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ALGORITHM OF INPUT DATA PREPARATION FOR SINGLE-BEAM PATTERN
GENERATOR IN INDUSTRY-ORIENTED APPLICATIONS

Summary

In this paper, a new algorithm for an automated system of input data preparation for integrated circuit layout generator is
proposed. A problem of covering polygons with rectangles is considered. The rectangles must lie entirely within the polygon
and it is preferable to cover the polygon with few rectangles as possible. Functions and a structure of the software are de-
scribed and given some examples of data processing. Results described in this paper can be applied in computational ge-
ometry and image analysis in industry-oriented applications.
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ALGORYTM PRZYGOTOWANIA DANYCH WEJSCIOWYCH DLA GENERATORA
POJEDYNCZEJ WIAZKI OBRAZU W APLIKACJACH PRZEMYSLOWYCH

Streszczenie

Zaproponowano nowy algorytm dla zautomatyzowanego systemu przygotowania danych wejsciowych dla generatora ukla-
du scalonego. W pracy rozwazany jest problem pokrywania wielokgtéw prostokgtami. Prostokqty muszq zawiera¢ sie cal-
kowicie w wielokqcie i preferowane jest, aby pokry¢ wielokgt mozliwie niewieloma prostokgtami. Funkcje i struktura opro-
gramowania zostaly opisane wraz z przyktadami przetwarzania danych. Wyniki opisane w artykule mogq by¢ zastosowane

w geometrii obliczeniowej i analizie obrazéw w aplikacjach przeznaczonych dla przemystu.
Stowa kluczowe: algorytm pokrycia, wielokgt, prostokqt, generator ukiadu scalonego

1. Introduction

There is a problem of formation of layout structures on
metallized photo masks by manufacture of integrated cir-
cuits or printed circuit boards [1]. These structures are
formed from type-setting elements with the help of pattern
(layout) generators. The type-setting element represents a
rectangle. Creation any images of layout structures by
means of the generators demands preliminary decomposi-
tion of the description of these structures on a set of the rec-
tangles. Thus the number of the rectangles that enclose into
the set should be minimal or close to minimal and each rec-
tangle in this set would satisfy to limitations on the sizes
(they are determined by technical characteristics of the pat-
tern generators). Special algorithms used for this goal solve
a task of a covering of circles, rings, bus-bars, triangles. A
universal algorithm solves a task of covering of any poly-
gon given one or several contours. There are a lot of the au-
tomated systems [1-11] of input data preparation for IC
layout generators; however they are focused on a limited
class of layout objects.

2. Aim and scope of the paper

A new heuristic algorithm for an automated system of
input data preparation for layout generator is proposed in
this paper. Its correctness is assessed on the basis of a set of
rectangles determined for covering.

3. Material and methods

A topology is defined using a set of base layout objects:
contours, bus-bars and circles. A contour corresponds with
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a closed broken (polygonal) that is represented by coordi-
nates of its vertices. A bus-bar is represented by its width
and track centerline specifying bus-bar path. A circle is de-
termined by its radius, coordinates of the center and a num-
ber determining accuracy of approximation of the circle by
a contour. As a rule, the accuracy set additional reduced ra-
dius: the rectangles forming the circle have to cover in total
all points belonging to the circle with the reduced radius
and not to cover any of points outside the determined circle.

The following sequence of steps is carried out during in-

put data preparation for layout generators.

1. The correctness of the set of contours is analyzed.

The contour is considered as incorrect if the length of some
of its sides is equal to zero or less than minimal length of
the side of a rectangle of a type-setting element. The angle
between the sides of a contour cannot be equal to zero. In-
correctly given contours are deleted from the set of the con-
tours describing topology.

2. Mutually crossing contours are searched and classed.
Contours a and b a belong to one class if there are contours
C1, Ca, ..., Cn in this class such, that pairs aci, ¢iCo, CaCs, ...,
Cn-1Cn, Cab are crossed among themselves. The contours of
one class are replaced with one contour. Afterwards, the
description of initial topology is represented as set of mutu-
ally non-crossing contours.

