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(54) Title: POLYGON REPRESENTATION IN AN INTEGRATED CIRCUIT LAYOUT
(57) Abstract

An approach for representing polygons in an mtegrated circuit (IC) layout is prowded Polygons are represented by one or more
wires, which in tumn are each represented by one or more wire segments. Each wire segment is represented by a pair of directed line
segments. A data structure hierarchy includes polygon data, wire data, wire segment data and branch data. The polygon data represents
a set of IC devices to be represented in the IC Jayout. The wire data represents the wires that represent the polygons and specifies the
associated wire segments and associated polygons. The wire segment data represents the wire segments and specifies the associated directed
line segments for each wire segment that represent the wires and references the wire data. The branch data specifies connections between
wires by specifying the connecting wire segments in the wires. A spacing check between a first polygon and a-second polygon involves
determining the canonical direction from the first polygon to the second polygon and testing the two closest faces between the polygons.

-] To satisfy a spacing violation, an exclusion zone is constructed around the first polygon and the second polygon is moved a distance outside

the exclusion zone which causes the minimum spacing required by a set of predetermined spacing criteria to be satisfied.
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10 to mean “diffusion layer geometry.” Other layers of material and features, such as contacts
and vias, may be similarly represented in an IC layout. The polygons in an IC layout must

satisfy a set of design rules that defines minimum sizes for certain types of material as well as
minimum spacing requirements between different types of material. The set of design rules
also specifies size and spacing requirements for other layout features such as contacts.

15 Sometimes, IC layouts are drawn by hand using a computer aided design (CAD)
system. This approach is often adequate for designing IC layouts having a relatively smalil
number of devices. However, modern fabrication technology allows several million
transistors to be placed on a single silicon substrate. Drawing an IC layout by hand that

contains millions of transistors is not practical because of the excessive time required, even if

20  standardized cells are used to reduce the number of individual transistors that must be drawn.
Consequently, various computer-based IC layout design tools have been developed to
automate the generation of IC layouts. Two types of layout design tools include leaf cell
compaction tools and leaf cell synthesis tools. In the context of IC layouts, the term “leaf

ell” refers to a group of transistors, typically from two to several hundred, that together

25  perform a specific function, such as a NAND logical operation or storing a bit of information.

Leaf cell compaction tools are used to reduce the size of an existing IC layout. Most
leaf cell compaction tools compact a layout in either the vertical or horizontal direction by
eliminating extra space between polygons. “Full” compaction is sometimes provided by first
compressing a layout in the horizontal direction and then compressing the layout in the

30  vertical direction. However, most leaf cell compaction tools are also able to adjust the
coordinates of the polygon points in an IC layout until they meet the design rules for a
particular fabrication process, making them helpful for porting an existing layout from a
current set of design rules to a new set of design rules. Despite the benefits of leaf cell
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is not referenced with respect to a particular corner and the sides of a trapezoid are not ordered
e.g. with respect to current flow. However, the arbitrary nature makes the general polygon -
25  approach difficult to implement in software. Because most synthesis software limiits the
number of points that can be contained in a single polygon, some complex polygons
containing numerous trapezoids must be fractured into smaller polygons. The need to fracture
a polygon into many trapezoids or rectangles obscures its purpose, and it is difficult to
determine useful properties such as resistance or transistor device size. Also, relatively simple
30 changes in the polygons can result in wholesale restructuring of the trapezoid representation.
Many tools use only rectangles because the algorithms required to manipulate non-orthogonal
geometry built from trapezoids are complex. Large quantities of trapezoids or rectangles are

required to represent all but the simplest polygons, and useful operations like inserting a bend
in a wire are difficult because they have no direct analog in a list of concatenated trapezoids.
35  Finally, some implementations of the general polygon approach represent the entire design
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In view of the need to represent polygons in IC layout synthesis tools and the
limitations in existing approaches, an alternative approach for representing polygons in an IC
layout is highly desirable.

SUMMARY OF THE INVENTION

15 According to one aspect of the invention, an approach is provided for generating a data
representation of an IC layout. The computer system comprises a memory and one or more
processors coupled to the memory. The memory contains a set of instructions which, when
executed by the one or more processors, cause the one or more processors to perform several
steps. First, polygon data associated with a polygon that represents a set of IC devices to be

20 represenfed by the IC layout is generated, where the polygon is represented by one or more
wires. Then, wire data is generated that both represents the one or more wires and contains at
least one reference to the polygon data, where each wire is represented by one or more wire
segments. Wire segment data is generated that both represents the one or more wire segments
for each wire and contains at least one reference to the wire data. At least one reference in the

25 polygon data is generated that references the wire data. Finally, at least one reference in the
wire data is generated that references the wire segment data.

According to another aspect of the invention, an approach for performing a validity
check of the polygon data is provided. First, a first polygon and a second polygon are selected
from one or more polygons to be checked. Then, the canonical direction from the first

30 polygon to the second polygon is determined. Finally, based upon the canonical direction
from the first polygon to the second polygon, a determination is made as to whether the space
in between the first polygon and the second polygon satisfies a set of predetermined spacing
criteria. If the spacing between the first polygon and the second polygon does not satisfy the
set of predetermined spacing criteria, then the second polygon is moved with respect to the
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SUBSTI TUTE SHE%Tgu@Bh‘E Firdsthhates a directed line segment data structure according to an
15 embodiment of the invention;

Figure 4C illustrates a wire segment data structure according to an embodiment of the
invention; | _
Figure 4D illustrates a wire data structure according to an embodiment of the
. invention; |
20 Figure 4E illustrates a polygon data structure according to an embodiment of the
invention;
Figure 4F illustrates a branching data structure according to an embodiment of the
- nvention; _ B
Figure 4G illustrates a side branching data structure according to an embodiment of the
25 invention;
Figure 5 illustrates a polygon constructed from wire segments according to an
embodiment of the invention;
Figures 6A — 6E illustrate a set of data structures associated with the polygon of Figure
5 according to an embodiment of the invention;
30 Figure 7 illustrates a second polygon constructed from wire segments according to an
embodiment of the invention;
Figure 8 illustrates a diffusion island constructed from wire segments according to an
embodiment of the invention; _
Figure 9A illustrates a directed line segment and an orientation key according to an

35 embodiment of the invention;
SUBSTITUTE SHEET (RULE 26)
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" Figure 4Cillustrates a wre seg oc{imep 3 ﬁtructure according to an

. enbodi nent of the  accordingtoaneém ¢ yRmtion; Figure 4D
il lustrates a Wrighrelelia aSﬂdeena:f &aﬁﬁﬁ%ﬁbﬂﬂrﬁeﬁmﬂﬁoﬁﬁ?&d’hﬁiﬁg‘li spicirigd¢heck

- invention; 20 g@y 4E i | Idusttr at es badpoe%%?ﬂr dat a ,structure
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Figure 13A illustrates a wire constructed using wire segments according to an

10 embodiment of the invention;
Figure 13B illustrates a polygon representation of the wire of Figure 13A according to
an embodiment of the invention; and
Figure 14 is a block diagram of a computer system on which embodiments of the
invention may be implemented.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A novel approach for representing polygons in an IC layout is described. In the
following description, for the purposes of explanation, specific details are set forth in order to -
provide a thorough understanding of the invention. However, it will be apparent that the
invention may be practiced without these specific details. In other instances, well-known
20  structures and devices are depicfted in block diagrzim form in order to avoid unnecessarily
obscuring the invention. '

FUNCTIONAL OVERVIEW _
_ | Generally, according to an embodiment of the invention, the polygons of an IC layout |
25  are represented by one or more wires that are each represented by one or more wire segments.
Each wire segment is formed from a pair of directed line segments. A novel data structure
hierarchy is provided for maintaining data that represents the wires, wire segments and
directed line segments. The data structure hierarchy is used during IC layout synthesis to
. perform validity checks on the IC layout.
30
DETAILED DESCRIPTION
1) Canonical Orientation.
As illustrated in Figure 1, canonical orientation refers génerally to the direction of IC
layout geometry with respect to a predetermined orientation key 100. According to one
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enbodi ”Eeian‘iﬁle AR nstacsdlih @igm_'e 2, a line segment 200_1s defined by end points 202 and 204.

According to an embodiment of the invention, the canonical orientation of line segment 200 is
based upon the position of end point 204 with respect to the end point 202. Thus, line

10 segment 200 is oriented or directed in the (up, right) direction, as indicated by direction arrow
205. There are no restrictions on the direction in which a line segment may point. For.
example, if end point 204 is below and left of end point 202, then the canonical orientation of
line segmént 200 would be (down, left). In addition, point 206 is positioned to the left (left) of
line segment 200 while point 208 is positioned up and to the right (up, right) of line segment

15 200. This approach is useful for determining whether the spacing between line segment 200
and point 206 satisfies a set of predetermined spacing criteria as described hereinafter.

As previously introduced, IC layoﬁt polygons are represented by one or more wires
and each wire is represented by one or more wire segments. According to an embodiment of
the invention, each wire segment has four sides, two side faces (left and right) and two end

20 faces (first and second). The side faces are represented by a pair of directed edges that are
oriented substantially in the same direction, but which are not required to be parallel or have
coincident endpoints. According to one embodiment of the invention, the left and right faces
must each be at a multiple of a 45° angle with respect to each other, but the end faces may be
at any angle with respect to eaéh other. Generally, the end faces will be at a multiple of 45° at

25 the exposed ends of the wire while “internal” end faces may be at any angle. As with line
segments, wire segments may point in any direction as previously described with reference to
Figure 1. According to one embodiment of the invention, all points on a wire segment may - -
not be coincident to ensure that each face has a non-zero length and a defined direction.

Figure 3 illustrates a wire 300 that is constructed from a wire segment 302 and a wire

30 segment 304 that is joined to wire segment 302 at a 45° angle according to an embochment of
the invention. Wire segment 302 is constructed from a first directed edge 306, that constitutes
the left face of wire segment 302, and a second directed edge 308 that constitutes the right face
of wire segment 302. Wire segment 302 also includes a first end face 310 and a second end
face 312. Both directed edges 306 and 308 point in the (down) direction. Hence, wire

35 segment 302 also points in the (down) direction.
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- diagram o ut er stem on, whi ch, enbodi of
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: THE PREFE@B&Q&@C@L&\@QT A novel approach for representing

.~ polygons in an IC layout is described. In the foll owi ng description,

for the purposes of explanation, specific details are set forth in order to
- provi de a Zyhor obgh Strdtarest andi ng of the invention. However, it wll be

n ) ; ) ‘i

Getai e, In ot napcortios R SRR ReFEY R GnBhAGh, el b Blodr 3R BBER ' ©

depi ct ed iprovided fordeprgsenting polyigons imrali; layoutsasdllustratnddrydiSigres ki - 4G.

obscur 0ng A&:%réh é%‘&ﬁ@&nbod r?%t %‘tﬁ%ﬁ@ﬁka@‘/ﬁw dnkn an IC layout is regresented b
Ve

" Generally, according to_an e ment_ of the i tion, the
1 C layout @® orgneredafsse Sfaph Bdrely reprreenied iy oBe fF MO Y"Hﬁtseﬁfl%m% it cach
5 ][ epr esent q@pﬁxerge&w tﬁ pHi?ro? diredted liﬂﬁf%ﬂie}tsn OEach “gi?ébgrsritétrlf ?{fﬁﬁi&?ﬂie wize fror med
i erarchy WeiChiGeeauAmeR A R A TG eBRe REOD B SRS Hofin o, givee
~ segnents agfbference to@i singglé adrelsepaerstegentire polfigen detycbedbcated andemimipulatedhy i s
- used dﬁr ing 1C klag)ﬂgeuiA ?Hlﬂ-,ttrgﬁ% iﬂ%e dtext of a point data structure 400 according to an
embodiment of the invention. Point data structure 400 specifies the location of a point in an
IC layout by specifying X and Y coordinates (X COORDINATE, Y COORDINATE) for a
point on an IC layout.
Figure 4B illustrates the contents of a dlrected line segment data structure 410.

