These techniques
include, but are not limited to, Finite Element Method
(FEM), Boundary Element Method (BEM), and Fast Mul-
tipole Method (FMM). All of these techniques create a
matrix equation (which represents a system of linear equa-
tions), and determine the resistance by solving the matrix
equation. A significant amount of computational time and
computational resources are spent on constructing and solv-
ing the matrix equation.

[0004] FEM techniques discretize the entire area of the
conducting structure (or discretize the entire volume if the
conducting structure is a 3-D structure). In contrast, BEM
techniques discretize only the boundaries of the conducting
structure. Therefore, BEM techniques typically result in a
smaller matrix than FEM techniques. In BEM, an integral
equation is formulated based on the linear partial differential
equations that describe the physical phenomenon of interest,
and BEM attempts to find a solution based on the constraint
that a given set of boundary conditions must be satisfied.
BEM techniques are well known in the art. For example,
details of BEM can be found in numerous references, such
as Becker, A. A. The Boundary Element Method in Engi-
neering: A Complete Course. London: McGraw-Hill, 1992,
which is herein incorporated by reference to provide details
of BEM.

[0005] FIGS. 1A-1C illustrate how BEM can be used to
determine resistance of a conducting structure. Boundary
102 of a conducting structure can be discretized to obtain a
set of boundary elements 104, which are shown in FIG. 1A
using dashed lines. As shown in FIG. 1B, a value (e.g.,
current density, voltage, etc.) associated with a given bound-
ary element, e.g., boundary element 106, can be computed
at the mid-point 108 of the boundary element 106. In a
typical BEM approach, two values—(1) a potential, and (2)
a partial derivative of the potential along a normal direction
to the boundary element—are associated with each bound-
ary element. At each boundary element, one of the two
values is known, and the other value is unknown. The values
associated with each boundary element are linearly related
to other values associated with other boundary elements, and
this linear relationship can be represented using a matrix
equation.
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[0006] In FIG. 1C, matrix equation 110 includes coeffi-
cient matrix 112, unknown vector 114, and constant vector
116. If the number of boundary elements is N, then there are
a total of 2N values in the BEM problem (because there are
two values associated with each boundary element). Of
these 2N values, N are known and the other N are unknown.
The values in constant vector 116 are constants which are
calculated based on the boundary conditions at the boundary
elements. Unknown vector 114 contains the variables whose
values are to be determined. Once matrix equation 110 has
been created, it can be solved to determine unknown vector
114, thereby determining the N unknown values.

[0007] When BEM is used to determine the resistance, the
two values associated with each boundary element can be
(1) the electric potential (i.e., voltage), and (2) the partial
derivative of the electric potential along the normal direction
to the boundary element. Note that the partial derivative of
the electrical potential is proportional to the current density,
so the two values associated with each boundary element
can be (1) the voltage at the mid-point of the boundary
element, and (2) the current density at the mid-point of the
boundary element.

[0008] The constant vector 116 can include values that are
computed based on known voltages and known current
densities at the boundary elements. The coefficients in
coeflicient matrix 112 are based on the relationships between
the voltages and current densities of the boundary elements,
and can be computed based on the physical properties (e.g.,
resistivity, shape, dimensions, etc.) of the conducting struc-
ture. Once matrix equation 110 has been constructed, it can
be solved to determine the unknown vector 114, thereby
obtaining voltages and current densities at all boundary
elements. These voltage and current density values can then
be used to determine the resistance of the conducting
structure.

[0009] FMM techniques can be used to improve the com-
putational efficiency for generating coefficient matrix 112
(see e.g., Lin, Y. j., and N. Nishimura. “The Fast Multipole
Boundary Element Method for Potential Problems: A Tuto-
rial.” Engineering Analysis with Boundary Elements 30.5
(2006): 371-81). However, the size of the matrix can still be
very large and it can take an unacceptably large amount of
computational time and resources to construct the matrix
and to determine the resistance by using existing BEM or
FMM techniques. Hence, what are needed are apparatuses
and techniques for accurately and efficiently determining the
resistance of a conducting structure.