3. Simply connected contours and multiply connected con-
tours are allocated.

The simply connected contour does not contain inside
itself any other contours. The multiply connected contour
consists of the basic contour, which contains inside itself
some other contours. The contours included in a multiply
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connected contour, refer as contour-cuts. The contour-cut
may not be inside any other contour except the basic.
4. A subset of simply connected contours, which are in-
cluded in a given rectangle, may be inverted. Thus, we sup-
pose, that a rectangle is not contained in the given multiply
connected contours. This stage results in the considered
subset of simply connected contours replaced with one mul-
tiply connected contour in which a rectangle acts as the
basic contour, and the contours which are included in the
given subset, are contour-cuts.
5. The task of decomposition (covering) is solved for each
simply connected and multiply connected contour, i.e. a set
of rectangles is found for each of these contours. Then, de-
termined rectangles are jointed in one simply connected
contour or multiply connected contour. If the given set of
rectangles is a covering of the multiply connected object,
then contour-cuts are added also. If this generated union of
the rectangles is the simply connected contour, then the re-
ceived covering is correct. If the resulting contour is multi-
ply connected, the covering is not correct. Non-correct cov-
ering is supplemented with the rectangles, and in this way it
becomes correct. The obtained sets of rectangles are added
in the covering.
6. In the obtained set of the rectangles covering initial lay-
out objects, the optimum sequence of rectangles is found.

Thus, a number of the rectangles enclosed into the result
set of rectangles should be minimal or close to minimal,
and each rectangle in this set should satisfy its size limita-
tions. A number of intersections between the rectangles can
also be minimized and save computation time for finding
covering.

So, different tasks are solved during the input data prep-
aration for layout generators, but the most important is lay-
out decomposition or covering by rectangles (Fig. 1).

,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fig. 1. A result of covering

The covering algorithm finds previous covering, anal-
yses this covering on correctness and finds holes in cover-
ing. Then special algorithm covers uncovered holes and
finds correct covering or entrance sequence for laser gener-
ators.
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A line segment is a part of a line that is bounded by two
end points, and contains every point on the line between its
end points. Examples of line segments include the sides of a
triangle or square. In geometry a polygon consists of
straight lines that are joined to form a closed chain or cir-
cuit. A polygon is a plane figure that is bounded by a closed
not crossed itself path, composed of a finite sequence of
straight line segments (i.e., by a closed polygonal chain).
These segments are called their edges or sides, and the
points where two the edges meet are the polygon's vertices
or corners. Simple single connected polygon: the boundary
of the polygon is single and does not cross itself.

Multiply connected polygon W is traditionally a plane
figure that is bounded by a closed polygonal chains: Ls, Lo,
..., Lg. L1 is called a main or ground closed polygonal chain
and Ly, ..., Ly closed polygonal chains inside main one L,
..., Lg also called contour-cuts. Multiply connected polygon
defines the point of the plane, located on the borders of rep-
resenting its contours, as well as the point of the plane in-
side the main closed polygonal chain, but not inside the
contour-cuts. Rectangle belongs to a polygon, if any point
of the plane, located within or on the border of this rectan-
gle is inside or on the boundary of a multiply connected
polygon. The rectangle is h-allowable if the length of any of
the parties not less than some value h, where h is a positive
real number not equal to zero. The point of the plane r, lo-
cated inside or on the boundary of the polygon is called the
h-covered if there is h-allowable rectangle belongs to this
polygon, such that the point r lies on the border or inside
the rectangle. In the polygon containing sharp inside cor-
ners, there may be a point located near the sharp internal
angles, which are not covered by h- allowable rectangles.
Moreover, the point of the plane, located at the apex of an
acute angle, is not covered by h- allowable rectangles for
any quantity.

A covering of a polygon means a set of multiply h-
allowable rectangles satisfying the following conditions: 1)
every rectangle of a given covering set belongs to multiply
connected polygon, 2) for every h-coverable point r from
multiply connected polygon there is at least one rectangle
such that the point r lies on the border or inside the rectan-
gle. In this paper the following problem is studied: how to
find a correct multi connected covering polygon W that
consists of a minimum or close to the minimum number of
h-allowable rectangles.

The proposed algorithm of covering consists of two
stages. In the first stage, its previous covering is generated
on the sides of a polygon. In the second stage we evaluate a
covering correctness. If the previous covering is not correct,
then it is complemented by the rectangles so that the new
covering becomes correct. The rectangles are constructed
on the base of the sides multiply connected polygon.

Below, for simplicity, polygons will be denoted by Lat-
in letters a, b, c, etc. Let P(ab) be a straight line passing
through the side ab of multiply connected polygon.

First stage.Finding previous covering.

The rectangles are constructed on the base of the sides
multiply connected polygon. Consistently, get over the
sides of polygon. For the every side of polygon we con-
struct one or more rectangles for previous covering by the
next specification.

Rule 1.Ifinterior angles on sides of multiply connect-
ed polygon are not acute angles, then, the main rectangle is
built on this side.
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To build a basic rectangle, draw the lines Ri, R, perpen-
dicular to the line P(a) and passing through the boundary
points of a (Fig. 2). Among the points of the polygon, that
lie between these two lines and the side a, we search for
point B, which lies on the border of the polygon and located
at a minimum distance from side a. Draw a straight line R
through this point, Rs parallel to the line P(a). Intersection
points of lines Ri, Rz, Rs, P(a) set vertices of the desired
main rectangle S;.