20 Directed line segment data structure 410 specifies both a first end point (END1) and a second
end point (END2) of the corresponding directed line segment. Directed line segment data
structure 410 also specifies a direction (DIRECTION) of a directed line segment. As
previously described, a directed line segment may be directed in any one of eight pre-defined
directions as illustrated in Figure 1.

25 Directed line segment data structure 410 also specifies an ortho flag (ORTHO) and an
octant flag (OCTANT). The ortho flag is a BOOLEAN flag that indicates whether a directed
line segment is directed at an angle that is a multiple of 90° while the octant flag is a
BOOLEAN flag that specifies whether a directed line segment is directed at an angle that is a
multiple of 45°. According to one embodiment of the invention, if neither the ortho nor octant

30 flags are set, then the directed line segment is oriented at a “odd™ angle, i.e. other than 45° or
90°, that in some circumstances requires floating point arithmetic to compute coordinates of
the directed line segment. :

Figure 4C illustrates the contents of a wire segment data structure 420 that specifies a
left edge (left EDGE) and a right edge (right EDGE) of a wire segment. Both the left edge and
- 35 theright edge each reference a directed line segment data structure 410. Wire segment data
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per f or m vahy@odnsegnecks on the IC | ayout. 30 DETAI LED ge¥ris9s2gioN

1) Canonical Oientation. As illustrated in Figure 1, ]
canoni cal orientation refers generally to the direction of IC | ayout
geonetry with respect to a predeterm ned orientation key 100. According to
one - 6-

enbodi nent of the invention, IC Iayoms‘geomet ry may be oriented in one of
ei ght canoni cal orientations, each canonical orientation representing

o1 oceed el s Reli s Bieske o s St i e (MBI RIS

Ir i ]9[1'; ), mdlthﬁmrkwo(lsime segmgitt()’RE‘(le@WSl) WIRE SEGMENT) jn thé Mefe, foraring 4 dqmbly _
e In a
canon cdimkss fih, The v et 8ita btgrbee GRARY ind SARRcEeSh A Rl 0 2, ¢
al so degredeterthined \tadum indicate ﬂnhﬂxﬁuw segmentdges mot yréference a previgupWire as

11 uSLr Segflent Kﬁ‘,ggﬂgﬁ%% ot egiryagﬁﬁég G ite ifR0R, FRULDAIYs B AL 8. 202

I ment e I nvention, the canoni cal
or i ent athredetermingd ealugs Iy ghe ware segmerﬁ tystvFe for éhedastiviresegatent. i

poi nt Zgﬁrﬂﬁeﬁlﬂe,@% dé‘detérfhaﬂeﬁ&raﬁi%do ﬂithéﬁte ﬁﬁ?theWitsteginieﬂﬁOEQnoﬁ%éﬂmb a200 is
i r oot | GGG pEment. ANpeuh i mubodiBent oty fate ARisnEe 4ol s AStreadbotn | n
whi ch a dontet s£daubly linkeddist,: doubly linked list is not required. :
10 Wire segment data structure 420 also contains a reference to a parent wire (PARENT
WIRE) that contains the wire segment as well as a reference (BRANCHING) to a branching
data structure which is relevant if an exposed end face of the current wire segment touches a
side face of another wire to form a branch. The contents of a branching data structure are

described hereinafter. Branching data structures are not allocated to wire segments that do not
15  have branching, in order to save memory.

Figure 4D illustrates the contents of a wire data structure 430. Wire data structure 430
specifies a reference to a parent polygon (PARENT POLYGON) as well as a branch number
(BRANCH NUMBER) that identifies the wire. Wire data structure 430 also species a.
bounding box (BBX) that encompasses all of the wire segments of the wire. A bounding box

20 allows quick region query checks such that even if a wire is returned by a region query, if no
wire segment in it is close enough to the query point, then no segment in the wire need to be
checked. According to one embodiment of the invention, a bounding box (BBX) is
implemented as four integers corresponding to the left, bottom, right and top coordinates of
the bounding box. '

25 Wire data structure 430 also includes a reference to the first wire segment (FIRST
WIRE SEGMENT) and the last wire segment (LAST WIRE SEGMENT) in the wire as well
as a reference to a wire attached to the first end (WIRE ATTACHED TO FIRST END) and a
wire attached to the second end (WIRE ATTACHED TO SECOND END).

Figure 4E illustrates the contents of a polygon data structure 440 that specifies a

30 bounding box (BBX) and an array of branch numbers (ARRAY OF BRANCH NUMBERS)
that specifies all of the member wires of a polygon by branch number, as previously described
with respect to wire data structure 430. According to one embodiment of the invention,
polygon data structure 440 also includes a reference to the corresponding process layer
(LAYER) for the polygon as well as a polygon number (POLYGON NUMBER) used to
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rexanpl e, if- qQiyogpRegwt 204 is below and left of end point 202, poewSHEE2819
canoni.cal orientation of | i ne segnent 200 woul d be (down, left). In
‘addition, point 206 is positiened to the left (left). of | i ne segnent
200 while point 208 is positioned up and to the right (up, right) of line
segnent 15 200. This approach is useful for determ ning whether the

spaci ng between |ine segment 200 #hd point 206 satisfies a set of

pr edet er mi ned spaci ng crl terl a as described hereinafter.
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coi nci dent LASTaight BRANEH) &nha mmesegmsnta Thanisz these data strictunectleaments fefierdnce
di t

const r uct ssip Sranghing gttt Spirkicliah e Serioal olicb wird e pts which

j oi ned to imtersect sitheshat mezsm@t a5 poe of itssidese According ﬁgaft gm lm‘iﬁﬁthﬁnt of
the i nvent jQpnad Ry ﬁﬁﬁmfb%%?ch@nw %éta&yaiea% Ersfa@fécefdfraswuel séRsde huedae

306, that constitutes ace W [ e segment 2, and a second
di rect &Y eargcbfaseefwalter\é@héwmﬁt%{é ppgﬂ@exf\gggsegrgent of WI re segment

302. Wre segnmemigud4Gallagratdscheidasterts bf 4 side brunching etradtﬁreemb thatsspecifids end

face 312. Bqth directed edge h hrecti

ence, i r BHggnee gkt seipann( GRS WERE PN whRS it PRIBH g brih! ddonea
to the parent wire segment as well as the line segment (PARENT LINE SEGMENT) in the
parent wire segment to which the other wire segment is attached. Side branching structure

20 460 also specifies whether the other wire segment attaches on the left side of the parent wire
segment based upon a BOOLEAN flag (ON left EDGE). Side branching structure 460 also
includes a reference to the next side branch (NEXT SIDE BRANCH) and previous side branch
(PREV SIDE BRANCH) data structures as well as the first side point (FIRST SIDE POINT)
and second side point (SECOND SIDE POINT) that specify the locations on the parent wire

25 Segment where the other wire segment attaches. The side points aid in sorting the side branch
lists; the first side point is closer to end1 of the parent wire segment.

The aforementioned data structures are now described with reference to Figure 5 and a
polygon 500 constructed from three wires, WIRE A, WIRE B and WIRE C, according to an
embodiment of the invention. Each wire, WIRE A, WIRE B and WIRE C, consists of a single

30 wire segment identified as WIRE SEGMENT A, WIRE SEGMENT B and WIRE SEGMENT
C.

WIRE SEGMENT A is constructed from two directed line segments a, and a, that are

both directed in the (up) direction, as indicated by the direction arrows. WIRE SEGMENT B
is constructed from directed line segments b, and b, that are both directed in the (left)

35 direction. WIRE B is joined with WIRE A at directed line segment a, at a location defined by
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-7- | ”y\l!re segnent 304 is constructed froma firghy %&Pd
edge 314 and g’%second directed edge 316. Both directed edges 316
are oriented in the (down, right) direction, thus maki ng wi re segnent’

304 oriented in the (down, right) di rection. Wre segnent 304 includes
a first end face 312 that is coincident wwth the second end face of wre
segment 302, and a 5 second end fac&0318. 2) Data Structures
Accordi ng to an enbodi ment of the invention a novel data structure

architecture is rovided for representjng polygons in a |IC |ayout as
i | | ust r apeintsisy ad gurWEREA‘ MW@ISA@@M raderﬁeteakssmmswn

I nvent | CEJmath £8 bbthfiteédiin te @itghig direétion! TWIRE CR{i SWIRE @ étydirected lﬁiéﬁsegxhdiﬂ)L e
Wi res ach wire esente eac
repr esen?:e?&aIS‘}FagmbaFﬁ e@fbycﬂq‘%téteeﬂ%al §° ‘b‘ﬂ%ﬁ?’%es @h%@%‘?ﬂn the
r ef er encesntéi€ofWIREIA] WIRE BiiidoWIRE O, sespeutivelypentl bouhdaboxBBX, defines ereces
—a polygon in which it is contained. Thus, given a reference to a

Si ngl% MB’E%M8,°’§®enti re polygon may be |ocated and mani pul ated. 15
Fi gure 4A il | Astordingso bheembodiment of theinyentinn, dli ofithetwigestin apolygonabareradi ng

PRI lcai*g$8é1w&“p& exhiifle] f%\“%’ia%ﬂ'argwggb%dﬂtﬁtﬁé S g bRy fes

t he Ioca specitying
coor di nacmmgmxscmmwt@moal cloraterigtivs:) F‘?fcﬂmﬁlef polygorp gWirgsmay nptshagg o ut

Figure 4 skéSP%sBakﬁ&; fb’ﬂ?mﬁ? B& eRbgicafly eoxﬂ;'e&eetfsﬂe)lmﬂﬁe ffBeeRNe ofdlpioup of
structur Drect ata,structyre 410 s eC| |es bot h

n nmen
a fil%t eemagthi A thergpsrhan g’rﬂjseé@ﬂl’ By Le ?081?%‘1‘@! g “&‘ENBE}” BOR REcause
cor r espopflihe Gofivenfice 6 hivisg Segwitts sHare £sihgld polyzens Fgneximpletegen though

not physically or electrically associated, all of the polysilicon gates on a diffusion island may.

be included in a single polygon because of the convenience of manipulating all of the
polysilicon gates on a diffusion island together.
15 The set of data structures generated to represent polygon 500 accordmg to an
embodiment of the invention are illustrated in Figures 6A-6E. Figure 6A illustrates a poljrgon
data structure 600 for polygon 500. Polygon data structure 600 specifies that polygon 500
contains three wires: WIRE A, WIRE B and WIRE C. Polygon data structure 600 also
specifies that polygon 500 represents diffusion layer geometry and has a polygon number of 1.
20 A wire data structure 610 is generated for WIRE A. Similarly, wire data structures
. 620, 630 are geherated for WIRES B and C, respectively. A wire segment data structure 640
is generated for WIRE SEGMENT A. A wire segment data structure 650 is generated for
WIRE SEGMENT B. Finally, a wire data structure 660 is generated for WIRE SEGMENT C.
Similarly, branching data structures 660, 670 and 680 are generated for each wire segment. In
25 addition, two side branch data structures 690 and 695 are generated for WIRE SEGMENT A,
since WIRE B and WIRE C connect w1th WIRE A along directed edge a, of WIRE A.