SUMMARY

[0010] Some embodiments described herein provide tech-
niques and systems for determining the resistance of a
conducting structure in an IC layout. Some embodiments
can partition the conducting structure into a set of polygons
based on (1) equipotential lines and (2) boundaries of the
conducting structure. Next, the embodiments can construct
a matrix equation, wherein for at least one polygon in the set
of polygons, electric potentials of at least some boundary
elements on the boundaries of the polygon are represented
by linear combinations of electric potentials of two or more
equipotential lines. The embodiments can then determine
the resistance of the conducting structure by solving the
matrix equation.

[0011] Some embodiments can determine the equipoten-
tial lines in the conducting structure by using a pattern



US 2017/0351803 Al

matching technique. Specifically, in some embodiments, the
pattern matching technique can scan the conducting struc-
ture in a given direction and detect a presence of an
equipotential line if a parallel run length of two adjacent
boundaries in the conducting structure is greater than a
distance between the two adjacent boundaries in the con-
ducting structure.

[0012] Some embodiments can discretize the boundaries
of the conducting structure to obtain a set of boundary
elements. Next, the embodiments can store, in a data struc-
ture, an association between (1) each polygon in the set of
polygons and (2) boundary elements in the set of boundary
elements that are located on boundaries of the polygon. This
association can then be used for constructing the matrix
equation.

[0013] Some embodiments can use the determined resis-
tance of the conducting structure to determine whether or
not an IC chip manufactured based on the IC layout is
expected to perform as desired.

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIGS. 1A-1C illustrate how BEM can be used to
determine resistance of a conducting structure.

[0015] FIG. 2A illustrates a process for determining a
resistance of a conducting structure in accordance with some
embodiments described herein.

[0016] FIG. 2B illustrates a conducting structure in an IC
layout in accordance with some embodiments described
herein.

[0017] FIG. 2C illustrates a set of polygons that were
determined based on a set of equipotential lines and the
boundaries of the conducting structure in accordance with
some embodiments described herein.

[0018] FIG. 2D illustrates how the boundaries of a con-
ducting structure can be discretized in accordance with some
embodiments described herein.

[0019] FIG. 2E illustrates how a substantially smaller
matrix equation can be constructed in accordance with some
embodiments described herein.

[0020] FIG. 3 illustrates an IC design system in accor-
dance with some embodiments described herein.

DETAILED DESCRIPTION

[0021] The following description is presented to enable
any person skilled in the art to make and use the invention,
and is provided in the context of a particular application and
its requirements. Various modifications to the disclosed
embodiments will be readily apparent to those skilled in the
art, and the general principles defined herein may be applied
to other embodiments and applications without departing
from the spirit and scope of the present invention. Thus, the
present invention is not limited to the embodiments shown,
but is to be accorded the widest scope consistent with the
principles and features disclosed herein.

Overview of IC Design and Manufacturing

[0022] IC design software tools can be used to create an IC
design. Once the IC design is finalized, it can undergo
fabrication, packaging, and assembly to produce IC chips.
The overall IC design and manufacturing process can
involve multiple actors, e.g., one company may create the
software for designing ICs, another company may use the
software to create the IC design, and yet another company
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may manufacture IC chips based on the IC design. An IC
design flow can include multiple steps, and each step can
involve using one or more IC design software tools. An
improvement to any one of the steps in the IC design flow
results in an improvement to the overall IC design and
manufacturing process. Specifically, the improved IC design
and manufacturing process can produce IC chips with a
shorter time-to-market (TTL) and/or higher quality of results
(QoR). Some examples of IC design steps and the associated
software tools are described below. These examples are for
illustrative purposes only and are not intended to limit the
embodiments to the forms disclosed.

[0023] Some IC design software tools enable IC designers
to describe the functionality that the IC designers want to
implement. These tools also enable IC designers to perform
what-if planning to refine functionality, check costs, etc.
During logic design and functional verification, the HDL
(hardware description language), e.g., SystemVerilog, code
can be written and the design can be checked for functional
accuracy, e.g., the design can be checked to ensure that it
produces the correct outputs.

[0024] During synthesis and design for test, the HDL code
can be translated to a netlist using one or more IC design
software tools. Further, the netlist can be optimized for the
target technology, and tests can be designed and imple-
mented to check the finished chips. During netlist verifica-
tion, the netlist can be checked for compliance with timing
constraints and for correspondence with the HDL code.
[0025] During design planning, an overall floorplan for the
chip can be constructed and analyzed for timing and top-
level routing. During physical implementation, circuit ele-
ments can be positioned in the layout and can be electrically
coupled. Some embodiments described herein provide soft-
ware tools that can be used during design planning. Spe-
cifically, some embodiments described herein enable trans-
parent editing of physical data in hierarchical integrated IC
design.

