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Abstract. We address the problem of computing critical area for opens
in a circuit layout in the presence of multilayer loops and redundant interconnects. The extraction of critical area is a fundamental problem in
VLSI yield prediction. We ﬁrst model the problem as a graph problem
and we solve it eﬃciently by exploiting its geometric nature. We introduce the opens Voronoi diagram of polygonal objects, a generalization of
Voronoi diagrams based on concepts of higher order Voronoi diagrams of
segments. Higher order Voronoi diagrams of segments had not received
much attention in the literature. The approach expands the Voronoi
critical area computation paradigm [1,2,3] with the ability to accurately
compute critical area for missing material defects even in the presence
of loops and redundant interconnects spanning over multiple layers.

1

Introduction

Catastrophic yield loss of integrated circuits is caused to a large extent by
random particle defects interfering with the manufacturing process resulting in
functional failures such as open or short circuits. All yield models for random
manufacturing defects focus on critical area, a measure reﬂecting the sensitivity of the design to random defects during manufacturing (e.g. [4,5,6]). Reliable
critical area extraction is essential for today’s IC manufacturing especially when
DFM, i.e., design for manufacturability, initiatives are under consideration.
The critical area of a circuit layout on a layer A is deﬁned as
 ∞
A(r)D(r)dr
Ac =
0

where A(r) denotes the area in which the center of a defect of radius r must fall
in order to cause a circuit failure and D(r) is the density function of the defect
size. D(r) has been estimated as D(r) = r02 /r3 , where r0 is some minimum
optically resolvable size. Critical area analysis is typically performed on a per
layer basis and results are combined to estimate total yield.
In this paper we focus on critical area extraction for open faults resulting from
broken interconnects generalizing upon the results of [2]. Opens are net-aware,
that is, a defect is considered a fault only if it actually breaks a net. A net is
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said to be broken if there exist terminal points that get disconnected. In order
to increase design reliability and reduce the potential for open circuits designers
are increasingly introducing redundant interconnects creating interconnect loops
that may span over a number of layers (see e.g. [7]). Redundant interconnects
reduce the potential for open faults at the expense of increasing the potential for
shorts. The ability to perform trade-oﬀs is important requiring accurate critical
area computation for both.
In this paper we ﬁrst model the problem as a graph problem and we solve
it eﬃciently by exploiting the geometric nature of it. We formulate the opens
Voronoi diagram, a generalization of Voronoi diagrams based on concepts of
higher order Voronoi diagrams of segments. To the best of our knowledge higher
order Voronoi diagrams of segments have not received much attention in the literature with the recent exception of [8] for the farthest segment Voronoi diagram.
Once the opens Voronoi diagram is available the entire critical area integral for
opens can be computed analytically in linear time similarly to [1,9,2].
For computational simplicity we have adapted the L∞ metric throughout this
paper [9]. This is consistent with the common practice of modeling defects as
squares to facilitate critical area computation. For simplicity ﬁgures are depicted
in Manhattan geometry, however, the method is general and it is applicable to
layouts of arbitrary geometry as well as other metrics of potential interest such as
the Euclidean or the k-gon metric. The algorithms presented in this paper have
been integrated into the IBM Voronoi Critical Area Analysis tool (Voronoi CAA)
which is used extensively by IBM manufacturing for the prediction of yield. For
results on the industrial use of our tool and comparisons with previously available
tools see [10].

2

Review of L∞ Voronoi Diagrams for Opens

The Voronoi diagram of a set of polygonal sites in the plane is a partitioning of
the plane into regions, one for each site, called Voronoi regions, such that the
Voronoi region of a site s is the locus of points closer to s than to any other
site. The Voronoi region of s is denoted as reg(s) and s is called the owner of
reg(s). The boundary that borders two Voronoi regions is called a Voronoi edge,
and consists of portions of bisectors between the owners of the neighboring cells.
The bisector of two polygonal objects (such as points, segments, polygons) is the
locus of points equidistant from the two objects. The point where three or more
Voronoi edges meet is called a Voronoi vertex. The combinatorial complexity of
the Voronoi diagram is linear in the number and complexity of the sites. In the
interior of a simple polygon the Voronoi diagram is also called medial axis 1 . Any
point p on the boundary of reg(s) is weighted by w(p) = d(p, s). The disk D
centered at p of radius w(p) is empty, that is, no site intersects the interior of D.
The L∞ distance is used throughout this paper. The L∞ distance between
two points p = (xp , yp ) and q = (xq , yq ) is d(p, q) = max {|xp − xq |, |yp − yq |}. In
1

