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(57) ABSTRACT 

Layout processing can be applied to an integrated circuit 
(IC) layout using a shape-based system. A shape can be 
de?ned by a set of associated edges in a speci?ed con?gu 
ration. A catalog of shapes is de?ned and layout processing 
actions are associated With the various shapes. Each layout 
processing action applies a speci?ed layout modi?cation to 
its associated shape. A shape-based rule system advanta 
geously enables ef?cient formulation and precise application 
of layout modi?cations. Shapes/actions can be provided as 
defaults, can be retrieved from a remote source, or can be 
de?ned by the user. The layout processing actions can be 
compiled in a bias table. 
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GENERAL PURPOSE SHAPE-BASED LAYOUT 
PROCESSING SCHEME FOR IC LAYOUT 

MODIFICATIONS 

RELATED APPLICATIONS 

[0001] The present application is a divisional of com 
monly owned co-pending US. patent application Ser. No. 
09/632,080, “GENERAL PURPOSE SHAPE-BASED LAY 
OUT PROCESSING SCHEME FOR IC LAYOUT MODI 
FICATIONS” ?led Aug. 2, 2000 by Deepak AgraWal, Fang 
Cheng Chang, Hyungjip Kim, Yao-Ting Wang and 
Myunghoon Yoon. 

FIELD OF THE INVENTION 

[0002] The invention relates to the ?eld of photolithogra 
phy, and more particularly to a system for applying modi 
?cations to an IC layout. 

BACKGROUND OF THE INVENTION 

[0003] Photomasks are used in the production of inte 
grated circuits (ICs) to transfer a circuit layout (“IC layout”) 
onto a receiving substrate, such as a silicon Wafer. A pho 
tomask is typically a glass plate covered by a thin chrome 
layer, in Which a portion of the IC layout is etched. A source 
of light or radiation is used to eXpose this photomask pattern 
(“photomask layout”) onto a layer of photosensitive resist on 
the surface of the Wafer. The top surface of the Wafer is then 
chemically etched aWay in the areas not covered by the 
photoresist, thereby completing the transfer of the original 
IC layout onto the Wafer. This transference process is knoWn 
as photolithography. 

[0004] Photolithography is a critical step in the IC manu 
facturing process. The accuracy of the pattern formed on the 
Wafer (“printed image”) signi?cantly affects both process 
yield and IC performance. HoWever, reliably resolving mod 
ern IC geometries in the 0.25-pm range and smaller using 
eXisting photolithography equipment is dif?cult. At such 
reduced feature siZes, optical distortion impedes eXact trans 
fer of the photomask pattern onto the Wafer. 

[0005] To counteract any unWanted deviations, a tech 
nique knoWn as optical proXimity correction (OPC) has been 
developed. OPC involves modi?cation of the original IC 
layout to compensate for distortions introduced by the 
eXposure process. The modi?cation involves changing the 
dimensions of affected features or incorporating corrective 
features into the photomask pattern. For eXample, diffractive 
effects around small features in a photomask pattern can 
cause corner rounding in the printed image. FIG. 1a shoWs 
a sharp corner 100 that Would typically be present in an 
original photomask pattern, and a rounded corner 110 that 
Would appear in the actual printed image Without OPC. FIG. 
1b shoWs a corner 120 in a photomask pattern that has been 
modi?ed using OPC to include an eXtra feature called a serif. 
The serif is siZed such that the printed image corner 1330 
produced by photomask corner 120 has the desired form. 
Other OPC features (hammerheads, scattering bars, assist 
features, etc.) are Well knoWn in the art. These modi?cations 
to the original IC layout may sometimes be referred to 
generically as “biases” or “bias features”. 

[0006] There are tWo methods for determining the appro 
priate biases to add to an IC layout: model-based OPC and 
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rule-based OPC. Model-based OPC applies corrections to 
the IC layout and uses models of the photolithography 
processes to determine the most effective biases. By essen 
tially simulating an actual photolithography step and con 
verging on a solution, model-based OPC can provide a 
thorough and detailed set of biases to apply to the original 
layout. HoWever, this technique is eXtremely computation 
intensive due to the iterative nature of the process. Also, the 
accuracy of the ?nal output is only as good as the models 
used in the calculations. 