[0026] During analysis and extraction, the IC design’s
functionality can be verified at a transistor level and para-
sitics can be extracted. During physical verification, the
design can be checked to ensure correctness for manufac-
turing, electrical issues, lithographic issues, and circuitry.
Some embodiments described herein provide software tools
that can be used for quickly and accurately extracting
parasitic resistances in an IC design. The extracted parasitic
resistances can then be used to perform accurate analysis of
the IC design, and to perform accurate physical verification,
thereby improving the overall IC design and manufacturing
process.

[0027] During resolution enhancement, geometric
manipulations can be performed on the layout to improve
manufacturability of the design. During mask data prepara-
tion, the design can be “taped-out” to produce masks which
are used during fabrication.

Process for Determining the Resistance

[0028] FIG. 2A illustrates a process for determining a
resistance of a conducting structure in accordance with some
embodiments described herein. The process can begin by
partitioning the conducting structure into a set of polygons
based on (1) equipotential lines and (2) boundaries of the
conducting structure (operation 202). Next, the process can
construct a matrix equation, wherein for at least one polygon
in the set of polygons, electric potentials of at least some
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boundary elements on the boundaries of the polygon are
represented by linear combinations of electric potentials of
two or more equipotential lines (operation 204). The process
can then determine the resistance of the conducting structure
by solving the matrix equation (operation 206). In some
embodiments, the matrix equation can be based on a BEM
matrix equation. In other embodiments, the matrix equation
can be based on an FMM matrix equation. In general, the
process illustrated in FIG. 2A can be used with any BEM-
based technique that determines the resistance of a conduct-
ing structure by (1) discretizing the boundary of the con-
ducting structure to obtain a set of boundary elements, and
(2) constructing a matrix equation based on the relationships
between the known and unknown voltages and the known
and unknown current densities at the boundary elements.
[0029] FIG. 2B illustrates a conducting structure in an IC
layout in accordance with some embodiments described
herein. Conducting structure 220 in the IC layout is a
representation of the actual physical conducting structure
that will exist in an IC chip that is manufactured based on the
1C layout. Conducting structure 220 can include conducting
regions (shaded areas in FIG. 2B) that are made up of a
conducting material 222 (e.g., metal), and holes (e.g., hole
224) where the conducting material 222 is absent (instead of
holes, those areas may comprise an insulating material).
[0030] In operation 202, the process can determine equi-
potential lines in conducting structure 220. For example, the
process can determine equipotential lines 226. Specifically,
a scanline technique can be used to scan the conducting
structure in a given direction, and to detect an equipotential
line if a parallel run length of two adjacent boundaries in the
conducting structure is greater than a distance between the
two adjacent boundaries in the conducting structure. For
example, equipotential lines 226 can be determined by
sweeping a scanline from the top to the bottom (or from the
bottom to the top) of conducting structure 220, and by
keeping track of a parallel run length of two adjacent
boundaries in the conducting structure. As soon as the
scanline technique detects that the parallel run length of two
adjacent boundaries in the conducting structure is greater
than the distance between the two adjacent boundaries in the
conducting structure, the technique can place an equipoten-
tial line at that location. In general, equipotential lines can be
determined in the conducting structure by using any pattern
matching technique that can detect a pattern in a conducting
structure that results in one or more equipotential lines. The
equipotential lines together with the boundaries of the
conducting structure can define polygons in the conducting
structure. For example, consider polygon 228: the top and
the bottom sides are equipotential lines, and the right and left
sides are boundaries of the conducting structure.

[0031] FIG. 2C illustrates a set of polygons that were
determined based on a set of equipotential lines and the
boundaries of the conducting structure in accordance with
some embodiments described herein. Specifically, in FIG.
2C, conducting structure 220 has been partitioned into a set
of polygons (shown in FIG. 2C as shaded rectangles, e.g.,
polygons 230) based on (1) equipotential lines and (2)
boundaries of the conducting structure.