There is a minor diﬀerence in the deﬁnition which we ignore in this paper (see [11]).
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the presence of additive weights, the (weighted) distance is dw (p, q) = d(p, q) +
w(p) + w(q), where w(p) and w(q) denote the weights of points p, q respectively.
In case of a weighted line l, the (weighted) distance between a point t and l is
dw (t, l) = min{d(t, q)+w(q), ∀q ∈ l}. The (weighted) bisector between polygonal
elements si , sj is b(si , sj ) = {y | dw (si , y) = dw (sj , y)}. In this paper we use the
term core element, i.e., core segment and core point, to denote a portion of
interest along a bisector (such as a medial axis segment, a Voronoi edge or a
Voronoi vertex). Fig. 1 illustrates examples of core segments. The endpoints and
the open line segment portion of a core segment are always diﬀerentiated and
they are treated as distinct entities.

(a)

(b)

Fig. 1. The regions of inﬂuence of the core elements of a core segment

In L∞ core segments can be treated as additively weighted ordinary segments.
Let s be a core segment induced by the polygonal elements el , er , that is, s
is portion of bisector b(el , er ). Every point p along s is weighted with w(p) =
d(p, el ) = d(p, er ). The 45◦ rays2 emanating from the endpoints of s partition the
plane into the regions of inﬂuence of either the open core segment portion or the
core endpoints. (In the Euclidean metric the corresponding rays would be rays
perpendicular to el and er ). Fig.1 illustrates the partitioning of space induced
by a core segment in the L∞ metric. Shaded regions are equidistant from both
the core endpoint and the open core segment. In this paper equidistant regions
are always assigned to the core endpoint. In the region of inﬂuence of a core
point p distance is measured in the ordinary weighted sense, that is, for any
point t, dw (t, p) = d(t, p) + w(p). In the region of inﬂuence of an open core
segment s distance in essence is measured according to the farthest polygonal
element deﬁning s, that is, dw (t, s) = d(t, el ) where el is the polygonal element
at the opposite side of the line through s than t (indicated by arrows in Fig.1).
In L∞ this is equivalent to the ordinary weighted distance from s. The bisector
between two core elements, and therefore the Voronoi diagram of a set of core
elements, can now be deﬁned as usual. The (weighted) Voronoi diagram of core
medial axis segments was introduced in [2] as a solution to the critical area
computation problem for a simpler notion of an open based solely on geometric
information called break.
2

A 45◦ ray is a ray of slope ±1.
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A Graph Representation for Nets

From a layout perspective a net N is a collection of interconnected shapes spanning over a number of layers. The portion of N on a given layer X is denoted as
NX = N ∩ X and consists of a number of connected components interconnected
through diﬀerent layers. Every connected component is a collection of overlapping polygons that can be unioned into a single shape (a simple one or one with
holes). Some of the shapes constituting net N are designated as terminal shapes
representing the entities that the net must interconnect. A net remains functional as long as all terminal shapes comprising the net remain interconnected.
Otherwise the net is said to be broken. Fig. 2(a) illustrates a simple net N spanning over two metal layers, say M1 and M2, where M2 is illustrated shaded.
The two contacts illustrated as black squares have been designated as terminal
shapes. In Fig. 2(b) defects that create opens are illustrated as dark squares
and defects that cause no fault are illustrated hollow in dashed lines. Note that
hollow defects do break wires of layer M1 but they do not create an open as they
do not break net N .

(a)

(b)

Fig. 2. (a) A net N spanning over two layers. (b) Dark defects create opens while
transparent defects cause no faults.

We deﬁne a compact graph representation for N , denoted G(N ), as follows.
There is a graph node for every connected component of N on a conducting
layer. A node containing terminal shapes is designated as a terminal node. Two
graph nodes are connected by an edge iﬀ there exists at least one contact or via
connecting the respective components of N . To build G(N ) some net extraction
capability needs to be available. Net extraction is a well studied topic beyond
the scope of this paper. For the purposes of this paper we assume that G(N )
can be available for any net.
To perform critical area computation on a layer A we derive the extended
graph of N on layer A, denoted as G(N, A), that can be obtained from G(N ) by
expanding all components of NA by their medial axis. For every via or contact
introduce an approximate point along the medial axis representing that via or
contact, referred to as a via-point, and a graph edge connecting the via-point
with the node of the connecting component of N . If a contact or via has been
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(a)

(b)