R1 Rz
N
B
R3
b s, d
a P(a)

Fig. 2. Previous covering by main rectangle

Further, we extend the main rectangle S; to its sides d
and b. The basic or main rectangle shown on Fig. 2 cannot
be extended to these sides. Therefore, we turn to Fig. 3.

Expansion of the main rectangle: Let p side of the main
rectangle Si, p is parallel to the side a, and, respectively
there are straight lines passing through the sides b, d, p of
rectangle S1 with name Ry, Rz, R . Construct rectangle S;on
side d of rectangle Si. Rectangle S, can be constructed only
by the side of d if the internal angle on this side of polygon
W is greater °than or equal to 180 degree. We might find
among points of polygon W limited by lines Rz, Rs, P(a),
and which is not situated in rectangle S; point vy, y lies on
the boundary of a multiply connected polygon, and located
at a minimum distance (not equal to zero) from line Ry. If
such a point exists, then draw straight line G4 through it, G4
is parallel to line R.. Intersections of lines Rz, Rs, P(a) and
G4 define the vertices of new desired rectangle S,. Add rec-
tangle S; to rectangle S,. Similarly, you can try to extend
the main rectangle to side b. The main rectangle obtained
after extension (S1+Sy) is included in the previous covering.

RN Ga
I RZ\7

b Sl d Sz

2 V4 P(a)

T

Fig. 3. Previous covering after extension main rectangle by
sided

Rule 2. Suppose that one of the interior angles on side
a of multiply connected polygon W is an acute in vertex a:
(Fig. 4). The other end point of side a is denoted a,. Draw
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line F1 through boundary vertex a,, line F1 is perpendicular
to a. There are two options or variants.

Variant 1. Polygon side t, that is adjacent to side a and con-
necting with it in vertex a;, also intersects with line Fi.
Denote as T and A the lines where sides t and a is located
accordingly. Denote F, the line, which is the bisector of the
angle between polygon sides t and a. Find the point a (o is
intersection point of lines F1 and F,). Draw line F5 that is
parallel to line A and o also must be situated on this line.
Find point B that is the point of intersection lines Fs and T.
Draw the line through this point Fa, which is parallel to line
Fi.

Fs T
F1 F2
t
B / Fs
a
S 7 Fs
a Sfs| a a
S1

Fig. 4. Construction rectangles for polygon side a, one of
polygon interior angles on side a acute (variant 1)

In the set of points of multiply connected polygon, that
lie between lines F1, F4 and A, find point y, that is located
on the boundary of polygon and on minimum distance from
side a. Draw straight line Fs through this point parallel to
line A. If the distance from point y to polygon side a is less
than the distance from a to this side, then points are located
at the intersection of lines F1, F4, Fs, A for rectangle S;
(Fig. 4), else points are located at the intersection of lines
F1, Fa, F3, A. If the length one of the sides for rectangle S;
is less than the predetermined value h, then the process of
generating this rectangle for side a stops because we might
built only h-allowable rectangle. If Sy is h-allowable rectan-
gle then we start a construction for the rectangle S,. We
built rectangle S, just like rectangle Si (Fig. 6). & is the
point of intersection for lines F4, A. As side a put under
consideration line, segment is located between the end
points a; and 3. If the length one of the sides for rectangle
S, is less than the predetermined value h, then the process
of generating this rectangle for line segment a;8 of the side
a stops because we build only h-allowable rectangle. Oth-
erwise, we add rectangle S, in the previous covering, and
similarly rectangle Sz is constructed (Fig. 4), etc.
Variant 2.tisaside of polygon that adjacent to the
polygon side a and they are connected in polygon vertex a;
but t does not intersect with the line F1 (Fig. 5).

Draw line Z, line Z is perpendicular to the side a and
passing through the end point of t, which is not a polygon
vertex a;. Denote as o point of intersection for lines Z and
A, and as ai, a; end points of polygon side a. We split side
a into two line segments (az, a), (a., a1). On the base of line
segment (az, o) construct rectangle for the previous cover-
ing as it is described by rule 1. But at the same time as the
initial part of the polygon is considered segment (az, o).
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Accordingly variant 1 of rule 2 on base of line segment
(o, @1) as a part of polygon side a construct some rectangles
for the previous covering. At the same time in this case
(Fig. 5), can be constructed several rectangles for previous
covering.

z
T
Fa4 y __—
F1 =
t
B
Fs
/4 Fs
A
a a az
S1

Fig. 5. Construction rectangles for polygon side a, one of
polygon interior angles on side a acute (variant 2)

Rule 3. Assume that both internal angles of the multi-
ply connected polygon, on side a with end points ai, a, are
an acute. In this case, find a point § located in the middle of
side a. Thus, we split side a into two segments (a1, B), (B, a2).
For each of these segments (a;,) and (B,a2) of the polygon
side find previous covering as it is described in Rule 2.
Analysis of the previous covering on correctness.