[0032] Next, the boundaries of the conducting structure
can be discretized to obtain a set of boundary elements. FIG.
2D illustrates how the boundaries of a conducting structure
can be discretized in accordance with some embodiments
described herein. Specifically, set of boundary elements 240
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can be obtained by discretizing conducting structure 220. In
FIG. 2D, each boundary element is shown as a short thick
line on one of the boundaries of conducting structure 220.
Note that some of the boundary elements will coincide with
the polygon boundaries that were determined in operation
202. For example, boundary elements 242 in FIG. 2D are
along the right and left boundaries of a polygon that was
shown in FIG. 2C. This association between polygons that
were determined in operation 202 and the boundary ele-
ments that were obtained after discretization can be main-
tained in a data structure, and the data structure can be
subsequently used to substantially reduce the size of the
matrix equation when the matrix equation is being con-
structed.

[0033] FIG. 2E illustrates how a substantially smaller
matrix equation can be constructed in accordance with some
embodiments described herein. Let variables x; and x,
correspond to the unknown electric potentials (i.e., voltages)
associated with the equipotential lines that correspond to the
top and bottom edges of polygon 250. Let variables x,
through x, correspond to the unknown electric potentials
(i.e., voltages) associated with the boundary elements that
correspond to the right and left edges of polygon 250.
[0034] Variables x; through x; can be represented as a
linear combination of electric potentials x; and x, based on
the geometry of polygon 250 (for more complex geometries,
a linear combination of electric potentials of three or more
equipotential lines may be required). For example, if the
electric potential is expected to vary linearly from the top
edge of polygon 250 to the bottom edge of polygon 250, the
following linear equations can be created for variables x,
through x:

Xx3=X6=(0.75%x)+(0.25xx5);
Xx4=x7=(0.5xx)+(0.5%x,); and

x5=xg=(0.25%x)+(0.75xx5).

[0035] The above linear equations can be used to replace
variables x; through x, with variables x,; and x,. Note that
the coefficients in the coefficient matrix will need to be
adjusted appropriately when the variables x; through x, are
replaced with variables x; and x,. The above linear equa-
tions allow us to reduce a system of eight equations that has
eight variables (i.e., variables x, through x,) into a system of
two equations that has just two variables (i.e., variables x;
and x,). In this manner, embodiments described herein can
construct a matrix equation that is significantly smaller than
the matrix equation that is constructed by conventional
BEM-based techniques.

[0036] To illustrate this point using another example,
suppose a conventional BEM-based technique generates the
following matrix equation (hereinafter “conventional matrix
equation”):

ajpp arz a1z dia dis a6 A7 \f X1 Y1
apr Gy Gp3 Gpq Ops 6 Qo7 || X2 y2
asy asp 433 dzq d3s aze a3z || X3 3
Q41 G Qa3 Q44 Q45 Q46 Qa7 || X4 | =| V4
asy asy as3 as4 ass dse asy || Xs ¥s
as1 Gy Q63 Qea des dee A7 || X6 Y6
azy G Q73 Qra Q75 Q76 477 J\ X7 y7
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[0037] In the conventional matrix equation, the boundary
elements are numbered 1 through 7, and variables X, (these
are unknown) and y, (these are known) correspond to the two
values (e.g., voltage and current density) associated with
boundary element i. Now, suppose boundary elements 1, 2,
5, 6, and 7 are associated with a polygon, and the x, values
for these boundary elements are related by the following
linear relationship:

kis kos Xs
X

kis ko ( ] =| %6
x

ki7 ky X7

[0038] In the above linear relationship, the k values can be
analytically determined based on the dimensions and geom-
etry of the polygon and the resistivity of the conducting
material. Substituting for x5, X4 and X, in the conventional
matrix equation, we obtain the following smaller matrix
equation (hereinafter “new matrix equation™):

bu b a3 an x bJ1
by bp ap an x| | »
by by az am ||x || s
by bay as3 am N\ x4 Y4

[0039] Note that the “b” values in coeflicient matrix are
determined by linearly combining the “a” values in the
conventional coefficient matrix with the “k” values in the
linear relationship that was determined based on the poly-
gon’s geometry.

[0040] Embodiments described herein do not create the
conventional matrix that is created by conventional BEM-
based techniques. Instead, embodiments described herein
directly determine the new matrix equation that is substan-
tially smaller than the conventional matrix equation, which
substantially reduces the amount of computational resources
and time spent on creating the matrix equation. Specifically,
in operation 204 of FIG. 2A, the process can directly
construct the new matrix equation, wherein for at least one
polygon in the set of polygons, electric potentials of bound-
ary elements on the boundaries of the polygon are repre-
sented by linear combinations of electric potentials of two or
more equipotential lines. Moreover, a substantially smaller
matrix equation is also faster to solve.