Fig. 3. The net graph of Fig. 2 before (a) and after (b) cleanup of trivial parts

designated as terminal shape, designate also the corresponding via point as terminal. In the presence of via clusters we can keep only one via point representing
the entire cluster. Any portion of the medial axis induced by edges of terminal
shapes is also identiﬁed as terminal. Fig. 3a illustrates G(N, A), where A = M 1,
for the net of Fig. 2. Terminal points are indicated by hollow circles. Dashed
lines represent the original M1 polygon and are not part of G(N, M 1).
Given G(N, A) we can detect biconnected components, bridges and articulation
points using depth-ﬁrst search (DFS) as described in [12,13]. For our problem we
only maintain some additional terminal information to determine whether the
removal of a vertex or edge actually breaks G(N, A), i.e., whether it disconnects
G(N, A) leaving terminals in both sides. For this purpose we chose the root of the
DFS tree to be a terminal node or terminal point and at every node i of the DFS
tree we keep a ﬂag indicating whether the subtree rooted at i contains a terminal
point. Any bridges or any articulation points whose removal does not disconnect
terminals of G(N, A) are called trivial. Similarly any biconnected component
incident to only trivial articulation points that contains no terminal points is
called trivial. Trivial bridges, trivial articulation points and trivial biconnected
components can be easily determined and removed from the graph with no eﬀect
on the net connectivity regarding opens. In the following we assume that G(N, A)
has been cleaned up from all trivial parts, and thus, the removal of any bridge or
any articulation point results in a fault. Fig. 3(b) illustrates the net graph after
the cleaning of all trivial parts. Hollow circles indicate terminal and articulation
points. The graph has exactly one bi-connected component.

4

Modeling Net-Aware Opens

In this section we formalize the deﬁnition of a net-aware open.
Deﬁnition 1. A minimal open is a defect D that breaks a net N and D has
minimal size, that is, if D is shrunk by  > 0 then D no longer breaks N . D
breaks N if any two terminal shapes of N get disconnected or if a terminal shape

Higher Order Voronoi Diagrams of Segments

721

itself gets destroyed. A minimal open is called strictly minimal if it contains no
other minimal open in its interior. An open is any defect entirely covering a
minimal open. The size of a minimal open centered at a point t is called the
critical radius of t.
Deﬁnition 2. The center point of an open D is called a generator point for D
and it is weighted with the size (radius) of D. A segment formed as a union of
generator points is called a generator segment or simply a generator.
Deﬁnition 3. The core of the extended net graph G(N, A) on layer A, denoted
core(N, A), is the set of all medial axis vertices, including articulation, via,
and terminal points, and all medial axis edges, except the standard-45◦ edges3 .
G(N, A) is assumed to have been cleaned up from any trivial components, trivial
bridges, or trivial articulation points. The union of core(N, A) for all nets N is
denoted as core(A).
A core segment is assumed to consist of three distinct core elements: two endpoints
and an open line segment. Given a net N , core(N, A) induces a unique decomposition of the portion of N on layer A into well deﬁned wire segments. In particular,
any core element s induces a wire segment R(s) = ∪p∈s R(p), where R(p) denotes
the disk (the square in L∞ ) centered at core point p having radius w(p). Those
wire segments may overlap and their union reconstructs NA (excluding the trivial
portions of NA ). In Fig. 3b all depicted medial axis vertices and segments constitute core(N, A). The dark shaded disks of Fig. 2 are strictly minimal opens.
Deﬁnition 4. A defect D is classiﬁed as order k, k ≥ 1, if D overlaps k wire
segments as induced by k distinct core elements of core(A). The center point of D
is classiﬁed as a kth order generator, k ≥ 1. In case of core elements equidistant
(in weighted sense) from the center of D, a kth order defect is allowed to overlap
more than k wire segments.
Deﬁnition 5. A cut is a collection of core elements C ⊂ core(N, A), such that
G(N, A) − C is disconnected leaving non-trivial articulation or terminal points
in at least two diﬀerent sides. A cut C of k elements is called minimal if C − {c}
is not a cut for any element c ∈ C
Lemma 1. The set of 1st order generators for strictly minimal opens on layer
A consists exactly of the all the bridges, terminal edges, articulation points, and
terminal points of G(N, A) ∩ core(N, A) for every net N .