Figure 7 illustrates a polygon 700 constructed from two wires 702 and 704 according
to an embodiment of the invention. Wires 702 and 704 are constructed from a set of wire
segments which are each constructed from a pair of directed line segments. The direction of

30 the directed line segments is indicated by arrows 706.

Polygon 700 includes several different types of IC layout geometry constructed using
wire segments, which, according to one embodiment of the invention, represent either
polysilicon or metal layer geometry. A contact enclosure 708 is connected to wire 704 viaa
jogged path 710. Wire 704 includes an octagon-shaped contact enclosure 712 that is

35  constructed from three wire segments 714, 715 and 716. In accordance with an embodunent
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structure 4Moabassespeci fies a direction (D RECTION) of a dir ROTAISIS2AH9
segnent. As + previously described, a directed |line segnent may be
~directed in any one of eight pre- def i ned directions as illustrated in
Figure 1. 25 Directed |line segnment data structure 410 al so
specifies an ortho flag (ORTHO and an_yq_ octant flag (OCTANT). The
ortho flag is a BOOLEAN flag that indicates whether a directed l'ine
segnent is directed at an angle that is a nmultiple of 90[err] while the
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: diffusion island 8 0 one polygon contains all of the diffusion areas 802 and is constructed
from a wire segment 812, a wire segment 814 and a wire segment 816. Another polygon
contains all of the polysilicon areas 804 and is constructed from four wires, one for each
polysilicon gate. Another polygon contains all of the contacts 806 as well as contact 810

15 contained in well tic 808. Contacts 806 may be defined in a single polygon due to their
common electrical characteristics or alternatively, may be defined as separate polygons. For
example, if a polysilicon gate has more than one contact on a side, the contacts on that side

may be represented as one polygon, with one wire per contact region (rectangle/octagon etc.).

20 3) Use Of Data Structures During IC Layout Synthesis
According to an embodiment of the invention, the data structures described above are

used during IC layout synthesis to verify that certain characteristics of a layout such as
polygon widths, spacing and contact enclosures satisfy predetermined design rules. The
concept of canonical direction as described herein is an important aspect of this type of

25  verification because it helps to minimize the number of full checks required in the layout. In
the context of IC layout verification, a full check refers to the process of checking all sides of -
a polygon with respect to another object contained in the IC layout, as differentiated from
checking, for example, only the closest side of the polygon to the other object.

30 a. Determining the Canonical Direction From a Line Segment to a Point
According to an embodiment of the invention, up to three half-plane checks are used to
determine the canonical direction from a directed line segment to an arbitrary point. The first -
half-plane check determines whether the arbitrary point is to the left, right or on top of the
directed line segment. The second half-plane check determines whether the arbitrary point is
35 above or below the first end point of the directed line segment. The third half-plane check
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predeterm naghgenbess to i ndicate that the wire segnent does neprhRb@iRiye a
previous wre 5 segnent. According to one enbodi nent of the invention, a

NULL val ue is used as t.he predeterm ned value. Simlarly, the wire
segnent data structure for the last wire segnent in a wre specifies a
predeterm ned value to indicate that the wire segnent does not reference a
next wire segnent. Although an enbodi TM#nt of wire data structure. 420 is

described in the context of a doubly linked Iist, a doubly Iinked I|ist
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boundi ng box. Ferexample, figure Y ilusirates addirepted dine segzuens PQQ thahis defiaed hy a first

by egc?}‘é‘?}?*‘tﬂ%‘é’?&ﬂﬁﬁm‘?“ﬁﬁ?ﬁmﬁf HigaFeas around WrEed B Bghent 900 | 1 | 25t
W S
O Eo e Y IO0 g Rutel iy eibenToRly Btse 06 defings tirs thakis b

. S
to alhir SOHFP, Bﬂé‘ﬂmi‘%“?t}?@%g\/&
W re att fap)ewith respeve tosdivssted lmedegénRO0AT Pac-BUR definSE GNP BidDjs up and right
Fi 4F t I Cd : t
Spect 11 oful g gt e %%E“i%%g& S8HREL 0y Bl WhalE MAOSITL
OF BRANCEESREMBERIcted line segment &42 gdefinesfantares thatip dewnjand sight (dawn, -
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wire data structure 430. "Accor di to_one enbodi nt of i nvention
20 to directed llilne segment §A(§O Area 896 defines an area t atquown anci {]e% (down, left) of

directed line segment 900. ‘Area 918 defines an area that is to the left of directed line segment

900. Finally, area 920 defines an area that is up and left (up, left) of directed line segment

900. . : o . _ ’

To determine the canonical direction between an arbitrary point 925 and directed line

25  segment 900, up to three half-plane checks are used. The first half-plane check determines
whether point 925 is to the left of, the right of, or'on top of directed line segment 900. As
illustrated in figure 94, pbint 925 is to the left of directed line segment 900. This means, that
as of the completion of the first half-plane check, point 925 could be located in areas 916, 918
or 920.

30 The second half-plane check determines whether point 925 is above or below first end
point 902 of directed line segment 900. The result of the second half-plane check indicates
that point 925 is above first end point 902, meaning that point 925 cannot be located in area
916 and must be located in either area 918 or area 920. The third half-plane check determined
whether point 925 is above or below second end point 904. As illustrated, the second half-
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particul ar process | ayer. }gure 4F illustrates the contents of
a branching data structure 450 used when a branch is formed in a
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polygon need to be checked against the point. Up to four checks of the canonical direction

from segment faces to the arbitrary point are performed to determine the canonical direction
from a wire segment to a point and resolve any ambiguity attributable to whether the point is
located inside or outside the wire segment.

15 Figure 9B illustrates a wire segment 952 that is defined by a left face 956, a right face
958, a first end face 960 and a second end face 962. The areas around wire segment 952
correspond to orientation key 100 of Figure 1. Specifically, area 964 defines an area thatisup
(up) with respect to wire segment 952. Area 966 defines an area that is up and right (up, right)
with respect to wire segment 952. Area 968 defines an area that is right (right) with respect to

20  wire segment 902. Area 920 defines an area that is down and right (down, right) with respect
to wire segment 952. Area 972 defines an area that is down (down) with respect to wire
segment 952. Area 974 defines an area that is down and left (down, left) with respect to wire

- segment 952. Finally, area 976 defines an area that left (left) with respect to wire segment
952. Area 978 defines an area that is up and left (up, left) with respect to wire segment 952.

25 - For example, suppose the canonical direction from wire segment 952 to a point 980 is
to be determined. A first canonical direction check of point 980 with respect to left face 956 is
performed to determine whether point 980 is to the left, right or on top of left face 956. In this
situation, the first canonical direction check indicates that point 980 is to the right of left face
956. Thus, based upon the results of the first canonical direction check, point 980 must be

30 located in area 964, 966, 968, 970, 972 or within wire segment 952.

' A second canonical direction check of point 980 with respect to right face 958 is
performed to determine whether point 980 is to the left, right or on top of right face 958. In
this situation, the second canonical direction check indicates that point 980 is to the left of
right face 958. Thus, based upon the resuits of both first and second canonical direction

35  checks performed, point 980 must be located in areas 964, 972 or within wire segment 952.
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in area 964 or located within, or on top of, wire segment 952.

=]

‘The canonical direction from the wire segment faces to arbitrary point 980 is used to
15  ensure that areas 964, 966, 968, 970, 972, 974, 976 and 978 do not narrow as the distance
from arbitrary point 980 to wire segment 952 increases. This can occur whenever the angle
between two adjacent faces is greater than 90°. '

c. Spacing Checks

20 According to an embodiment of the invention, an approach for performing spacing

‘checks between polygons constructed using wire segments and canonical direction is

provided. Figure 10 illustrates an IC layout 1000 that contains a diffusion island 1002 and a
diffusion island 1004. Diffusion island 1002 includes a polygon 1005 that represents diffusion
geometry and is constructed from a single wire segment. Similarly, diffusion island 1004

25 includes a polygon 1009 that represents diffusion geometry and is constructed from a single
wire segment. '

According to an embodiment of the invention, performing a spacing check between
parallel, overlapping edges of wire segments is accomplished by comparing the orthogonal
distance between the wires to the minimum spacing required by the applicable design rules.

30 For example, performing a spacing check between polygon 1005 and polygon 1009 involves
computing an orthogonal distance between points a, and a, on directed line segment a, and
points b, and b, on line segment b, and then comparing the computed distance to the minimum
spacing specified by the design rules. If the computed distance does not satisfy the minimum
spacing specified by the design rules, then one of the polygons 1005 or 1009 must be moved.

35 For example, if the spacing between polygon 1005 and polygon 1009 does not satisfy the
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must be moved to satisfy the minimum spacing requirements must be determined. According

(@ 7/

20 to an embodiment of the invention, a novel approach is provided for determining the distance
to relocate layout geometry to satisfy a spacing requirement. Generally, the approach involves
constructing an “exclusion zone” around layout geometry to define the minimum separation
that must be maintained between that layout geometry and other layout geometry to satisfy the-

- minimum spacing required by the design rules. This approach is not dependent upon any

25  particular data structure architecture. If a point that is part of the other geometry is within the
exclusion zone, then a spacing violation exists.

As illustrated in Figure 11, a wire segment 1100 is at least partially constructed from
two directed line segments 1102 and 1104 that meet at a point 1105. To construct the
exclusion zone, two lines 1106 and 1108 are constructed along the direction vectors of line

30 segments 1102 and 1104 at a separation from directed line segments 1102, 1104 to meet the
design rule. Lines 1106 and 1108 are formed by moving outward from point 1105 in a
direction perpendicular to the direction of directed line segments 1102 and 1104. If directed
line segments 1102 and 1104 are perpendicular to each other, then a third line 1110 is
constructed that connects lines 1106 and 1108. Lines 1106, 1108 and 1110 form an exclusion

35 zone 1112 around wire segment 1100. If directed line segments 1102 and 1104 are
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and rounded up to the next integer value to provide the manhatitan distance necessary to obtain
the required cartesian distance. '

The approach for relocating a wire segment to satisfy a spacing requirement according -
to an embodiment of the invention is now described with reference to the flow chart of Figure

15  12. After starting in step 1200, in step 1202 two lines 1106 and 1108 are constructed along
the direction vectors of the two-line segments that make up the wire segment. In step 1204,a -
determination is made as to whether the directed line segments 1102, 1104 are perpendicular.
If so, then in step 1206 a determination is made as to whether the directed line segments 1102,
1104 are orthogonal. If the directed line segments 1102, 1104 are both perpendicular and

20 orthogonal, then in step 1208, the manhattan distance is used to position a third line 1110 with
respect to two constructed lines. _ _

If, on the other hand, in step 1204 a determination is made that the directed line -
segments 1102, 1104 are not perpendicular, then the exclusion zone comprises the directed
line segments 1106 and 1108 and the process is complete in step 1214. However, if in step

25 1206, a determination is made that the directed line segments 1102, 1104 are not orthogonal,
then in step 1210, the location of the third line 1110 with respect to the first two constructed
lines is based upon the minimum cartesian distance (product of the square root of 2 and the
manbhattan distance, rounded up) specified by the design rules.