[0041] The term “IC design system” generally refers to a
hardware based system that is used in an overall IC design
and manufacturing process. Specifically, an IC design sys-
tem facilitates the design of ICs, so that the ICs can be
subsequently manufactured at a semiconductor fabrication
facility. FIG. 3 illustrates an IC design system in accordance
with some embodiments described herein. IC design system
302 can include processor 304, memory 306, and storage
device 308. Specifically, memory locations in memory 306
can be addressable by processor 304, thereby enabling
processor 304 to access (e.g., via load/store instructions) and
manipulate (e.g., via logical/floating point/arithmetic
instructions) the data stored in memory 306. IC design
system 302 can be coupled to display device 314, keyboard
310, and pointing device 312. Storage device 308 can store
operating system 316, IC design tool 318, and data 320. Data
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320 can include input required by IC design tool 318 and/or
output generated by IC design tool 318.

[0042] IC design system 302 may automatically (or with
user help) perform one or more operations that are implicitly
or explicitly described in this disclosure. Specifically, IC
design system 302 can load IC design tool 318 into memory
306, and IC design tool 318 can then be used to determine
the resistance of a conducting structure. Next, IC design tool
318 (or another tool that is stored in storage 308) can
determine whether or not an IC chip manufactured based on
the IC layout will perform as desired based on the deter-
mined resistance of the conducting structure. If the IC chip
is expected to perform as desired, the overall IC design and
manufacturing process can proceed to the next step. Other-
wise, the overall IC design and manufacturing process can
return to a previous step in which the IC design can be
modified (e.g., the modification can change the resistance of
the conducting structure).

[0043] The above description is presented to enable any
person skilled in the art to make and use the embodiments.
Various modifications to the disclosed embodiments will be
readily apparent to those skilled in the art, and the general
principles defined herein are applicable to other embodi-
ments and applications without departing from the spirit and
scope of the present disclosure. Thus, the present invention
is not limited to the embodiments shown, but is to be
accorded the widest scope consistent with the principles and
features disclosed herein.

[0044] The data structures and code described in this
disclosure can be partially or fully stored on a computer-
readable storage medium and/or a hardware module and/or
hardware apparatus. A computer-readable storage medium
includes, but is not limited to, volatile memory, non-volatile
memory, magnetic and optical storage devices such as disk
drives, magnetic tape, CDs (compact discs), DVDs (digital
versatile discs or digital video discs), or other media, now
known or later developed, that are capable of storing code
and/or data. Hardware modules or apparatuses described in
this disclosure include, but are not limited to, application-
specific integrated circuits (ASICs), field-programmable
gate arrays (FPGAs), dedicated or shared processors, and/or
other hardware modules or apparatuses now known or later
developed.

[0045] The methods and processes described in this dis-
closure can be partially or fully embodied as code and/or
data stored in a computer-readable storage medium or
device, so that when a computer system reads and executes
the code and/or data, the computer system performs the
associated methods and processes. The methods and pro-
cesses can also be partially or fully embodied in hardware
modules or apparatuses, so that when the hardware modules
or apparatuses are activated, they perform the associated
methods and processes. Note that the methods and processes
can be embodied using a combination of code, data, and
hardware modules or apparatuses.

[0046] The foregoing descriptions of embodiments of the
present invention have been presented only for purposes of
illustration and description. They are not intended to be
exhaustive or to limit the present invention to the forms
disclosed. Accordingly, many modifications and variations
will be apparent to practitioners skilled in the art. Addition-
ally, the above disclosure is not intended to limit the present
invention. The scope of the present invention is defined by
the appended claims.
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What is claimed is:

1. A non-transitory computer-readable storage medium
storing instructions that, when executed by a computer,
cause the computer to perform a method for determining a
resistance of a conducting structure in an integrated circuit
(IC) layout, the method comprising:

partitioning the conducting structure into a set of poly-

gons based on (1) equipotential lines and (2) boundar-
ies of the conducting structure;

constructing a matrix equation, wherein for at least one

polygon in the set of polygons, electric potentials of at
least some boundary elements on the boundaries of the
polygon are represented by linear combinations of
electric potentials of two or more equipotential lines;
and

determining the resistance of the conducting structure by

solving the matrix equation.