5

A Higher Order Voronoi Digram Modeling Opens

The Voronoi diagram for opens on layer A, referred to as the opens Voronoi
diagram, is a subdivision of the layer into regions such that each region reveals
3

The term standard-45◦ refers to portions of bisectors of axis parallel lines of slope
±1.
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the critical radius for opens for every point in that region. Recall that the critical
radius of a point t, rc (t), is the size of the smallest defect centered at t causing
a circuit failure. A circuit failure here corresponds to an open. For any point t
in a region reg(h) of the opens Voronoi diagram the critical radius of t should
be derived as a distance function from the owner h, speciﬁcally rc (t) = dw (t, h)
for h ∈ core(A). In the following we formulate the opens Voronoi diagram as a
higher order Voronoi diagram of core segments.
Consider the (weighted) Voronoi diagram of all core elements on layer A,
denoted as V (A). If there are no loops associated with layer A then all elements of
core(A) must be 1st order generators and V (A) must provide the opens Voronoi
diagram on layer A (see also [2]). Fig. 4 illustrates V (A) for the net graph of
Fig. 2. To model opens appropriately we follow some additional conventions for
V (A) as follows: A region equidistant from a core segment and its endpoint is
always assigned to the endpoint. All regions of 1st order generators are colored
red. Coloring a region red indicates that the critical radius of every point in the
region is determined by the owner of that region.

Fig. 4. The Voronoi diagram V (A) for a net N on layer A

Let us now deﬁne the order-k Voronoi diagram of layer A, denoted as V k (A).
For k = 1, V k (A) = V (A). A non-red region of V k (A) is a locus of points with
the same k nearest neighbors (in a weighted sense) among the core elements in
core(A). A red region of V k (A) is a locus of points with the same r, 1 ≤ r ≤ k,
nearest neighbors among the core elements in core(A), such that the set C of
those r core elements constitutes a minimal cut for some net N . If |C| > 1
the red Voronoi region reg(C) is further subdivided into ﬁner subregions by the
farthest Voronoi diagram of C, denoted Vf (C). Fig. 5 illustrates V 2 (A) for the
net of our example. Voronoi regions of V 2 (A) are illustrated in solid lines and
red regions are illustrated shaded. The thick dashed lines indicate Vf (C) for cuts
C, |C| = 2.
There are two types of red regions in V k (A): those that are expanded red
regions of V k−1 (A), referred to as old red regions, and new red regions of cuts
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Fig. 5. The 2nd order Voronoi diagram V 2 (A)

determined in V k (A). Clearly any red region of V k (A) remains red in V k+1 (A).
In Fig. 5 new red regions are illustrated darker. The thick dashed axis-parallel
segments in the new red regions of Fig. 5 are the 2nd order generators for minimal
opens.
Theorem 1. The Voronoi diagram for opens on layer A is the minimum orderk Voronoi diagram of core(A), V k (A), such that all regions of V k (A) are colored
red. Any region reg(H) such that H consists of more than one core element is
further subdivided into ﬁner regions by Vf (H), the farthest Voronoi diagram of
H. The critical radius for any point t in a Voronoi region reg(H) is rc (t) =
max{dw (t, h), h ∈ H}. In particular, if t is in the subregion reg(h) ⊂ reg(H) ∩
Vf (H) then rc (t) = dw (t, h).
Corollary 1. The higher order generators for strictly minimal opens on layer
A are exactly the farthest Voronoi edges and vertices (except the standard-45◦
Voronoi edges) of the opens Voronoi diagram on layer A constituting the farthest
Voronoi subdivisions in the Voronoi region of any cut C of size |C| > 1.
To the best of our knowledge higher order Voronoi diagrams of segments have not
received much attention in the literature unlike higher order Voronoi diagrams
of points, see e.g. [11,14,15]. The problem can have diﬀerent ﬂavors depending
on whether segments are treated as closed entities or whether the open portions
of segments are treated as distinct from their endpoints. In this paper we only
deal with the latter interpretation as this is the one modeling our application.
5.1