Then, in step 1212, the third line 1110 is constructed and positioned between directed

30 line segments 1102 and 1104. The process is complete in step 1214. This approach may also
be used to check and correct polygon widths and contact enclosures.

d. Generating Polygon Output
_ According to an embodiment of the invention, the capability to generate polygon
35 output based upon the data structure hierarchy described herein is provided. This approach
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b, points a, and b, can be eliminated, effectively generating a single left face along wire

20 © segments 1302 and 1304. Similarly, since points b, and c, are coincident, they can be replaced
with a single point. Figure 13B illustrates a polygon representation 1308 of wire 1300 of
Figure 13A after colinear sets of points have been combined according to an embodiment of
the invention.

Some polygon manipulation processes define a maximum number of polygon points

25 perpolygon. In this situation, the number of segments that may be traced according to this
approach is limited to the maximum number of allowable polygons divided by four. If the
number of wire segments exceeds this number, for a given wire, then additional polygons are
used to represent that wire.

HARDWARE OVERVIEW

30 Figure 14 is a block diagram that illustrates a computer system 1400 upon which an
embodiment of the invention may be implemented. Computer system 1400 includes a bus 1402
or other communication mechanism for communicating information, and a processor 1404
coupled with bus 1402 for processing information. Computer system 1400 also includes a main
memory 1406, such as a random access memory (RAM) or other dynamic storage device,

35  coupled to bus 1402 for storing information and instructions to be executed by processor 1404.
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Speci f i cilcludingdifitandfferid ahd bher Réyspis@auplbdto ik 1402 for communicating information
10 and command selections to processor 1404. Another type of user input device is cursor control

1416, such as a mouse, a trackball, or cursor direction keys for communicating direction
information and command selections to processor 1404 and for controlling cursor movement on
display 1412. This input device typically has two degrees of freedom in two axes, a first axis
(e.g., x) and a second axis (e.g., y), that allows the device to specify positions in a plane.

15 - The invention is related to the use of computer system 1400 for representing polygons -
in an IC layout. According to one embodiment of the invention, the representation of
polygons in an IC layout is provided by computer system 1400 in response to processor 1404
executing sequences of instructions contained in main memory 1406. Such instructions may
be read into main memory 1406 from another computer-readable medium, such as storage

20 device 1410. However, the computer-readable medium is not limited to devices such as
storage device 1410. For example, the computer-readable medium may include a floppy disk,
a flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-ROM, any
other optical medium, punchcards, papertape, any other physical medium with patterns of
holes, a RAM, a PROM, and EPROM, a FLASH-EPROM, any other memory chip or

25  cartridge, a carrier wave as described hereinafter, or any other medium from which a computer
can read.

Execution of the sequences of instructions contained in main memory 1406 causes
processor 1404 to perform the process steps previously described. In alternative
embodiments, hard-wired circuitry may be used in place of or in combination with software

30 instructions to implement the invention. Thus, embodiments of the invention are not limited
to any specific combination of hardware circuitry and software.

Computer system 1400 also includes a communication interface 1418 coupled to bus
1402. Communication interface 1418 provides a two-way data communication coupling to a
network link 1420 that is connected to a local network 1422. For example, communication

35 interface 1418 may be an integrated services digital network (ISDN) card or a modem to
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the signals on network link 1420 and through communication interface 1418, which carry the

15  digital data to and from computer system 1400, are exemplary forms of carrier waves
transporting the information.

Computer system 1400 can send messages and receive data, including program code,
through the network(s), network link 1420 and communication interface 1418. In the Internet
example, a server 1430 might transmit a requested code for an application program through

20 Internet 1428, ISP 1426, local network 1422 and communication interface 1418. In
accordance with the invention, one such downloaded application provides for the

“representation of polygons in an IC layout as described herein.

The received code may be executed by processor 1404 as it is received, and/or stdred
in storage device 1410, or other non-volatile storage for later execution. In this manner,

25 computer system 1400 may obtain application code in the form of a carrier wave.

Although embodiments of the invention have been described in the context of IC
layouts including transistors for illustration purposes, the invention is applicable to IC layouts
including any type of integrated circuit components or devices, such as resistors, capacitors,
logic gates, or any other type of IC devices.

30 The invention provides several advantages over prior approaches for representing
polygons in an IC layout. First, even the most complex geometry can be represented using
wire segments, including octagon-shaped contact enclosures and irregular-shaped diffusion
islands. Also, representing polygons using wire segments facilitates geometrical analysis such
as spacing and enclosure checking. Wire segments are convenient for geometric analysis

35  because most of the exposed polygon edges are known and width, spacing, and enclosure
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enmbodi negchecks$ aretwalid mlmwhm,pphegrm msesds:qbym edges. {Manyjef the honzongal edgest he

oo 1 agoin SpA@Sist 8P unbplies atd dcfoghy i o ﬁ@@éga. , B o Rhalptis W1

four cheBust @wemélgemmeé@rt ta.ﬁném griernal edgp$ IS SEHBAALS Cat also reprasprt

arbitrar yhaaylcahnﬂﬁﬁaﬁﬁﬁ ﬁﬁ?hﬁr&h&nﬁﬁﬂ@ﬂlﬁ euck bs BielekSlision
froma wire segrrent nd re

ol..nt ui attributable to
Whot tor "41) 36 B inplementsa B, O Exarinia Ty iies et ity hie A tegtikanent 1o
Fi gur e 9that its widthdidarger whencthe gapapolygbh is m'Mtsmgatdnfangbd Begawseltief gaté ace

956, Q

062, TheP@lVan Mioumesed iy of witelsblmBhi, it RS i brBite fiSRICHT s KncddSS,
100 of Fiegment baslsbjeghdckmslthg/lmasesmegsdlrmmmw qnumgeﬁnemsmaratmmp larger _
(up) wi tbvh%ﬁ?ﬁh‘?ncén éa)aws ﬁ&l-a%gt%ﬂm A wifd ggm%ﬁ@a dcﬂ%fso%blﬁfa rkl é%s up

and ri resp ect segnent rea

def | h@s gass'aﬂl@,canq apalysis suchgs rf(srstgm:f hegking Yecaysedhe less' of awre sﬁgmen@s aljlewnt

902. Ar e&&%ﬁs@ﬁéd maatoaﬁee@l&imd cﬂgmaﬁﬂrersegxh&m(@pmch is 8 wellv t h
respect W regfem%P@H 952. re 972, defines an area that, is down

( down) witited fox g%‘eg m ini compuyt arghecanse Wire SPEMERIS ARSI, or ea
that i s depsescated ih dith s(roctures. Thé advantagh of edreaegments i that they are o oboser D52.

Finally, | re
e GO RS sl b e el A oS kel S
wi t h1§ es fese stractyiies,cand digiamch dess likely that the shape of-an olamtmpn@ obyigusefer t he
canoni Cahﬁbﬁtﬁgdrﬂ’?oﬁémda& fARAREL Wak wap 16%%3% éssammorc
det erm ne | rst canoni ca dlrectd&n check of tP n g ‘%t res ect to
left f ac dheppdygan shape can cause the trapezoid data structures to be modified all the way on
other side of the polygon, making it difficult to work with a polygon as a unit."
In the foregoing specification, the invention has been described with reference to
20  specific embodiments thereof. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spirit and scope of the
invention. The specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive sense.

SUBSTITUTE SHEET (RULE 26)



per f or med t oWORIS3MINe whet her point 980 is to the left, right PET/USHB228Y of

|l eft face 956. In this situation, the first canonical direction check

i ndi cates that point 980 is to the rlght of left face 956. Thus,

based upon the results of the first canofl cal direction check, poi nt 980

must be 30 located in area 964, 966, 968, 970, 972 or within wire segnent

952. WHAT IS CLAAVED ¢§:d canoni cal direction check of point 980 with

respect to right face 958 is perforned to determ ne whet her point 980

is to the left | face9 ssxt tlon

the second canéﬁPE&f“Eeﬁ FY%‘E‘Pl %&F%‘EP@?’I %ﬁ‘{n %M‘%@&q

| eft of layglttthba:ompﬁfa%sysﬁms:mﬂpasmg upon the results of both fi rst

and second canénh%b(}g@tlon 35 checks perfornmed, point 980 nust be

| ocated in are or within wire segnent 952.

SUBSTI TUTE SHEE)To(lﬂQLmoga)rocessors coupled to the memory,

-14- H@Hl q%ql
Wherein ace cg'g%ﬂ et Slf g e?génmgﬁéecmv?ﬁet heér%ﬁgor

respect to first end ol nt
980 is to the left, m°F‘?gPR°°?ﬁ5°’E§n°§“§?)ﬂt9f°nP|°F§1°1'%H’EP°F%§9€§t9 @grform the steps;

situation, the th|r 3{01 thﬁtdéﬁEodiit@@{mm ok &hiﬂ?éﬁrems&%@ms
to the Ieft of f| rst, en ral?ce 960. e-mgfrtﬁf E{:ﬁq bas ? e results
of the three canonical dAFEEESIGHeIFRIEsED! By iYyous i’r?ﬁ%l a]fepq YR in
area 972, or (down) wthrepeeqeﬁteﬂbymnmormmewmmhma& For the

part i cul ar scenari o ust  daserietl BB bor RiRGeRR MR bl bl Shbds 3a SBSEHS

wer e

at least one reference to the polygon data, wherein each wire is
represented by one or more wire segments.

2. The computer system of Claim 1, wherein the set of instructions includes instructions
for

a) generating wire segment data that both represents the one or more wire
segments for each wire and contains at least one reference to the wire data,

b) generating at least one reference in the polygon data that references the wire

data, and
c) generating at least one reference in the wire data that references the wire
segment data. '

3. The computer system of Claim 1, wherein
each wire segment is represented by two directed line segments, and
the set of instructions includes instructions for generating directed line segment data
that represents the two directed line segments for each wire segment.

4, The computer system of Claim 2, wherein

the step of generating at least one reference in the polygon data to the wire data
includes the step of for each wire represented in the wire segment data,
generating a reference in the polygon data to data in the wire data that
represents that wire, and

the step of generating at least one reference in the wire data to the wire segment data
includes for each of the one or more wires generating a reference in the wire
data to both the first and last wire segments contained in the wire.

D R O 0
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required toWmamaegiously determine the canonical direction fipggnoys: isfb
segnment to a point However, in sone situations a fourth canonica
direction check is required to def i phtively determ ne the canonical -
direction between a wire segnent and a point. For exanple, where 10 the
third canonical direction check of point 980 with respect to first end face
960 i ndi cates that point 980 is to the right of first end face 960,
then a fourth canonical direction check of point 980 with respect to
second end face 962 is required to determ ne whether point 970 is | ocated
in area 964 or located within, or on top of, wire segment 952.

