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OPC SIMULATION MODEL USING SOCS 
DECOMPOSITION OF EDGE FRAGMENTS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 11/062,513, ?led Jul. 26, 2004, 
titled OPC SIMULATION MODEL USING SOCS 
DECOMPOSITION OF EDGE FRAGMENTS, Which 
claims the bene?t ofU.S. Provisional Patent Application No. 
60/547,129, ?led Feb. 24, 2004, titled CONCEPTS IN OPTI 
CAL AND PROCESS CORRECTION, Which are herein 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] To produce modern microdevices such as integrated 
circuits With photolithographic techniques, most photolitho 
graphic reticles or masks employ some sort of resolution 
enhancement technology (RET). Examples of RETs include 
optical and process correction (OPC, sometimes also called 
optical proximity correction), phase shifters, subresolution 
assist features, off-axis illumination and other techniques 
that, in effect, alloW for precompensation of distortions that 
occur in a lithographic patterning system in order to improve 
the ability of the system to print a desired pattern of obj ects on 
a semiconductor Wafer. 

[0003] To apply these RETs, the effect of these distortions 
on the actual geometric structures of a microdevice must be 
predicted. This prediction is usually done using simulation 
tools that correspond to the various aspects of the imaging and 
pattern process, including the lithographic imaging, the 
development and baking of the photoresist, and etching or 
deposition to form the ?nal device structures. For the appli 
cation of conventional RETs to semiconductor integrated 
circuits, the data for each critical layer of an IC is examined 
using various simulators, and the impact of the distortions 
assessed. When the resulting features are predicted to be 
outside of predetermined tolerance ranges, the data de?ning 
the layer is altered to compensate for the distortions. 
[0004] These alterations or corrections are typically carried 
out at the time the device design undergoes ?nal physical 
veri?cation. As shoWn in FIG. 1, a typical design veri?cation 
and RET process includes receiving a data layout ?le 45 or 
portion thereof, that de?nes a desired pattern of objects to be 
created on a Wafer. This is typically a layer of a device layout 
in a standard format such as GDS-II, although other formats 
can also be used. Ultimately, the data in these layers Will be 
used to de?ne the shape of the openings in the photolitho 
graphic reticle or mask that Will be used in a photolithography 
system. Consequently, a simulation of the intensity of the 
projected light from a photomask fabricated from this data at 
any given point on the Wafer is carried out, using an image 
intensity model 50. From the results of the simulated image 
intensity, OPC or other RETs 52 are applied to the layout data 
to compensate for the predicted distortions and improve the 
resolution and pattern ?delity of the printed objects. A cor 
rected layout ?le 54, including the applied RETs, is provided 
to a mask Writing tool 56 that produces a number of masks or 
reticles 58 (hereinafter commonly referred to as a mask) used 
in the lithographic system to produce the desired devices on 
Wafers. 
[0005] In a conventional image intensity model, the light 
passing through various portions of the mask is modeled as a 

Aug. 27, 2009 

binary process With 100% light transmission occurring in 
transparent areas 60 on the mask and 0% transmission occur 