[0007] In contrast, rule-based OPC applies a set of geom 
etry-based rules to the original IC layout. The rules are 
speci?ed by the user, and de?ne the biases to be incorporated 
in the photomask layout. Conventional rule-based OPC 
systems base the application of OPC biases on the geom 
etries of edges Within the original IC layout. 

[0008] Although the compleX patterns of an IC layout may 
seem to be made up of ?ne lines, even the thinnest of lines 
are actually 2-dimensional elements. As such, they can be 
represented by a series of contiguous edges, joined to other 
edges at distinct vertices. Conventional rule-based OPC 
systems evaluate each edge of the original IC layout and 
apply biases to those edges according to pre-speci?ed rules. 
The rules are typically based upon the length of an edge and 
its spacing from other edges. 

[0009] FIG. 2a shoWs a layout feature 200a, sometimes 
referred to as a “?nger”, Which is common in IC layouts. 
OPC modi?cations must often be applied to ?nger features 
to create photomask layouts that properly transfer the origi 
nal feature during photolithography. Feature 200a comprises 
edges 221, 222, 223, 224, and 225. The directions of edges 
221-225 are as shoWn, and the inner sides of edges 221-225 
are on the left. 

[0010] FIG. 2b shoWs a printed image 200b that repre 
sents the printed image produced by a photolithography step 
using unmodi?ed feature 200a in a photomask pattern. 
Printed image 200b shoWs undesirable corner rounding and 
shortening in region 230. To compensate for such distortion, 
various OPC modi?cations can be incorporated into the 
photomask layout, depending on the speci?c dimensions of 
feature 200a and its relationship to the rest of the IC layout. 
FIG. 2c shoWs a modi?ed feature 200c, Which includes a 
hammerhead 240 to correct for the distortions shoWn in 
FIG. 2b. FIG. 2a' shoWs an alternative modi?ed feature 
200d, Which includes serifs 250 as a corrective mechanism. 

[0011] Determination of the appropriate OPC correction is 
made through the use of a bias table. Created prior to 
performing the OPC operation, the bias table de?nes the 
rules to be applied, each of Which is a function of the edge 
properties. The bias table is typically structured as a look-up 
table, such as shoWn in Table 1. 

TABLE 1 

Edge-Based Bias Table 

L d 

(,urn) (,urn) BIAS 

<0.25 >1.5 Hammerhead 
0.5 r .05 1.0 r 0.5 Serifs 
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[0012] Table 1 includes sample values for rules that Would 
be applied to edge 223 of FIG. 2a to create OPC features 
240 and 250, shown in FIGS. 2c and 2d, respectively. In 
Table 1, “L” represents the length of edge 223, and d 
represents the minimum spacing betWeen edges (i.e., the 
distance betWeen edge 223 and edges 221 and 225). As 
indicated by the values in Table 1, if feature 200a is tall and 
thin (i.e., less than 0.25 pm Wide and greater than 1.5 pm 
tall), then a hammerhead feature Will be applied. However, 
if feature 200a is more squat (i.e., 0.5 pm Wide and 1.0 pm 
tall), serifs Will be added. Of course, the bias table Would 
contain additional siZing and placement information for the 
various biases. 

[0013] Because a simple lookup table can be used, rule 
based OPC is much more computationally ef?cient than 
model-based OPC. HoWever, the current edge-based sys 
tems may be too limited to effectively provide corrections 
for complex layouts. For example, it may be desirable to 
apply (or not apply) different OPC modi?cations to edges 
that have similar properties. FIG. 26 shoWs a feature 2006 
that includes an edge 263. Edge 263 may have the same 
length and spacing as edge 223 in FIG. 2a, but it may be 
desirable to apply OPC correction to only one of the tWo 
features. For example, feature 200a may be a non-critical 
feature that can tolerate substantial distortion, While feature 
2006 must be accurately transferred for proper IC function. 
If feature 200a Was prevalent throughout the IC layout, it 
Would be preferable to avoid complicating the ?nal photo 
mask layout by adding unnecessary OPC modi?cations. 
HoWever, an edge-based system using a single edge is not 
able to readily make a distinction betWeen edges 223 and 
263, and therefore Would not be able to apply different OPC 
modi?cations to features 200a and 2006. 