TR 22008, 2L THEESEHARP P bl elRTRIL 08 el Yo i S50

do not nar r owthet spesifiesiveiresegments associateshwith Gpanegted Wistsnt 980 to wire

'segnent 952 increases. This can occur whenever the angle bet ween two
adj acent faces is greater than 90[err] Spaci ng Checks 20
Accor di n§: to Arcommienisadabl “(ﬁle‘?lHE‘ SRV seehencaﬁofglam@ns Jreepenting Aflaig

spaci ng réphieetitation b @e ety d emumysﬁtr me Tsaﬂ.leﬁédsﬂﬂ mm:eusmmmaﬁxgan d

i cal d F t | C |
1000 t hat  contuirhtans eyl R EniRtpy opEbtaereprocesisi gBheaf the Pk
1004. Diff usi processbestd peffoén ithecdtepsed: a pol ygon 1005 that represents -

S lar iy, di P gEEERoIiih B Efethiel ifith pAIoERiEnal ARGty & BortiiC™""
represents diffusi dﬂwg@dmbprrspramteiddoydbﬁ&iayoubwherwm polygonds represenwir e

segnent . by oné6FRioft Wited, @andN enbodi ment of the invention,
performng a g}oam ng check betwe paral | el , overl appi ng edges of

wire segnent sb)] SeBIRIRHVITE Hald %%eahﬁsam%s theeons o mage Wates and Contains atlaast
bet ween the W res bfe tdf&emetbmrp&pmi dda, velfbrdin @aciDwiré Derepitptriteédby 6nél@si gn

rul es. For eXﬁ% entm ng a spaci ng check between pol ygon 1005
and pol ygon 1009 i egm ‘conputi ng an orthogonal distance between
points aferr] and a[err] on directed |ine segnent .a, and poi nts

blert] and bl ohé boubt RRdaR0 IR nbor el SRR KA LCo GRIRISES |

distance to t spacl ng specl
conput ed di st andBClydemsEBeions oISty t he ni ni num spaci ng specified by

the design ruhpgendrittip Wite s€imént @atd Ghat BOfSrepfeSEntOthe AL Ir Mosé wire sERMExts
for each wire and contains at least one reference to the wire data,
b) generating at least one reference in the polygon data that references the wire data,
and
c) generating at least one reference in the wire data that references the wire segment
data.

8. The computer-readable medium of Claim 6, wherein
each wire segment is represented by two directed line segments, and
the sequences of instructions include instructions for performing the step of generating
directed line segment data that both represents the two directed line segments
for each wire segment and contains at least one reference to the wire segment
data.

9. The computer-readable medium of Claim 7, wherein
the step of generating at least one reference in the polygon data to the wire data
includes the step of for each wire represented in the wire segment data,

SUBSTITUTE SHEET (RULE 26)
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35 For exanpP2%2360% ( he spacing between pol ygon 1005 and pol ygP@T/USIER28 s
- not satisfy the
. -15- m ni mum spaci ng specified 23 the design rules, then pol ygon
~ 1005 may be noved in the down direction to increase the spacing
- between pol ygon 1005 and pol ygon 1009. Alternatively, pol ygon 1009 may
- be.noved in the up direction. For conputing the spacing between
; non-overl apping wires, the closest comers 5 between the two wires are used

| and i nstead of an ort onal di stance - Or ttan
~distance is used. Theg"t“g ﬁ%{?’&ﬁ‘fhﬂ’&l’& ‘%‘faeﬁgs‘pa%om;{’ﬁwé’ieﬁ ere

' eagh uni t i's onaiepfeséntmttﬂtwune e X direction and one unit over in the
v di :
et o TS B o eIy 5k D 39 Bl e

- satisfy the m ni mum stpakudcﬁgfospm tiﬁtbdontyomverﬂjwsrﬁggenemtms anefmnosmtlwfwme
- polygons is 10 novedyjiydth 'il?e‘:ﬁfsp&dllﬂé’ttwfréség?ﬁ)é?ﬁé %(ﬁlt&lﬁe& 146ht WareOPPOSI Ng

- faces of one of the corners. exanpl e, suppose in Figure 10
. a diffusion to polysilicon spacing check is per formed between poi nt

| g[ ter r] on DlQit yggl'h xﬂ%tq'emﬁbw mgfiﬁhf of ?l&uﬁf?@ih)é&;ﬂﬂth&%&ahiyf oﬂs@@ueﬂic& afnce
etween points rr]. an e 0es sati s e m ni mim.s

- specified by the‘[’ﬁt&q}“ﬁﬁs Fl&’f"&@ rlstructgq:@ bB?r%'BH églf(ft‘?pso gr@txpgg ﬂ@at&\kkﬁt

| eft) direction spetifies @@ segmeiite assochasi witheametfelidvieds. 15 pol ygon 1010 is

directed up, and the other of the closest faces 1016 is directed right.

" Sinilarl y poI ygon 1009 could be noved in the (up, right direction).
11. A method for generating a data representation of an integrated circuit (IC) layout, the

method comprising the steps of:

a) generating polygon data associated with a polygon that represents a set of IC
devices to be represented by the IC layout, wherein the polygon is represented
by one or more wires; and

b) generating wire data that both represents the one or more wires and contains at

least one reference to the polygoxi data, wherein each wire is represented by one or
more wire segments,

12.  The method of Claim 11, further including the steps of
a) generating wire segment data that both represents the one or more wire segments
for each wire and contains at least one reference to the wire data,
b) generating at least one reference in the polygon data that references the wire data,
and
c) generating at least one reference in the wire data that references the wire segment
data.

13. The method of Claim 11, wherein
each wire segment is represented by two directed line segments, and
the method further includes the step of generating directed line segment data that both
represents the two directed line segments for each wire segment and contains at
least one reference to the wire segment data.

14. The method of Claim 12, wherein

_—
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Once a-spaci ng violation has been identified and the direction that-one of
t he pol ygog must be noved to satisfy the design rul ewsmg )
determ ned tﬁe G(?I stance t hat thenfél ygon must be noved to satisfy
t he m ni num spaci ng requirenents t be determ ned. According 20 to an
enbodi nent of the invention, a novel approach is provided for determ ning
t he di stance to relocate | ayout geonetry to satisfy a spacing

requirenent. General |y, the approach involves constructing an "
excl usi on zone" around |ayout geonetry to define the mininum separation

t hat nust be,mai nt ai ned gyout

geonetry to thes #e?f g g%@%%@%ﬁ%@%@gﬁng%ﬂ@%tﬁ% éiam gn rul es.

This approach is imludge fersteprof fomeach aviye @presenied mthmwanesganmtstataacture

architecture. If g tﬂ‘géﬁféreﬂcé Ff?o?}rgoh'ﬁtaqt)fﬁfaﬁ%ﬁr&ﬂaﬂa&hw thin the
tnen a spacing violatio

excl usion zone, exi sts
il lustrated in Fi tapresents tha Wifes asegnent 1100 is at |east partially

construct ed {HeQfap of eneﬁaﬁﬂg wlé@eaﬁéﬂréféra@esﬁw&s data@aufenﬁraaégﬁ)ehham meet

at a point 1105. "Jo con %tt!g excl usi ocf# tt 1106 and
1108 are construc!‘lé’&ldgF P PBE T BRTS BETHFE mglaﬁgegc-@c g}a t% 1102
and 1104 at a sepaitattdabﬁthfth@ﬁrsdamemmw sepmentspontdinedlih Gl wirgé04 t o neet the
design rule. Lines 1106 and 1108 are forned by noving outward from poi nt
1105 in a - direction perpendicular to the direction of directed |Iine
segnent $5.110Fhenstiotieef Cléitn 1, fertherdncluding thei step ofegenenating braooh deta that 04 ar e

per pendi cul asp o “eg%gel%gﬂ‘%hﬁ a%%git&l With tndelfe whfekO | S constructed .

t hat connect nes Li nes 1106, 1108 and 1110 form an
exclusion 35 zone 1112 around wire segnent 1100. If directed |ine segnents

1102 angg 1104n@hfthod of Claim 11, wherein

16 the step of generating polygon data associated with a polygon that represents a set of
IC devices to be represented by the IC layout.further comprises the step of
generating polygon data associated with a plurality of polygons that represent a
set of IC devices to be represented by the IC layout, wherein each polygon of

the plurality of polygons is represented by one or more wires, and
the method further includes the step of performing a validity check of the polygon data
~ includes by performing the stéps of
a) selecting a first polygon and a second polygon from the plurality of
polygons to be checked,
b) determining the canonical direction from the first polygon to the second
polygon, and
c) based upon the canonical direction from the first polygon to the second polygon,
determining whether a spacing between the first polygon and the second polygon
satisfies a set of predetermined spacing criteria.

17.  The method of Claim 16, wherein the step of determining the canonical direction from
the first polygon to the second polygon includes the steps of
a) determining the canonical direction from a first side of the first polygon to the
~ second polygon,

b) determining the canonical direction from a second side of the first polygon to the
second polygon,

¢) determining the canonical direction from a third side of the first polygon to the
second polygon, and
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.ort hogonal , Mh¥/¥enent of lines 1106 and 1108 with respect RGI/HSIBEIBYY

| i ne segnments 1102 and 1104 is based upon the cartesian wi dth, spacing
or. encl osure val ue. The pl acenent of 25 third line 1110 is based upon the
manhattan w dth, spacing or enclosures as specified by the desi gn

rul es. As t'he Manhattan width, spacing or enclosures rule increases
relative to the 5 Cartesian rule, line 1110 noves outward fromwre
segnent 1100, while lines 1106 and 1108 remain in place. Inthe limt,

line 1110 nmay nove out to the i.ntersections of lings 106 an 1108,
On the ot her hé}ld,fﬁlefcaﬁpméélt‘g’ffcp?lhg’°§’e‘§ﬁ'§‘|%§t§’°iyf@§ t%ﬁlf Sfigf%cﬂggon cautiot Bé
non-ort hogonal , tdiermined, eGSR MiniAf the cabnitdiifireation fribfiBa fiurth sidesqicthe firss

- directed line seg%s 13&2 and,1104 is 10 based upon the cartesian

" width, spacing orP 1,0 P& s5PAPdRONEM ded by the square root of two

: and rounded up to the next integer value to provide the manhattan di stance

. necessary.to obhtain egL ' ' : he
approach }%r rﬁ’g géﬁ@%dgogc%gégsggﬁéﬁﬁc@y&é@ |E S %g’sigg%c%?ﬁcm é_’ (eqtl\ﬁererel nt%en?m]-
accor di ng polygon rane fiiscgconsipolygon dassingt satisfiotie set af pre neskspagingh

reference to t J i . . ; 200
reference Lo ! BikaOlifi Batnfihe AUES of fovinkhe AcbRY poKyRGA Wit kst BRhd

[ ~anc onstructed al on A tg
direction vect §rs p@lyaonén@mepﬁl%théb@mmgtetmt%%éecuanpﬁsﬂwﬁés 9 @‘mt.
In step 1204, Bolygon thal @keE15icRE 0 tRE sdcondPER/gBR, dalising alsbsdratidietobe mbeated | ne
segnents 1102, 1 54 @e ergendi cu %rF | f $9, ttr}g I n itte .1%5)6 a.
det er ni nati on PEMvrgAhe.Grst Bolygen aud theisecqpd nolygon 1P isalis g&n‘gﬁ Serpes spacing
1104 are orthogfitesda. |f the directed line segnents 1102, 1104 are both
per pendi cul ar and 20 orthogonal, then in step 1208, the manhattan
di stance is used to position a third line 1110 with '~ respect to two
construct ¢8 | i Thae method of claim 18, whereion t he ot her hand, in st ep 1204 a

. determi nation i fﬁ@?xﬁdtfﬁﬁ%ertiﬂﬁu?ésrtﬁé:h% of H88ning an exQRAHE Béife d0d thb¥iid are

not per pendicular, en the exclusion zone conprises the di reét ed .
line segnents 1106 Aedyepndbatsperifipea prpgration fram thessrandpqlyeqs tat spsisfies the
However, if in step s@bof prédéiémminedisiating ctidéripand S nade that the directed

ocation of ¢ ndBe PR 8 MPYETIA fregRd RORESR St epeehic B ArtBofleSR it E Hteddf

! lines is based upon thitds opposite froratheatiicationipfthamee sides ofithetfirstf palygonsthatare

: root of 2 and the  cjosestto the second polygon further includes the step of moving the second

: polygon with respect to the first polygon in a direction that is opposite from the
direction of the two sides of the first polygon that are closest to the second

polygon, causing the second polygon to be located outside the exclusion zone.