Computing the Opens Voronoi Diagram

To obtain the Voronoi diagram for opens we can adapt the simple iterative
process to obtain higher order Voronoi diagrams of points (see e.g. [11]) as we are
primarily interested in small values of k. The main diﬀerence with the standard
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case of points is that an open core segment s does not exist in the region of its
endpoint p, that is, s can not be considered as a higher order nearest neighbor
in reg(p). Furthermore, in L∞ , there can be regions equidistant from more than
one element. As a result, unlike the Euclidean metric, the k-tuples owning two
neighboring Voronoi regions may diﬀer in more than one element.
We ﬁrst obtain V (A) by plane sweep modifying the algorithm of [9] to accommodate weights and the convention of assigning priority to endpoints as opposed
to the open portion of segments. Note that weights are special ensuring no disconnected Voronoi regions. The latter convention can be accommodated either
by modifying the original algorithm to include the bisectors (45◦ rays in L∞ )
between the open portion of core segments and their endpoints, or after the original Voronoi diagram is constructed by drawing the additional bisectors in linear
time. Intersections among the additional bisectors can be resolved arbitrarily.
All Voronoi subregions associated with the same core point p are uniﬁed into
a single Voronoi region for p. The properties and the asymptotic combinatorial
complexity of the Voronoi diagram remain the same.
Let’s now assume that V k (A), k ≥ 1, is available. We show how to compute
k+1
(A). Let reg(H) be a non-red region of V k (A) and let s(H) denote the
V
superset of H deﬁned as H union all open core segments incident to the core
points in H. Let N (H) denote the union of all core elements owning Voronoi
regions neighboring the regions of elements in s(H). Compute the (weighted)
L∞ Voronoi diagram of N (H) − s(H) and truncate it within the interior of
reg(H); this gives the (k + 1)-order subdivision within reg(H). Each (k + 1)order subregion within reg(H) is attributed to a (k + 1)-tuple H ∪ {c}, where
c ∈ N (H) − s(H). Once the (k + 1)-order subdivision has been performed within
the non-red regions of V k (A) we remove the edges and vertices of V k (A) that are
not part of V k+1 (A), merge the incident (k + 1)-order subregions of V k (A) into
the (k + 1)-order Voronoi regions of V k+1 (A), and determine the red regions of
V k+1 (A). Unlike the standard higher order Voronoi diagram case, not all Voronoi
edges of V k (A) are necessarily deleted from V k+1 (A). In the following we give
the details of this process.
Let reg(H) be a non-red region of V k (A) and let c, c ∈ H, be a core element
inducing a (k + 1)-order subregion in reg(H). Let reg(H ∪ {c}) denote the union
of all (k + 1)-order subregions of V k (A) owned by H ∪ {c}. Recall that no
(k + 1)-order subdivision is performed within red regions of V k (A), that is, no
portion of reg(H ∪ {c}) is red other than possibly some bounding Voronoi edges.
Any Voronoi element of V k (A) in the interior of reg(H ∪ {c}) gets deleted from
V k+1 (A) (unless colored red, see below) and all subregions of reg(H ∪ {c}) get
merged into a new (k + 1)-order region of V k+1 (A). It remains to determine
whether H ∪ {c} forms a cut for the biconnected component B such that c ∈ B.
There are two cases:
1. If reg(H ∪ {c}) is incident to an already red Voronoi region reg(R) of V k (A)
such that R ⊂ H ∪{c} then clearly H ∪{c} forms a cut. Then reg(H ∪{c}) is
colored red and reg(H ∪ {c}) gets merged within reg(R). Since no portion of
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reg(H ∪ {c}) is already red in V k (A) it is not hard to see that the portion of
V k (A) in the interior of reg(H ∪ {c}) is in fact the corresponding portion of
the farthest Voronoi diagram of R, Vf (R). We say that that the region of the
cut R expands into reg(H ∪{c}) keeping R as the sole owner of the expanded
region. The portion of V k (A) in the interior of reg(H ∪ {c}) remains as a
ﬁner subdivision of the expanded region.
2. Otherwise we need to check whether H ∪ {c} forms a new cut (see below),
i.e., whether reg(H ∪ {c}) becomes a new red region of V k+1 (A). If H ∪ {c}
is indeed a new cut of biconnected component B, let C = B ∩ (H ∪ {c});
C is assigned as the owner of reg(H ∪ {c}), which is now denoted simply
as reg(C), and it is colored red. The interior of reg(C) gets partitioned into
ﬁner subregions by Vf (C), the farthest Voronoi diagram of C, as given by
the portion of V k (A) in the interior of reg(C). It is not hard to see that
no information is lost by assigning C as the owner of reg(H ∪ {c}) as no
core element in (H ∪ {c}) − C can be the farthest one among elements of
H ∪ {c} for any point t ∈ reg(H ∪ {c}). In fact any element of H that is
not represented in the (complete) farthest Voronoi diagram of C, can be
excluded from C.
The following Lemma can be derived using the properties of standard higher
order Voronoi diagrams of points (see [11]).
Lemma 2. The opens Voronoi diagram on layer A has size O(k(n−k)), where n
denotes the number of polygonal edges on layer A, and k is the maximum number
of iterations performed in the construction of the diagram until all regions are
colored red. The number k depends on the connectivity of G(N, A).
A simple (almost brute force) algorithm to determine new cuts of V k+1 (A) is as
follows. Let reg(H) be a non-red region of V k (A) and let B be a biconnected
component associated with set H. That is, B ∩ H = ∅ and there is a Voronoi
edge bounding reg(H) induced by core elements b, h such that b ∈ B − H and
h ∈ H. Remove the elements of H from B and determine new non-trivial bridges,
articulation points and biconnected components of B − H. Clearly H ∪ {c} is
a new cut of B if and only if c is a new non-trivial bridge or articulation point
of B − H. It is now easy to determine any new cut associated with the non-red
Voronoi edges or vertices bordering reg(H) in V k (A). Note that any new cut of
V k+1 (A) corresponds to at least one Voronoi element of V k (A).
To determine the new cuts of V 2 (A) (i.e., generators of order 2) a much faster
algorithm could be obtained by partitioning biconnected components of G(N, A)
into triconnected components (see [16]). However this is not easily generalizable
to k > 2. Many biconnected components in actual VLSI designs are expected
to have low connectivity to the extent of being simple cycles. For simple cycles
the problem is easy and can be answered using a simple coloring scheme on the
DFS tree of the corresponding biconnected component.
The time complexity of the entire algorithm is described in the following
lemma.
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Lemma 3. The Voronoi diagram for opens on a VLSI layer A can be computed
in time O(k 2 n log n) plus a total O(k 2 n2 ) time to determine cuts associated with
higher order generators, where k is the maximum number of iterations performed
and n is the complexity of layer A. In case of biconnected components forming
simple cycles or if the maximum number of iterations is bounded by k = 2 the
bound simpliﬁes to O(n log n).