[0014] Accordingly, it Would be desirable to provide a 
system that enables greater ?exibility and control in apply 
ing layout modi?cations. 

SUMMARY OF THE INVENTION 

[0015] Embodiments of the invention provide a system for 
applying layout processing to an IC layout (a portion of the 
layout or the entire layout) using a shape-based identi?ca 
tion system. A shape can be de?ned as a set of associated 
edges. Therefore, a shape can provide much greater speci 
?city than a single edge in identifying layout features of 
interest. A catalog of shapes can be de?ned and layout 
processing actions can be formulated based on the properties 
of the various shapes. Shapes can include various contigu 
ous edge pro?les, such as ?ngers, hammerheads, diamond 
hammerheads, fuZZy hammerheads, and tombstones, among 
others. Shapes can also include non-contiguous edge com 
binations, edges from multiple layers of an IC layout, and 
edges With speci?c properties. Properties inherent in a 
particular edge can include length, inner color, and outer 
color, among others. Other properties associated With an 
edge can include spacing, beginning angle, and ending 
angle, among others. 

[0016] While length and spacing are relatively self-ex 
planatory, other edge properties such as inner/outer color 
and beginning/ending angle cannot be easily de?ned Without 
understanding the concept of direction. Direction is a con 
vention used to de?ne the inner and outer sides of an edge. 
Because all edges are part of a closed form, one side of the 
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edge Will alWays be Within the form (inner side), While the 
other side Will alWays be outside the form (outer side). 
Therefore, direction can be de?ned by stating that When 
travelling from the beginning to the end of the edge, the 
inner side Will alWays be to the left. Of course, the inner side 
could just as Well be de?ned to be alWays to the right. The 
closed nature of the forms also means that each edge is 
joined to another edge at its beginning and its end. These 
junctions are de?ned as vertices, or corners. Each vertex 
represents a meeting of tWo edges at a speci?c angle. The 
beginning angle is the angle betWeen the inner sides of the 
edges meeting at the vertex at the beginning of the edge. 
Similarly, the ending angle is the angle betWeen the inner 
sides of the edges meeting at the vertex at the end of the 
edge. Finally, color is simply another convention used to 
identify the nature of the shape on the inner or outer side of 
the edge. Colors can be speci?ed for various device or 
interconnect components, to enable more appropriate OPC 
rule application (e.g., edges forming a gate may be blue, 
While edges forming a diffusion region may be red). 

[0017] The library of layout processing actions associated 
With the shapes can be rule-based, model-based, or can 
provide any other response a user Would like implemented 
(i.e., “layout processing” can include OPC, phase shift mask 
(PSM), design rule checking (DRC), “fracturing” of layout 
features for e-beam mask making machines, etc.). Speci?c 
features can be much more simply, ef?ciently, and ?exibly 
identi?ed by a single multi-edge structure than by a single 
edge With multiple relational variables. Therefore, a shape 
based feature identi?cation system advantageously enables 
ef?cient application of layout processing actions having a 
high degree of speci?city. 
[0018] In some embodiments of the invention, the library 
of layout processing actions can be compiled in a bias table 
in an accessible format, such as a look up table. The IC 
layout is scanned, and Whenever a shape match is detected, 
the associated action(s) are applied to the matching portion 
of the IC layout to form the corrected photomask layout. 
This action application process can be performed serially 
(i.e., after each match, the corresponding action is per 
formed) in batch mode (i.e., all shapes are matched, after 
Which all actions are applied), or in any desired combination 
of the tWo. 

[0019] The shape matching, or “scanning”, operation can 
be performed in any number of sequences. In an embodi 
ment of the invention, the scanning operation can be per 
formed in order of decreasing shape complexity, Where no 
feature in the IC layout can be modi?ed more than once. In 
another embodiment of the invention, scanning can be 
performed in order of increasing complexity, Where the most 
complex shape matching/layout modi?cation is performed 
last. In an alternative embodiment of the invention, the order 
of scanning can be set by the user as desired. 