20.  The method of Claim 16, further including the step of if the spacing between the first
polygon and the second polygon does not satisfy the set of predetermined spacing
criteria, then changing the size of the second polygon to cause the set of predetermined
spacing criteria to be satisfied.

21.  The method of Claim 16, further including the steps of
determining a size of the first polygon based upon a canonical direction from a first
side of the first polygon to a second side of the first polygon, and
if the size of the first polygon does not satisfy a set of size criteria, then moving the
second side of the first polygon with respect to the first side of the first polygon to
. cause the set of size criteria to be satisfied.
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nmanhatt an Wwobszess rounded up) specified by the design rul € PCT/US98/22819
Then, in step 1212, the third line 1110 is constructed and positioned _
between directed 30 I|ine segnentsyd102 and 1104. The process is conpleté
in step 1214. This approach may al so be used to check and correct

pol ygon wi dths and contact encl osures. d. Generating Pol ygon Qutput
Accordlng to an enbodi nent of the invention, the capability to generate

pol ygon 35 out put based upon the data structure hierarchy described
herein is provided. This approach

-17- 22.  (Thedhstisod éf@leim p6) wiyrein t han the al ternative approach of
generati ng oggchn‘gir%gsolg?ltﬁg&lrteq oneorm&‘f‘erv?iréﬁ'%?%ﬁs, Cenerating fewer

pol ygons reduces I red to run andl ysi s programs such as

dfesi gn rul e thesstepsof selacting a fisstpolieon and asacondsiolygen from thegplurality ofe cont ext
of conput er bAREnsRtetheBiaaiaclades the $Rp oPSélk@itps BRNwik segm@itanda -
viewi ng a | ayout gag%gr Jbecause heéﬁ gl \.gg? f. evveirﬂgaol nsh OE & he :
screen. Gener al |y Seqomd vappicgBcHt hﬂ‘&‘ R r@%pgggqeﬁﬁgmqlgsgﬁqg%c eeked, segnent
?ﬁt a st ;ﬂl;_Ct Ugl’ibsstér%f dderhhiing €hed ﬁmbdieﬂltdifepticm fronethe festtpplygonpotheisecdrdat ar e
en conbi ne to reduce t nupber of . . .(j
embodi ment of t he POIXEQRHR w’festtlhees%?%?@e‘?ermmmggé%té'&gﬁlcgfgﬁﬁ%éggErg n}wﬁF gﬂ&
segments are eval witestgamedt toltheisachnd mirgrsegihantesndf t he sane
the step of determining whether a spacing between the first polygon and the second

polygon satisfies a set of predetermined spacing criteria includes the step of

based upon the canonical direction from the first wire segment to the second

wire segment, determining whether the spacing between the first wire segment

and the second wire segment satisfies the set of predetermined spacing criteria.

23.  The method of Claim 11, further comprising the step of based upon a first wire
segment having a left face defined by first and second endpoints and a second wire
segment having a left face defined by first and second endpoints, generating polygon
output data by performing the step of
if the first endpoint of the left face of the first wire segment is collinear with both the

first and second endpoints of the left face of the second wire segment and the
second endpoint of the left face of the first wire segment is collinear with the
first endpoint of the left face of the second wire segment, then establishing a
first left polygon face having a first endpoint defined by the first endpoint of
the left face of the first wire segment and a second endpoint defined by the
second endpoint of the left face of the second wire segment.

24.  The method of Claim 11, further comprising the step of based upon a first wire
segment having a left face defined by first and second endpoints and a second wire
segment having a left face defined by first and second endpoints, generating polygon
output data by performing the step of
if the second endpoint of the left face of the first wire segment is coincident with the

first endpoint of the left face of the second wire segment, then establishing both
a first left polygon face having a first endpoint defined by the first endpoint of
the left face of the first wire segment and a second endpoint defined by the
second endpoint of the left face of the first wire segment and a second left
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cont i guous . wWWRI¥EMNt s are eval uated. 10 For exanplRCT/USp/A2819

13A il lustrates a wire 1300 that is constructed fromthree conti guous
wire segnents 1302, 1304 and 1306 ac@¥rding to an enbodi nent of the
~invention. The left face of wire segnment 1302 is defined by a
. directed line segnent a, which in turnis defined by end points
- alerr] and a[err]. The left face of wire segnent 1304 is defined by a
directed | ine segment b, which in turn is defined by end points
. b[err] and b[err]. The left face of wire, se t 1306 js defin a
- directed line segrrerﬂOlltgonviﬁ?eclha"l“Fg%mell@%%fr?e%@ﬁ}gl}ﬁ?rﬁ?"%‘ld mdg)og»[tgfa’eqéﬁd
- clerr]. To geneéséfhe i Witk st ARknésrbnd endpointidefindBby thraecomti ng

* to an enbodi nent of the. i nti colinear sets _of points along the
~left and right si de§“gP°W?%m§é%F§?%og§?° Xue segment-) 4 1306 are
: conbined. Since directed line segnent a is colinear with directed line

 segnent b i errd . and k i i 1ief ivel

. generati n& 5a si‘?‘lgféglqr&teéf 8%‘50;L':elrona%y%;nééaigﬂgcs&ebglnigér{b? d%%%%ge{lﬁlg s%%ﬁ%}-ﬁt"tga}{

+ Sinmilarly, sincebipeiypentheniftegratedsiruit/layous, themethodaomprisingthe sieppef:

. repl aced ' egmﬁ;' i ' b g it WithSreSptcB® fpdift ¥PAR directed

- representation a?‘?,% 0 ﬁ#%&f@%ﬁ?fﬁé%ﬁ&#g%ﬂé igirealf%fer c%l i near séﬁegeof

. points have been con#lerfeamsrtor ding to an enbodi ment of t he

. invention. b) determiningAWE10RAMADIONthEBAiRAty Poir? Wit REFRS &ba Hfsh endpdint of the

- maxi num nunber of po ,%%goegé oints 25 per polygon. In this situation, the

. number of segnents tHEECt B"eﬁég‘PF%Fcé'b‘_i according to this approach is
limted to the dyadeteRtining Rielocationpdf thevaddliteary @iy wvith @speictiada feeohid enidpolirit dfhe

~ nunber of wire seg tg.exceeds. this. n er, for a given wire, then

addi tional pol ygon?ﬁ?glreéegﬁnﬁgeegﬁmtn& a?lggr esent that wre. HARDWARE
OVERVI EW 30 d) based uporytneaesiits iof stepba)tbrougha)rassigningta danpuycelrdiregtion from
conmput er system 140 i glu, ,g;m; of the invention may be
i npl enent ed. Conput 3?‘993%2?%@‘% %??eﬁléfou%lggpg&bu i4t02 or ot her
comuni cati on nmechani smfor comruni cating information, and a processor 1404
coupled with bus 1402 for processing information. Conputer system 1400 al so
i ncludes a main menory 1406, such as a random access nenory (RAM or
ot her dynam c storage device, 35 coupled to bus 1402 for storing
information and instructions to be executed by processor 1404.
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WO 99/23699 :
- 18- Mai n menory 1406 al so may be used for Sstoring tenﬁg;rg.,ls)?smsw

vari abl es or other internediate i nformati on during execution of
instructions to be executed by processor 1404. Conputer system 1400
further includes a read only nenory (ROM 1408 or other static storage
devi ce coupl ed to bus 1402 for storing static information and
instructions for processor 1404. A 5 ﬁtﬂéage devi ce 1410, such as a
magneti c di sk or optical disk, is provide& nd coupl ed to bus 1402 for
storing information and instructions. Comput er system 1400 may
be coupled via bus 1402 to a display I 2, such as a cat hode ray tube
(CRT), for displaying information to a<4onputer user. An input device 1414,
i ncl udi ng alphanugimgc;a ot her Keys, is coupl to bus 1402 for
comuni cating inf on*10 ~and conmand sel ecfions to processor 1404. .
Anot her type of user input devi ceyps gpy sor. confy ol UP,RIGHIG, such as a
mouse, a trackball, or cursor directiog keys fof communjecating direction
i nformati on and conmand sel ections to cessor |1404 for controlling
cursor novement on - ~ display 1412. Th i npyt dexice typically has two
degrees of freedomin two axes, a first axi e.g., x) and a second
axis (e.qg., y), that allows the device to speXN positions in_a plane. 15
RIGET

The invention is related to theLESE w—computer.®
representing polygons in an IC |ayout. \\'g to one enbodi nent of
an I C layout is

the invention, the representation of

provi ded by conputer system 1400 in respgese to|proces 1404
executing sequences of instructions co ined i main ne “&y 1406. Such
instructions may - - DOWN, LEFT DOWN, RIGHT

FIG. 2
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"~ be read i nt oveav3@enory 1406 from anot her conputer-readabl e nmriusss22810h
as storage 20 devi ce 1410. However, the conputer-readable nmediumis not
“limted to devices such as storage device 1410. For exanple, the
conput er -r eadabl e medi um may i nclude a fl oppy di sk, a flexible disk,
hard di sk, magnetic tape, or any other magnetic nedium a CD-ROM any

ot her optical nedium punchcards, papertape, any ot her physical nmediumwth
- patterns of hol es, a RAM a PROM EPROM a FLASH EPROM any ot her
menory chip or 25 cartridge, a carrier wave as described hereinafter, or
- any ot her medi umHr a conputer can read.

. Execution of the sequences of instructions contained in main nmenory 1406

: causes processor 1404 to performthe process steps previously

. described. I'n alternative 400 odi nents, hard-wired circuitry may be

- used in place of or in conbination™ith sof t AI30 instructions to

~inmplenent the invention. Thus, enbodi ment§ thi on are not limted
. to any specific conbination of hardware c i Sof t war e.