2. The non-transitory computer-readable storage medium
of claim 1, wherein the method further comprises determin-
ing the equipotential lines in the conducting structure by
using a pattern matching technique.

3. The non-transitory computer-readable storage medium
of claim 2, wherein the pattern matching technique scans the
conducting structure in a given direction and detects a
presence of an equipotential line if a parallel run length of
two adjacent boundaries in the conducting structure is
greater than a distance between the two adjacent boundaries
in the conducting structure.

4. The non-transitory computer-readable storage medium
of claim 1, wherein the method further comprises discretiz-
ing the boundaries of the conducting structure to obtain a set
of boundary elements.

5. The non-transitory computer-readable storage medium
of claim 4, wherein the method further comprises storing, in
a data structure, an association between each polygon in the
set of polygons and boundary elements in the set of bound-
ary elements that are located on boundaries of the polygon.

6. The non-transitory computer-readable storage medium
of claim 1, wherein the method further comprises using the
determined resistance of the conducting structure to deter-
mine whether or not an IC chip manufactured based on the
IC layout is expected to perform as desired.

7. An integrated circuit (IC) design system, comprising:

a processor; and

a non-transitory computer-readable storage medium stor-

ing instructions that, when executed by the processor,

cause the IC design system to perform a method for

determining a resistance of a conducting structure in an

IC layout, the method comprising:

partitioning the conducting structure into a set of poly-
gons based on (1) equipotential lines and (2) bound-
aries of the conducting structure;

constructing a matrix equation, wherein for at least one
polygon in the set of polygons, electric potentials of
at least some boundary elements on the boundaries
of the polygon are represented by linear combina-
tions of electric potentials of two or more equipo-
tential lines; and
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determining the resistance of the conducting structure
by solving the BEM matrix equation.

8. The IC design system of claim 1, wherein the method
further comprises determining the equipotential lines in the
conducting structure by using a pattern matching technique.

9. The IC design system of claim 8, wherein the pattern
matching technique scans the conducting structure in a given
direction and detects a presence of an equipotential line if a
parallel run length of two adjacent boundaries in the con-
ducting structure is greater than a distance between the two
adjacent boundaries in the conducting structure.

10. The IC design system of claim 10, wherein the method
further comprises discretizing the boundaries of the con-
ducting structure to obtain a set of boundary elements.

11. The IC design system of claim 10, wherein the method
further comprises storing, in a data structure, an association
between each polygon in the set of polygons and boundary
elements in the set of boundary elements that are located on
boundaries of the polygon.

12. The IC design system of claim 10, wherein the method
further comprises using the determined resistance of the
conducting structure to determine whether or not an IC chip
manufactured based on the IC layout is expected to perform
as desired.

13. A method for determining a resistance of a conducting
structure in an integrated circuit (IC) layout, the method
comprising:

partitioning the conducting structure into a set of poly-

gons based on (1) equipotential lines and (2) boundar-
ies of the conducting structure;

constructing a matrix equation, wherein for at least one

polygon in the set of polygons, electric potentials of at
least some boundary elements on the boundaries of the
polygon are represented by linear combinations of
electric potentials of two or more equipotential lines;
and

determining the resistance of the conducting structure by

solving the BEM matrix equation.

14. The method of claim 13, further comprising deter-
mining the equipotential lines in the conducting structure by
using a pattern matching technique.

15. The method of claim 14, wherein the pattern matching
technique scans the conducting structure in a given direction
and detects a presence of an equipotential line if a parallel
run length of two adjacent boundaries in the conducting
structure is greater than a distance between the two adjacent
boundaries in the conducting structure.

16. The method of claim 13, further comprising discretiz-
ing the boundaries of the conducting structure to obtain a set
of boundary elements.

17. The method of claim 16, further comprising storing, in
a data structure, an association between each polygon in the
set of polygons and boundary elements in the set of bound-
ary elements that are located on boundaries of the polygon.

18. The method of claim 13, further comprising using the
determined resistance of the conducting structure to deter-
mine whether or not an IC chip manufactured based on the
IC layout is expected to perform as desired.
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