[0020] According to an aspect of the invention, resolution 
logic may be provided to resolve shape and action con?icts. 
In an embodiment of the invention, the resolution logic 
comprises a ?rst-shape/action-controls methodology, Which 
can be implemented through an edge-marking technique. 
According to another aspect of the invention, the resolution 
logic comprises a set of resolution rules that mandate a 
desired outcome When any con?ict arises. 

[0021] According to an aspect of the invention, the catalog 
of shapes and the library of layout processing actions may be 
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provided by the system as a default. In another embodiment 
of the invention, the library of shape-based rules can be 
modi?ed in part or created in Whole by the user. According 
to another aspect of the invention, the shapes and actions 
may be received from a remote source such as a remote 
server. 

[0022] In an embodiment of the invention, the bias table 
can also include single-edge “?ller shapes” that provide 
default layout modi?cation for portions of the IC layout not 
covered by the multi-edge shapes. In another embodiment of 
the invention, the bias table can include both rule-based 
OPC actions and model-based OPC actions. 

[0023] The invention Will be more fully understood in 
vieW of the following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1a illustrates a portion of a photomask pattern 
and the resulting printed image Without OPC; 

[0025] FIG. 1b illustrates a portion of a photomask pattern 
With OPC and the resulting printed image; 

[0026] FIG. 2a illustrates an IC layout feature, shoWing 
edge directions and vertices; 

[0027] FIG. 2b illustrates a printed image of the IC layout 
feature of FIG. 2a Without OPC; 

[0028] FIG. 2c illustrates a photomask layout feature of 
the IC layout feature of FIG. 2a after OPC modi?cation; 

[0029] FIG. 2a' illustrates a photomask layout feature of 
the IC layout feature of FIG. 2a after an alternative OPC 
modi?cation; 
[0030] FIG. 26 illustrates an IC layout feature similar to 
the IC layout feature of FIG. 2a; 

[0031] FIG. 3a illustrates a portion of an IC layout includ 
ing tWo distinct features; 

[0032] FIG. 3b illustrates a portion of a photomask layout 
of the IC layout of FIG. 3a after selective OPC application; 

[0033] FIGS. 4a, 4b, and 4c illustrate sample shapes in a 
shape-based rule library of the invention; 

[0034] FIGS. 5a, 5b, and 5c illustrate sample IC layout 
features including prior OPC modi?cations; 

[0035] FIG. 5a' illustrates a desired mask layout feature to 
be created from the features in FIGS. 5a, 5b, and 5c; 

[0036] FIG. 6a illustrates an eXample of a shape compris 
ing non-contiguous edges; 

[0037] FIG. 6b illustrates an eXample of multi-layer IC 
layout features; 

[0038] FIG. 6c illustrates an eXample of a shape-based 
modi?cation for PSM; 

[0039] FIG. 6a' illustrates an eXample of a branching IC 
layout feature; 

[0040] 
features; 

[0041] FIGS. 7a-7c illustrate IC layout features that differ 
from each other only in certain regions; 

FIG. 66 illustrates an eXample of nesting IC layout 

Mar. 27, 2003 

[0042] FIG. 7a' illustrates a shape having an indeterminate 
section that provides Wildcard functionality; 

[0043] FIG. 8 shoWs a How diagram of a basic shape 
match/action application process; 

[0044] FIGS. 9a and 9b illustrate sample shapes and their 
associated actions; 

[0045] FIG. 9c illustrates a shape and action con?ict; 

[0046] FIG. 10a illustrates a schematic diagram of a 
shape-based OPC system; 

[0047] FIG. 10b illustrates a schematic diagram of an 
OPC engine; 

[0048] FIG. 11 illustrates an embodiment of a shape 
based OPC system including access to remote action and 
shape databases; and 

[0049] FIG. 12 shoWs a sample graphical user interface 
for de?ning shapes and actions. 

DETAILED DESCRIPTION 

[0050] An embodiment of the invention provides a system 
and method for applying layout processing to an IC layout 
using a shape-based approach. The shape-based approach 
advantageously enables accurate and efficient application of 
layout modi?cations. 