- Conputer system 1400 al so includes a co Y Iaflerface 1418 coupl ed
. to bus 1402. Communj cation interfac I tles a two-way data
conmuni cati on cou .t4B network link 1420 that is connected to a
| ocal network 14Z2.""For exanpl e, conmunication 35 interface 1418 nay be an
integrated services digital network (I1SDN) card or a nodemto
-19- 410
~a DIRECTED
LINE SEGMENT
FIRST END POINT
(ENDI)
SECOND END POINT
(END2)
DIRECTION
ORTHO
OCTANT

FIG. 4C

420

WIRE SEGMENT

LEFT EDGE

RIGHT EDGE

NEXT WIRE SEGMENT -

PREVIOUS WIRE
' SEGMENT

PARENT WIRE

BRANCHING
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provi de awoledmeepmruni cati on connection to a correspondi ng Wﬁ
communi cation int
provi de a data comuni cation ’

t el ephone line. As
be a | ocal area network (LAN) card

anot her exanpl e,

to

Q?S may

connection to a conpatible LAN. Wreless |inks nmay al so be

i npl ement ed.
and receives 5
di gi tal

el ectrical,
data streans representing

Network |ink 1420 typically provides
For exanpl e,
network 1422 to a host conputer
I nternet Service Provider (1SP) 1426.

networks to other data devices.
a connection t hr ough | ocal
data equi pnent operated by an 10
1426 in turn_pLovi
w de packe]?] t
"Internet" 1428. Local
el ectromagneti c or opti cal
link 1420 and through connuﬁhg?tlo
digital data to and from conputer
carrier waves transporting t
system 1400 can send nessages and

I n any such inplenentation,

s data conmuni cation services

ni cati on network now comonly referred to as the

network 1422 and Internet 1428 both use electrical,
signals that carry digital

The signals through the #a0i ous networks antwg

o | AR PGRYGON

communi cation interface 1418 sends
el ectromagnetic or opti cal

'ﬁarious types of
%g a comuni cati on through one or

signals that carry
i nformation.
nor e

network |ink 1420 may provide

1424 or to
| SP
t hrough the world

data streans.

the signals on network

carry the 15

>ysten11400 ar e exenplary forns of

‘Conput er

=4 program code,

t hrough the network(s), network |ipk lﬁﬁgﬁggﬁ icatfon interface 1418.
In the Internet exanple, a sprver nlg it a requested
code for an application programth| 0 T 8, | SP 1426, | ocal
network 1422 and communi cation int nrfacedlmmq;aox dccordance with the
i nvention, one such downl oaded applLi ( { he L
representation of polygons in an I Ia ut as descrlbed her ei n.
The received code may be executed py S iy is received,
and/ or stored in storage dev - vol atil e storage
for later execution. In this mannef, T WP SECHENISt en 1400 may _obtain
application code in the formof a farrier wave. T] Al t hough
enbodi nents of the invention have ’GﬁﬁngﬁifktﬁESTkﬁnhﬁ? qontext of IC
| ayouts including transistors for fllustr hposes, the invention is
applicable to I C | ayouts i nc i i bgrated-circuit
conponents or devices, such as res|st oWIRE AJTACHED FOQ | ogi ¢ gates, or
any ot her type of |C devices. SECOND END (END 2)
440\‘ POLYGON
BOUNDING BOX (BBX) R
ARRAY OF BRANCH -
NUMBERS
LAYER
POLYGON NUMBER -
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.30 ~ WOB92368%ent i on provi des several advantages over prpc¥/us9s/22819
approaches for representing polygons in an IC layout. First, even the
nost conpl ex geonetry can be represented using W re segnents,
~including octagon-shaped contact encl osures and irregul ar-shaped diffusion
i slands. Al'so, representing polygons using wire segnents facilitates
~geonetrical analysis such as spaC|Eﬂ and encl osure checking. Wre

segnents are convenient for geometric an®i¥sis 35 because nost of the
exposed pol ygon edges are known and w dth, spacing, and encl osure

- - 20- checks are valid only when applied to exposed pol ygon- edges.
Many of the horllﬁl§§F in a database of trapezoids are actually
internal to the dns, and the anal ysis software nmust expend
significant effort to flnd the external edges. Wre segnents can al so
r epr esent many common | ayout shapes directly, allow ng nore-conpl ex

: rules (such as the exclusion 5 zone) to be inplenented easily. For

" exanple, a polysilicon gate nié have a r eBRIANITFNG that its width be

- larger when the gate polygon is t®aver sg
- polygon is conposed directly of wire se BRRENTVWRBSEG&EB(E

rule on a segnent - by- segnent basi
i s ﬂNlDﬁBRANCHl whe

ause the gate
0 enforce this
ne segnent

n their angl es
es relatively

directions and ensuring their separatio
.are non-orthogonal. The wire segnment appro

10 easy electrical analysis such as rpsist ﬁhﬁgking cause the use
of wire segnents all ows the resisfanc 2 to be cal cul at ed
qui ckly. The wire segnent approach is afso—wet

FIRST LEFT BRANCH

FIRST RIGHT BRANCH

LAST LEFT BRANCH

LAST RIGHT BRANCH

FIG. 4G

460
N SIDE BRANCHING

OTHER WIRE SEGMENT

PARENT LINE SEGMENT

ON LEFT EDGE

NEXT SIDE BRANCH

PREV SIDE BRANCH

FIRST SIDE POINT (PT1)

SECOND SIDE POINT (PT2)
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suited for wessseapl enented in conputer software because wre. ts are
easily represented in data structures. The advant age 0?gﬁﬁgﬂﬂ§ ment s
is that they are nuch closer in formto conmonl y-used | ayout ‘
structures, so many fewer of them are needed to represent 15 these
structures, and it is much less likely that the shape of an object is not
obvi ous after i nspecting only one or two data structures. Wth
trapezoi ds and rectangl es, a ninor chan§él@o t he pol ygon shape can
cause the trapezoid data structures to be nodified all the way on the

ot her side of the polygon, making it difficult to work with a polygon as a

unit. In the foregoing specification, the invention has been
described with reference to 20 speci fic enbodi ments thereof. It wll,
however, be evident that various nodifications and changes may be

made thereto without departing fromthe broader spirit and scope of the
i nvention. The specification and drawi ngs are, accordingly, to be regarded

inan illustrative rather than a restrictive sense.
21 WHAT | S CLAINED IS 1. A conputer system for generating a data
r epr esent iit}p an integrated circuit (1C) | ayout, the conputer
system conpri si ng: a) a nory; and b) one or nore processors
coupled to the nenory, erein the nenory contains a set of
instructions which, when execut by the one or nor e
processors, cause the pre-of--ABFe- PrOEESSOFS-1-0-per-fFormi-he-steps of
F ittt 1
r
d—
b2 1

WIRE A
(WIRE SEGMENT A)

>

- W e e e W e em M e = W e E AP oo

i

e e v i A e e e T e = e e % = = = e Y N e e e = = b=

[FEEI NS S e L

P b L L F T e R R R

T R R R R L L L R L ey el e Dl B it il

- S A A D R 4P . R - B T P W SR W P AR W T W W B TR A W W M AW S A
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1) generatlwgggyd;ygon data associated with a polygon that repppgRiesnI6et

of IC devices to be represented by the IC | ayout,

. where€in the polygon is represented by one or nore

. wires and; ii) generating wire data that both represents the
one or nore wres and contains at | east one

- reference to the polygon data, wherein each wire is

- represented by one or nore wire segments. 6/162. The conputer system of

- Caiml, wherein the set of instructions includes instructions for

. a) generating wire segnent data that both represents the one or nore wire
. segnents for each wire and contains at | east one reference to the wire

~ dat a, HQ_ aneratl ng at | east one reference in the polygon
. data that refer % data, and -
© c) generating at |east one reference in the wre data that references the

Wre segnent dat a. 3. The conputer systemof Caim
-1, wherein each wire segnergggi s represented by two directed |line
. segnents, and the set of ingtructions includes instructions for
"~ generating directed Iine segnent d that represents the
~two directed line segnents for eagh wire segnerit. 4, The conputer
- systemof Claim2, whereirpgycon the step of generating at |east one
. reference in the a‘e&-yqeﬁ—ge(-a-ﬂ-e—(-hmre dat a i ncl udes the
. step of for each re replB:‘(s-dtIKgd in the wire segnment data,
- generating a ref erferee—n—the jlata to data in the wre data that
. represents that wifre, B&M!ﬂ"—"w"!{i
BRANCH2—>WIRE B
BRANCH3—>WIRE C
LAYER=DIFF
POLYGON NUMBER = 1
610 620
\ WIRE A \ WIRE B
PARENT POLYGON —>- POLYGON PARENT POLYGON —> POLYGON
BRANCH NUMBER =1 BRANCH NUMBER = 2
BOUNDING BOX = BBX 5 _ BOUNDING BOX = BBX 5

FIRST WIRE SEGMENT— WIRE SEGMENT A FIRST WIRE SEGMENT—> WIRE SEGMENT B
LAST WIRE SEGMENT—>- WIRE SEGMENT A LAST WIRE SEGMENT—>- WIRE SEGMENT B
END 1 —>NULL _ END 1—>WIRE A
END 2 —>-NULL END 2—> NULL
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the step Qlo96Rspeti Ng at | east one reference in 't he wire d?&i‘mk&&zﬁﬁ"“ re

segnent data i ncl udes for each of the one or nore Wwres
generating a reference in the wire data to both the first °
and |l ast wire segnents contained in the wre.

22 5. The conputer systemof Caim1l, further including the step
of generating branch data that specifies wire segnents associ at ed

Wi th connected wres. 6. A conputpe{g r eadabl e nmedi um carryi ng sequences
of instructions for generating a data representation of an

Integrated circuit layout, the sequences of instructions including
I nstructions which, when executed by one or nore processors, cause the one

or nore EIGC% rs to performthe steps of: a) generating
pol ygon dat a . wi th a polygon that represents a set of IC

devices to be represented by the 1 C |ayout, wherein the polygon is
r epr esent ed by one or nore wires, and b) generating
wire data that both represents the one or nore wires and contains at |east

630

\ WIRE C

PARENT POLYGON-—-POLYGON
BRANCH NUMBER = 3
BOUNDING BOX = BBX ¢
FIRST WIRE SEGMENT— WIRE SEGMENT C
LAST WIRE SEGMENT—- WIRE SEGMENT C
END 1 —>NULL
END 2—> WIRE A

640
WIRE SEGMENT A

LEFT EDGE = q,

RIGHT EDGE = a,
NEXT WIRE SEGNENT—- NULL

PREVIOUS WIRE SEGMENT —>NULL
PARENT WIRE—>-WIREA -

BRANCHING —>BRANCHING A
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one ref erenc¥09923682 pol ygon data, wherein each wire is represmnt/esosRgsione
or nore Wi re segnents. 7. The conput er-readabl e nmedi um
of Cl'aim 6 wherein the sequences of instructions i ncl ude

i nstructions for a) generating wire segnent data that both
represents the one or nore wire segnents for each wre and
contains at |east one reference to theaé/)n ée dat a, b) generating at

| east one reference in the pol ygon dat i‘ ref erences the wire data,

and C) generating at |east one reference in the wire data that
references the wire segnent dat a. 8. The conput er-readabl e
medi um of Cl aim 6, wherein each wire segnent is represented by two
directed line segnents, and t he sequences of instructions include
instructions for performng the step of generating directed
- line segnent dat ar;ErIGbo epresents the two directed |ine segnents

. for each wire seg tains at | east one reference to the wire
segnent ' dat a. 9. The conput er-readabl e medi um of C aim
7, wherein the step of generating at | east one reference in the

pol ygon data to the wire data includes the step of for each
wire represented in g Wi re segnent data,