The above algorithm for solving the covering problem is
heuristic. It’s mean that we can’t guarantee a valid solution
of the covering task. A multiply connected polygon and its
previous covering (it is incorrect, since it contains two non-
covered holes) is shown on Fig. 6.

a) b)

Fig. 6. Multiply connected polygon: a) input polygon; b)
covering

For the every side of polygon we construct one or more
rectangles for previous covering. Feature of the previous
covering proposed above is that to each side of a multiply
connected polygon adjoins one or more rectangles from cov-
ering. Exceptions are small areas in sharp internal corners
and new contour-cuts added after previous covering. This
areas and contour-cuts are not covered at the first stage.
Second stage. Analysis of previous covering on
correctness and cover added at first stage contour-cuts (Fig. 7).

4. Results

The developed algorithm was implemented in an auto-
mated system of input data preparation for integrated circuit
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(IC) layout generator. Input data for the system are the de-
scription of IC layout presented in GDS Il format [12] or in
internal text format. It is also necessary to determine the
type of generator for which information is being prepared
(EM-5009 A2 or EM-5109 [13]), since the accuracy of the
final covering for layout patterns is dependent from the cor-
responding parameters of image generators. Output data of
the system are input layout patterns in image format of the
generator (formats MUL, BIT, or PAT for layout laser gen-
erators EM-5109 and EM-5009A2). The patterns are cov-
ered by the rectangles corresponding to the size of an image
generator diaphragm. An error in representation of acute
angles and other different elements of the topology is de-
termined by the size of the minimum window of an aperture
for the generator. A layout precision must be less than 1
discrete coordinate table (0.125 microns for generator EM-
5109 and 0.25 microns for EM-5009A2). Further, the opti-
mum sequence of the rectangles is founded to increase the
speed up of the generator (the rectangles are sorted on a ro-
tation, because a rotary mechanism in generator type EM-
5009A2 is slow).

Table 1 presents processing results for this algorithm on
generator EM-5109 with minimum size 1 micron (two hun-
dred polygons from real projects were processed). To re-
duce the table we show only partial results, but it does not
significantly reduce impact on the accuracy and reliability.
The results proved that 58% of previous coverings are cor-
rect. As a rule, in orthogonal polygons number of rectangles
in covering approximately 2 times less than the humber of
vertices in the original polygon. This is due to the fact that
in the implemented algorithm with previous-covering, add-
ed a special optimization procedure. According to this pro-
cedure we build next rectangle only on the base of segment
that is not a side of previously found rectangles.

Fig. 7. Covering after second stage

If the input polygon is similar to the bus chip, the result-
ing covering contains the same number of rectangles as the
vertices in the input polygon.

Increasing the number of rectangles in the covering usu-
ally associated with the complexity of the original poly-
gons: the presence of circular arcs and sharp corners or de-
fects in bus chip.

5. Conclusions
The proposed algorithm enables to supervise all stages
of formation of input sequence for integrated circuit layout

generators and process data with usage of technological and
technical restrictions of the laser generator. It was imple-
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mented as a set of the appropriate subroutines which are
integrated in subsystem «Polygon» of the automated system
Table 1. Results of data processing

Ne | The num- | The number The The re-
ber of ver- of rectan- number sulting

tices in glesin pre- | ofadded | number of

the origi- | vious cover- holes rectangles

nal poly- ing in cover-
gon ing
1 100 42 2 42
2 65 74 0 74
3 97 104 0 104
4 130 146 0 146
5 50 58 0 58
6 66 74 0 74
7 98 104 0 104
8 50 58 0 58
9 100 104 0 104
10 24 24 0 24
11 93 84 0 84
12 127 87 1 88
13 338 286 3 295
14 128 121 6 122
15 20 35 1 38
16 25 39 1 42
17 23 87 2 91
18 25 39 1 42
19 18 37 1 41
20 154 188 0 188
21 240 227 27 296
22 148 154 0 154
23 155 161 0 161
24 148 186 0 186
25 38 39 0 39
26 176 188 14 202
27 166 161 5 169

of input data preparation for IC layout generator. It realizes
the multiple document interfaces and, accordingly, consists
of a main window, a menu, a set of floating tool bars and
affiliated windows opened as necessary. This system essen-
tially facilitates of a designer work. Covering task realized
not only in our system but also in CATS FLAT Fracturing
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[14], but the proposed algorithm uses a stage of the cover-
ing analysis of correctness due to a special algorithm, that
guarantees the correctness of covering.
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