ring in opaque areas 62 of the mask. Alternatively, if other 
types of masks are used such as alternating and attenuating 
phase-shifting instead of chrome-on-glass (COG), a simplis 
tic model is generally assumed Where the mask model is still 
“binary” but the transmission and phase of the various mask 
areas receive appropriate values (6% transmission With 180 
degree phase for attenuating PSM and 100% transmission 
With 180 degree phase for alternating PSM). 
[0006] In fact, phase-shifting masks can have fairly com 
plicated 3-dimensional structures, and are far from “binary”. 
Common phase-shifting structures are created by creating 
topographic structures in the surface of the mask. These are 
illustrated in FIG. 2A. The difference in refractive index 
betWeen the glass mask substrate and air provides a phase 
shift When apertures of different topography are used. When 
this phase-shift is 180 degrees, destructive interference 
occurs betWeen light passing through the tWo apertures, and 
the resulting dark interference fringes in the image on the 
Wafer can have highly desirable contrast and depth-of-focus 
properties. 
[0007] The topographic patterns on the mask, hoWever, can 
also have unintended properties. For the phase shifting struc 
ture shoWn in FIG. 2A, the cross section of the mask shoWs 
tWo apertures side by side, one phase shifted and one not. In 
this case, the phase shift is created by etching into the sub 
strate, although other techniques for mask fabrication by 
selective deposition are also possible. When the tWo apertures 
are of the same Width, a “binary” model Wouldpredict that the 
corresponding images should also be identical. HoWever, in 
fact, additional scattering of light occurs from the edges of the 
etched apertures. This ultimately reduces the intensity of the 
light in the image formed from the phase shifted aperture, as 
shoWn in FIG. 2B. 

[0008] Various techniques can be used to compensate for 
these effects. One is to use a more complicated etch proce 
dure, in Which an “undercut” behind the opaque material is 
formed. This is illustrated in FIG. 2C. This can reduce the 
imbalance betWeen the tWo intensities, but it is not elimi 
nated. The mask is still far from being adequately described 
by a simple “binary” description. The results are exacerbated 
When these masks With topography are used With off-axis 
illumination, Where the topographic structures may have 
more dramatic scattering properties than When used at normal 
incidence. 

[0009] It is knoWn that applying the simplistic “binary” 
model of the mask transmission Will not accurately describe 
the images of the mask, and therefore produces errors in the 
application of RETs to the mask layout. While more sophis 
ticated mask models for computing accurate 3-dimensional 
electromagnetic ?elds at photomasks are knoWn, such as the 
product TEMPEST developed at UC Berkeley and noW 
offered for sale by Panoramic Technologies, they have not 
been implemented in softWare for the veri?cation and RET 
processing of full chip integrated device designs because the 
models are computationally intensive. Using such a solver for 
all the millions of feature edges in a typical IC layout Would 
take an impractically long amount of time4days or even 
Weeks. Results are desired in minutes or hours at the longest. 
Given these problems, there is a need for a system for improv 
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ing the accuracy of image intensity calculations Without sig 
ni?cantly increasing processing time. 

SUMMARY OF THE INVENTION 

[0010] To address these and other concerns, the present 
invention is a method for computing the image intensity 
Within an area of a Wafer When using partially coherent illu 
mination of three-dimensional features on a mask. 

[0011] In one embodiment, the image intensity on a Wafer 
is calculated Within an area referred to as a WindoW of rel 
evance. Features or portions thereof that correspond to the 
WindoW of relevance on the Wafer are decomposed into a 
number of tWo-dimensional areas and into a number of edges 
using a Sum Of Coherent Systems (SOCS) algorithm that 
associates lookup tables that store data related to the contri 
bution to the image intensity from each area and from each 
edge. Each lookup table contains data that is calculated under 
different illumination and coherency conditions or mask fab 
rication parameters. The various lookup tables are addressed 
and data combined to determine the overall illumination 
intensity Within the WindoW of relevance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily appre 
ciated as the same become better understood by reference to 
the folloWing detailed description, When taken in conjunction 
With the accompanying draWings, Wherein: 
[0013] FIG. 1 is a How diagram of a method of applying 
RETs to a layout design using a conventional, binary mask 
model; 
[0014] FIGS. 2A-2C illustrate three-dimensional phase 
shifting features on a mask and the light intensity passing 
therethrough; 
[0015] FIG. 3 illustrates a mask feature having a sample site 
Where image intensities are calculated; 
[0016] FIG. 4 illustrates a conventional method of decom 
posing a feature Within a WindoW of relevance into a number 
of areas using the SOCS algorithm; 
[0017] FIG. 5 illustrates a SOCS lookup table associated 
With the areas of the WindoW of relevance shoWn in FIG. 3; 
[0018] FIGS. 6A-6D illustrate a number of graphs shoWing 
scattered electric ?eld (near ?eld) beloW mask edges of dif 
ferent topographies and under on-axis plane-Wave illumina 
tion With the electric ?eld parallel or perpendicular to the 
direction of the edge; 
[0019] FIGS. 7A-7D illustrate the absolute differences 
betWeen feature edge near electric ?elds as shoWn in FIGS. 
6A-6D and those assumed in a conventional binary mask 
model; 
[0020] FIG. 8 illustrates a series of horizontal edges Within 
a WindoW of relevance in accordance With one embodiment of 