WIRE SEGMENT B
LEFT EDGE = b,
RIGHT EDGE = b,

NEXT WIRE SEGMENT—>- NULL
PREVIOUS WIRE SEGMENT —NULL
PARENT WIRE—> WIRE B

BRANCHING —>-BRANCHING B

660 .
WIRE SEGMENT C

LEFT EDGE = ¢,
RIGHT EDGE = ¢,
NEXT WIRE SEGMENT—-NULL
PREVIOUS WIRE SEGMENT —-NULL
PARENT WIRE—® WIRE C

BRANCRING —>-BRANCHING C
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23 wooon3gee denerating a reference in the polygon gé’i‘ﬁ‘mﬁﬂ:ﬂﬁa in
the wire data that represents that wire, and ' the step

of generating at |east one reference in the wire data to the wire segnent
dat a . i ncludes for each of the one or nore wires generating a
reference in the wire data to both the first and last wire
segnents contained in the wre. 10. The conputer-readabl e nmedi um of
Claim6, wherein the plurality of sequ@h&s of i nstructions includes
i nstructions for performng the step of generating branch data that
specifies wire segnents associated with connected w res. 11. A net hod
for generating a data representation of an integrated circuit (1C I|ayout,

t he matm Lsi ng the steps of: a) generating polygon
data associ at e nml ygon that represents a set of IC

devices to be represented by the 1 C |ayout, wherein the polygon is

r epr esent ed by one or nore wires; and b) generating
wire data that both represents the one or nore wires and contains at

| east one refer eRgE to the polygon data, wherein each wire is represented

by one or nore wire segnents, 12. The nethod of C aim 11,
further including e st eps BRANCHING A
PARENT WIRE SEGMENT —»-
WIRE SEGMENT A
END1 BRANCH —»-NULL
END2 BRANCH —NULL
FIRST LEFT BRANCH —»~SIDE BRANCH C
FIRST RIGHT BRANCH —>-NULL
LAST LEFT BRANCH——»- SIDE BRANCH B
LAST RIGHT BRANCH—>- NULL
670 | . 680
\ BRANCHING B \ BRANCHING C
PARENT WIRE SEGMENT —> PARENT WIRE SEGMENT —>
WIRE SEGMENT B ~ WIRE SEGMENT C
END1 BRANCH—> WIRE SEGMENT A | END1 BRANCH —»-NULL
END2 BRANCH —>-NULL . END2 BRANCH —>-WIRE SEGMENT A
FIRST LEFT BRANCH —-NULL FIRST LEFT BRANCH—>- NULL
FIRST RIGHT BRANCH —»-NULL FIRST RIGHT BRANCH —»-NULL
. LAST LEFT BRANCH—- NULL LAST LEFT BRANCH—> NULL

LAST RIGHT BRANCH—- NULL LAST RIGHT BRANCH—>- NULL
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. a) generat i. W y/z3g9segnent data that both represents the one Qcriidos2Yd16 €

. segnents for each wire and contains at |east one reference

. to the wire data, b) generating at |east one reference in the

. polygon data that references the wre data, and c)

- generating at |east one reference in the wire data that references the wire
segnent ) dat a. 13. The nethod of C aim 11, wherein

© each wire segnent is represented by two1@i1eected |ine segnments, and

- the nmethod further includes the step of generating directed |ine segnent

- data that both represents the two directed |ine segnents for
. each wire segnent and contai ns at | east one reference to the
. Wi re segnent data. 14. The met hod of C aim 12, wherein

- 24 t he of nerating at |east one reference in the polygon

~data to the wire . includes the step of for each wire
- represented in the wre segnent data, :

690
SIDE BRANCH C

OTHER WIRE SEGMENT—- WIRE SEGMENT €
PARENT LINE SEGMENT—> a,
ON LEFT EDGE— TRUE
NEXT SIDE BRANCH—- SIDE BRANCH B
PREVIOUS SIDE BRANCH—NULL
Pl = ¢
P12 = e

695 .
SIDE BRANCH B

OTHER WIRE SEGMENT—-WIRE SEGMENT B
PARENT LINE SEGMENT— o,
ON LEFT EDGE—>- TRUE
NEXT SIDE BRANCH—»-NULL
PREVIOUS SIDE BRANCH —-SIDE BRANCH C
PTI = d4
PT2 = d,

SUBSTITUTE SHEET (RULE 2)



gener ati ng, gy ence in the polygon data to data in the Wedusbahasbhat

represents t at mnre and the step of generating at Ieast one
reference in the wire data to the wire segnent data - i ncl udes
for each of the one or nore wires generating a reference in the wre

data to both the first and last wire segnents contained in the wire. 15.
The method of CAaiml 1, further in¢cluding the step of generating branch
data t hat specifies wire seg s associated with connected wires.
16. The nmethod of €phgim 11, wherein the step of generating pol ygon
data associated with a Bbkygon t hat represenﬁﬁpa set of I C
devices to be represented by th her,_conpri ses the step of

generating polygon data associatfed with ajpluralit
represent a set of IC devi:ea 0 be fepresented by the IC

| ayout, wherei I11;olygon of K 0 the plurality of polygons is
represented b & or nore wire$, and the nmejhod further includes
the step of performng a validi{y check o]l the pol ygon data

i ncludes by perform ng the steps Off _ 7daﬂ ecting a first

pol ygon and a second pol ygon fromtfhe plurdglity of

of pol ygons t hat

pol ygons to be checked, . b) eterm ni hg the canoni ca
direction fromthe first polygo ot

pol ygon, and c) based up t C?H@ |ca? dir¢ction fromthe first
pol ygon to the second pol ygon, et er mi ni hg whet her a spacing

between the first polygon and the cond pgl ygon satisfies a set

of predeterm ned spacing } - The nethod of C aim 16, wherein
the step of determning t canoni cal regtion fro
706 - <
1§ 706 704
714
715
716 712

FIG. 8
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the first puvqmsm the second pol ygon includes the steps of PCTUS98/22819
determ ning the canonical direction froma first side of the first polygon

~ to the second pol ygon, b) determ ning the canoni cal

- direction froma second side of the first polygon to the

- second pol ygon, c) determning the canonical direction froma third
side of the first polygon to the second pol ygon, and
25 d) if the canonical di 1848 on fromthe first pol ygon to the
second pol ygon cannot be det erm ned, Wp}term nikng the
canonical direction froma fourth side of the fils . polygon to

- the second pol ygon. 18. The met hod of O aim 16, urtaﬁ;' i ncl udi ng the
step of, if the ~g tween the first s, poldygo t he second
pol ygon does not @yge set of predefgerm neth s ﬁc)/?(g criteria,

then perform ng the step of noving the se%d pol ygon/wi t h respect@ﬂ%o t he

first polygon in a direction that is opposit@5rom g—dﬁ’em, GEDt wo
sides of the first pol ygon that are cl oses

causing a separation to be gener 3LBHT) bet
the second polygon to satisfy the @i8dgterm { Spacing s,

the sec pol ygon,

950

FIG. 9B (UP LEFT) ,""(UP) ; |

T A g
i 966
... 956
- (RIGHT)
(DOWNLEFT) 968

o ;’é’sg 960 . .

, Y] -~

./ (DOWN) (DOWN RIGHT) "~
, 972 ’,' 970
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criteria. woddhseee The nmethod of claim 18, wherein hfcﬁﬁ&sfk‘?ﬂsfs“” her
i ncludes the step of defining an exclusion zone around the Tirst

pol ygon that specifies a separation fromthe second pol ygon that satisfies

t he set of predeterm ned spacing criteria, and 1t he
step of noving the second polygon with respect to the first polygon in a
direction that is opposite fromthe direction of the two

sides of the first polygon that are 13/16 closest to the second

pol ygon further includes the step of noving the second
pol ygon with respect to the first polygon in a direction that is opposite

fromthe qpdirection of the two sides of the first polygon
that are cl os£tIG. t]ag second pol ygon, causing the second
pol ygon to be Iocated out si de t heygpacl usi on zone. 20. The net hod of

pol ygon and the se ol ygon does t satisfy the set of predeterm ned
spaci ng criteri t hen changi ng the size of _the second pol ygon to
cause the set of predeterm ned spacing crijterfia to be satisfied.

21. The nethod of C aim 16, further 4 } he lst-eps>of—-
determ ning a size of the first polygen based upqn g canoni cal {iJrection

froma first side of the firs a |seco ide|l df the
st jpoly doep M09
sécond bki{de of the
D

first polygon, and if the siz
he ffirst polygbyg to

Claim 16, further ég\lng t he st f if the spacing between the first
p

satisfy a set of size criteria, t4%

first polygon wth respect t the f t _Si
cause the set of0 \z\e cri ter1|(ba4\;.oct?5 h;1atb fi eby
a - a
>~ J >»{’ az
1005
> >
1010
FIG. 11
- 1100
! 1106
1102
112
1104~ 1105
1112 1110

1108/

SUBSTITUTE SHEET (RULE 26)



26 22. wo 9bp@egoet hod of O aim 16, wherein . each wi r BCr4s98/22819
represented by one or nore wire segnents, the step of selecting a
first polygon and a second polygon fromthe plurality of

pol ygons to be checked includes the step of selecting a first wire segnent

and a second wire segnent fromthe plurality of wre
segnents to be checked, t he stﬁgl determ ni ng the canoni cal
direction fromthe first polygon to t cond pol ygon

i ncludes the step of determ ning the canonical direction fromthe first
W re segnent to the secong-mrre~sggnentl, 17 the step of determning

whet her a spaci ng bet vvee pol ygon and the second

pol ygon satisfies a set pr edet @t m ned spaci ng criteﬂ%clk%s the step
of based upon e canonical direction fTo e st wire
segnent to the second W re segnent, determ ning whether the

spaci ng bet weg =TSt TOTTETT _——1202and the second wire
segnent sati sfi es ddNSTRUCPTWO EINESAIONG! sppcing criteria. 23. The
met hod of C ai ~TTON VECTORS OF LINESEGMENTS P of based upon a first wire
segnent having a left face defined by first apd second endpoints and a
second wire segnent haying a left face defined by first and second
endpoi nts, generating polygo out put data by perform ng the step of
if the first endpoint of the”l® f ace-dR208he first wire segnment is
collinear with both the

ARE THE DIRECTED NO

LINE SEGMENTS >

PERPENDICULAR?

NO
1208
USE SQRT (2)*
Ryt MANHATTAN DISTANCE -
ROUNDED UP

CONSTRUCT THIRDLINE | 1212
BETWEEN TWO LINES
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first andywsoggeosndpoints of the left face of the second wmt and
Irst wre

t he second endpoint of the left face of the
segnent is collinear with the first endpoint of the left
face of the second wire segnment, then establishing a first

| eft pol ygon face having a first endpoint defined by the first endpoint of
the left face of the first wire segnent and a second endpoi nt defined by

t he second endpoi nt d¥5/tGe | eft face of the second wire
segment . 24. The met hod of Claim 11, further conprising the step of
based upon a first wre segnent having a left face defined by first
and second endpoints and a second wre segnent having a left face
defined by first and second endpoi nts, generating pol ygon out put
data by performng the step of if the second endpoint of the left
face of the first wire segnent is coincident with the first
endpoint of the left face of the second wire segnent, then establishing
bot h a first left polygon face having a first endpoint
defined by the first endpoint of the left face of the first
wi re segnment and a second endpoi nt defined by the second
endpoint of the left face of the first wre segnent and a second | eft
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pol ygon facWmmes/2369 a first endpoint defined by the second enguivusesisidhe
| ef t face of the first wire segnent and a second endpoi nt
defined by the second endpoint of the left face of the
second wire segnent. 25. A method for determ ning the canoni cal
direction froma directed |line segnent to an arbitrary point in an
Integrated circuit |ayout, the nethod I sing the steps of: a)
determ ning the location of the arbitrary point with respect to a point on
the directed | i ne segnent; b) determ ning the

| ocation of the arbitrarympoint with respéﬂt to a first endpoint of the
directed |ine segnent; ar_g_ det erdi ni ng the | n of the
arbitrary point with respect
directed |ine segnent; an
t hrough c), assigning a can

upon the res.ulés of \ st ¢ps
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