[0051] FIG. 3a shoWs a sample IC layout element 300a 
from a larger IC layout (not shoWn). The outline of element 
300a has been selected for explanatory purposes only. The 
invention may be applied to any con?guration of edges in an 
IC layout. Element 300a comprises a series of contiguous 
edges 321-334. Element 300a includes a feature 320a, 
comprising edges 323-325, and a feature 340a, comprising 
edges 328-332. Edges 329-331 in feature 340a form a 
grouping substantially similar in siZe and con?guration to 
feature 320a. In a conventional rule-based OPC system, the 
same biases Would probably be applied to both features 320a 
and 330a. This Would be problematic if different biases Were 
desired for the tWo features. In contrast, a shape-based OPC 
system in accordance With an embodiment of the invention 
could apply different bias features to the photomask layout 
for features 320a and 340a. 

[0052] FIG. 3b shoWs an eXample of a photomask layout 
element 300b that could correspond to IC layout element 
300a shoWn in FIG. 3a. Photomask layout element 300b 
includes features 320b and 340b that correspond to features 
320a and 340a, respectively, in FIG. 3a. As shoWn in FIG. 
3b, feature 320b includes no OPC modi?cations, but feature 
340b includes a bias feature 350 (hammerhead). As 
described previously, such differentiation may be desirable 
depending on the requirements of the ?nal printed layout. 
The invention enables this type of discrimination betWeen 
IC layout features by employing a “shape-based” rule set to 
create the ?nal photomask layout. 

[0053] Shape De?nition 

[0054] In accordance With embodiments of the invention, 
a catalog of “shapes” can be established, based on groupings 
of associated edges. Each shape represents a type of feature 
(or range of features) that may be present in an IC layout. 
Each individual shape Within the catalog can be de?ned by 
the properties associated With its grouping of edges. Table 2 
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lists a number of sample properties in accordance With an 
embodiment of the invention. The listing in Table 2 is 
intended to be explanatory rather than comprehensive. Other 
properties Will become readily apparent to those of ordinary 
skill in the art. 

TABLE 2 

Partial Listing of Shape Properties 

Spacing Min. Spacing Length 

Inner Color Outer Color Height 
Width Neighbor Width Min. Width 
Inner Distance Min. Inner Distance Continuity 
Outer Distance 
Radial Spacing 

Min. Outer Distance Min. Continuity 
Min. Radial Spacing Angle 

[0055] FIGS. 4a-4c provide examples of basic shapes 
according to aspects of the invention. FIG. 4a shoWs a shape 
410 comprising an edge E411 and an edge E412 forming a 
corner at a vertex V413. FIG. 4b shoWs a shape 420 
comprising an edge E421 joined at a vertex V424 to an edge 
E422, Which in turn is joined at a vertex V425 to an edge 
E423. Finally, FIG. 4c shoWs a shape 430 that comprises 
contiguous edges E431-E435, Which are joined at vertices 
V436-V439, respectively. 

[0056] Although geometrically simple, shapes 410, 420, 
and 430 can present problems for conventional OPC sys 
tems. Edge-based systems can have dif?culty differentiating 
edges E412, E422, and E433 in FIGS. 4a, 4b, and 4c, 
respectively, since the edges “look” similar in each con?gu 
ration. In contrast, the shape-based approach of the inven 
tion alloWs each different implementation to be selected 
Without confusion. 

[0057] In addition to enabling more effective differentia 
tion betWeen simple yet similar features, a shape-based 
approach in accordance With an aspect of the invention also 
enables efficient identi?cation of complex features. For 
example, an IC layout may have existing (inadequate) OPC 
modi?cations that can be replaced With more accurate/ 
appropriate corrections. IC layout features 510 (including a 
hammerhead bias feature 511), 520 (including a “fuZZy 
hammerhead” bias feature 521), and 530 (including a “dia 
mond hammerhead” bias feature 531), shoWn in FIGS. 5a, 
5b, and 5c, respectively, could represent unsuccessful OPC 
modi?cations to a ?nger feature. A photomask feature 540 
having a hammerhead feature 541 shoWn in FIG. 5a' might 
represent the desired con?guration after proper OPC modi 
?cation. If the original IC layout is no longer available, it 
Would be desirable to perform OPC on the existing (modi 
?ed) feature. A conventional edge-based OPC system Would 
have dif?culty identifying features 510, 520, or 530 as 
having been previously modi?ed, and so might try to apply 
corrections on top of original bias features 511, 521, and 
531, respectively, rather than replacing them With hammer 
head feature 541. In contrast, a shape-based system in 
accordance With the invention could de?ne a shape having 
the same con?guration as feature 510, 520, or 530, thereby 
enabling straightforWard detection of the prior OPC modi 
?cations. 