the present invention; 
[0021] FIG. 9 illustrates a series of vertical edges Within a 
WindoW of relevance in accordance With an embodiment of 
the present invention; 
[0022] FIG. 10 illustrates hoW horizontal and vertical edges 
are associated With a number of lookup tables in accordance 
With an embodiment of the present invention; 
[0023] FIGS. 11A-11B illustrate an area and edge decom 
position of a feature or portion thereof in a WindoW of rel 
evance in accordance With an embodiment of the present 

invention; and 
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[0024] FIG. 12 illustrates an embodiment of a system for 
implementing the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0025] As indicated above, the present invention is a system 
for estimating image intensity at any position on a Wafer due 
to illumination of a mask containing three-dimensional fea 
tures during photolithographic processing. The invention can 
be used prior to or during the application of one or more 
resolution enhancement techniques (RETs) that improve the 
ability of a photolithographic imaging system to print a 
desired pattern of objects on a Wafer. FIG. 3 illustrates an 
example of a layout for a three-dimensional mask feature 80 
that corresponds to an object to be printed on a Wafer. The 
feature 80 is typically de?ned in an input layout ?le as a tWo 
dimensional sequence of vertices in a conventional format 
such as GDS-II or OASIS. The vertices are then further 

divided into a number of edge segments 82, 84, 86, 88, 90, 92, 
94. Each edge segment has one or more sample sites 98 
around Which the image intensity is calculated for the purpose 
of deciding if and hoW one or more resolution enhancement 
techniques (RETs) should be applied to the edge fragment. 
The sample site 98 includes a number of sample points 98a, 
98b, 98c, 98d, 98e Where the estimated image intensity is 
calculated. To calculate the image intensity, a small area, 
referred to here as a “WindoW of relevance,” is placed over 
each ofthe sample points 98a, 98b, etc., and a model is used 
to estimate the image intensity at that position on the Wafer. 
The WindoW of relevance is typically sized to be at least an 
optical diameter in Width such that features outside the Win 
doW of relevance do not contribute to the image intensity 
calculation made Within the WindoW of relevance. A typical 
WindoW of relevance has a size of 2x2 pm. 
[0026] FIG. 4 illustrates a conventional algorithm for esti 
mating the image intensity at a point at the center of a WindoW 
of relevance. This algorithm generally knoWn as the Sum Of 
Coherent Systems (SOCS) divides any shape in the WindoW 
of relevance 105 into a plurality of smaller areas. These areas 
are also sometimes called “primitives”, since they tend to be 
chosen to represent fundamental building blocks of the 
shapes used in the layout. SOCS has been described else 
Where, including in the Ph.D. thesis of Nicolas Cobb, “Fast 
Optical and Process Proximity Correction Algorithms for 
Integrated Circuit Manufacturing” University of California, 
Berkeley, Spring, 1998. As is knoWn to those of ordinary skill 
in the art, the SOCS algorithm decomposes any arbitrary 
feature shape Within the WindoW of relevance 105 into a 
number of areas that are speci?ed by the location of their 
non-vertical edges. In the example shoWn, areas Within the 
WindoW of relevance 105 may be de?ned With nine horizontal 
edges 110, 112, 114 . . . 126. HoWever, in practice, the WindoW 
of relevance may be divided into many more such as 1002 
2002 areas. Each area de?ned in the WindoW of relevance may 
be speci?ed by the location of a horizontal line that is oriented 
With respect to an origin Within the WindoW of relevance. In 
the example shoWn, the origin is de?ned in the loWer right 
hand comer of the WindoW of relevance. For example, an area 
110 is de?ned by a horizontal edge having a height of l and a 
length of l in the WindoW of relevance. An area 112 is de?ned 
by a horizontal edge having a height of l and a length of 2 in 
the WindoW of relevance, etc. Each of the areas is shoWn as 
shaded to illustrate that, in a binary mask model, the illumi 
nation light is presumed to be blocked in the area of the 
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WindoW of relevance and fully transmitted outside the area of 
the WindoW ofrelevance. Each ofthe areas 110, 112, 114 . . . 