6

A Hausdorﬀ Voronoi Diagram for Opens

Once the set of cuts C claiming a region in the opens Voronoi diagram on
layer A have been identiﬁed, the opens Voronoi diagram can be interpreted
as the Hausdorﬀ Voronoi diagram of C. Given a cut C and a point t, the Hausdorﬀ distance between t and C simpliﬁes to the maximum (weighted) distance
of t from any core element in C, i.e., dh (t, C) = max{dw (t, c), c ∈ C}. The
Hausdorﬀ Voronoi diagram of a set of cuts S is the Voronoi diagram of S under the Hausdorﬀ distance, where the Hausdorﬀ Voronoi region of a cut C is
reg(C) = {t | dh (t, C) ≤ dh (x, Cj ), Cj ∈ S} (for the deﬁnition of an ordinary
Hausdorﬀ Voronoi diagram see e.g [17,3]). Assuming that some superset of cuts
S ⊇ C can be identiﬁed, the Hausdorﬀ Voronoi diagram of S provides an alternative deﬁnition for the opens Voronoi diagram on a layer A. This observation can
help reduce the number of iterations in computing the ﬁnal opens Voronoi diagram and speed up the construction in practice. Namely, once a suﬃcient set of
cuts C  has been identiﬁed the iteration can stop and the Hausdorﬀ Voronoi diagram of C  can be directly computed in the non-red portion of the current V k (A).
Furthermore, one can localize the higher order Voronoi diagram computation by
applying the iterative process to identify cuts to each biconnected component
independently. Computing the Hausdorﬀ Voronoi diagram of cuts for all biconnected components union the 1st order generators provides the opens Voronoi
diagram. Practical limits on the number of iterations for each biconnected component can be easily imposed to gain speed with only minimal potential loss in
accuracy (if any). For a plane sweep algorithm to compute the Hausdorﬀ Voronoi
diagram for clusters of points see [3].
Often it is desirable to compute one critical area value combining interconnect opens on layer A and via-blocks on the neighboring via layers into a single
estimate of critical area for missing material defects. A via-block is a defect
entirely destroying a connection (a via or cluster of vias) between neighboring
conducting layers. The problem of computing critical area for via-blocks reduces
to computing a Hausdorﬀ Voronoi digram of polygons representing clusters of redundant vias (see [2,3]). To compute the combined Voronoi diagram for missing
material defects we simply need to substitute V (A), with Vh (A ), the Hausdorﬀ
Voronoi diagram of all core elements on layer A union clusters of vias on the
neighboring via layers. Voronoi regions of via-clusters represent via-blocks and
are always colored red. Vh (A ) can be computed by plane sweep by adapting the
plane sweep construction of [3]. The iterative process to compute new cuts and
the ﬁnal Voronoi diagram for missing material defects remains similar.
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