[0058] According to another aspect of the invention, a 
shape may include non-contiguous edges. For example, 
FIG. 6a shoWs a shape 600 comprising edges E01-E09. 

Mar. 27, 2003 

Edges E01-E05 are contiguous, forming a “tombstone” 
feature that is physically disconnected from contiguous 
edges E06-E09. The use of only contiguous edges E01-E05 
to de?ne a shape, Would require the formulation of addi 
tional rules to detect the presence of a feature like that 
formed by edges E06-E09 Within the shape. In addition to 
the dif?culties associated With this rule generation, the 
additional rules Would also consume greater processing 
resources, since each feature matching a shape formed by 
edges E01-E05 Would have to be checked for the presence 
of an interior feature. These problems could be avoided 
through the use of shape 600, Which already includes the 
proper interior elements, thereby enabling direct identi?ca 
tion of only the desired features. 

[0059] According to another aspect of the invention, a 
shape may include edges from different layers of an IC 
layout, Where each layer represents a different process step 
in the manufacture of the IC. FIG. 6b shoWs IC layout 
features 610, 620, and 630, Which are part of a single layer 
in a larger IC layout (not shoWn). Feature 610 comprises 
contiguous edges E11, E12, and E13, feature 620 comprises 
contiguous edges E21, E22, and E23, and feature 630 
comprises contiguous edges E31, E32, and E33. Features 
610, 620, and 630 are all similarly siZed. HoWever, only 
feature 610 is positioned over a feature L2, Which is part of 
a different layer (not shoWn) of the IC layout. 

[0060] Feature L2 might, for example, represent a diffu 
sion region, thereby indicating that feature 610 is to be used 
to form a transistor gate. As a critical device component, the 
printed image corresponding to feature 610 probably 
demands much greater accuracy than the printed images 
corresponding to features 620 and 630. Therefore, a shape 
may be de?ned that includes edges E11-E13 of feature 610, 
and also includes edges (or all) of feature L2. By de?ning a 
shape in this manner, critical features such as feature 610 can 
be readily distinguished from less critical features such as 
features 620 and 630. 

[0061] FIG. 6c shoWs a layout transistor feature 650 
comprising a source region 651(a), a drain region 651(b), a 
gate region 652, and an interconnect region 653. Source 
region 651(a) comprises edges 654-659. PSM techniques 
may be used to provide accurate resolution of transistor 
feature 650. For example, by assigning different phases to 
regions 651(a) and 651(b), the accuracy of gate region 652 
can be enhanced. HoWever, an OPC feature such as a gate 
serif 660 may be required to maintain the accuracy of region 
651(a) Where it is not bounded by region 651(b). By de?ning 
a shape that includes edges 656-658, gate serifs can be added 
to all IC layout features similar to region 651(a). 

[0062] FIG. 6a' shoWs a branching shape 660 comprising 
edges 661-673 comprising multiple extremities. This type of 
branching arrangement Would be dif?cult to identify using 
conventional edge-based identi?cation, due to the angular 
relationships of the edges and the multiple arms. HoWever, 
by de?ning the entire collection of edges as a single shape, 
matching IC layout features can be readily identi?ed. IC 
layout features With any number of branches can be identi 
?ed in a similar fashion. 

[0063] FIG. 66 shoWs a shape 680 comprising contiguous 
edges 681-683 and contiguous edges 684-688. Edges 681 
683 form a ?nger feature that is “nested” in a pocket 
formation created by edges 684-688. Edges 681-683 and 