126 is used to estimate the image intensity at a center point 
10511 in the WindoW of relevance 105. 

[0027] FIG. 5 illustrates a lookup table 140 associated With 
the series ofareas 110,112,114.. .126 shoWn in FIG. 4. Each 
entry in the lookup table stores a precalculated complex num 
ber used to compute the image intensity at the center of the 
WindoW of relevance. In the conventional SOCS algorithm, 
the image intensity, i, at any given point x, y, on the Wafer is 
calculated by 

K 

Where 

UK is a Weight and hK is a kernel, and m is the binary mask 
model discussed above. Equation 1 is also knoWn as a “Kirch 
hoff decomposition.” Because multiple kernels are used in 
estimating the image intensity, there is a separate lookup table 
of the type shoWn in FIG. 4 for each kernel. Each lookup table 
contains the values of the convolution products hk(x,y) ®m(x, 
y) for the area shapes. Therefore, to estimate the image inten 
sity Within a WindoW of relevance, the SOCS algorithm 
decomposes a feature in the WindoW of relevance into a num 
ber of areas and uses the appropriate lookup tables to com 
plete Equation 1. As discussed above, the Kirchhoff decom 
position shoWn in FIGS. 4 and 5 and described by Equation 1 
uses a binary mask model that may produce errors in the 
application of RETs to a mask. 

[0028] FIG. 6A illustrates simulated scattered electric ?eld 
values near the edge of a mask feature that are computed With 
a more sophisticated model versus the results assumed for a 
binary mask model. The graphs of FIG. 6A are calculated 
assuming the electric ?eld of the illumination light is parallel 
to the edge in question and the mask has no undercut portion 
of the chromium layer. Image intensity calculations are 
shoWn for situations Where the edge is adjacent a clear area 
With no phase shift, a phase shifter of 180°, a phase shifter of 
360° and a Kirchhoff mask, Which is the “binary” model and 
is contrasted on the plot to shoW the differences in models. 

[0029] FIG. 6B illustrates simulated scattered electric ?eld 
values near an edge of a mask feature versus the results 
assumed for a binary mask model Where the electric ?eld of 
the illumination light is parallel to the edge in question and the 
edge is adjacent to a 180° phase shifter. Calculations are also 
shoWn for undercuts of 0, 25, 50 and 75 nanometers under 
neath a chromium layer. 

[0030] FIG. 6C illustrates simulated scattered electric ?eld 
versus those assumed for a binary mask model as shoWn in 
FIG. 5A but With the electric ?eld perpendicular to the edge in 
question. Similarly, FIG. 5D illustrates simulated scattered 
electric ?eld values versus those assumed for a binary mask 
model as shoWn in FIG. 5B but With the electric ?eld perpen 
dicular to the edge in question. 
[0031] FIGS. 7A-7D illustrate the absolute value of the 
differences betWeen the scattered electric ?eld calculated as 
shoWn in FIGS. 5A-5D With the scattered electric ?eld that is 
assumed When using the binary mask model. 
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[0032] A complete description of the more accurate mask 
model used to produce the graphs in FIGS. 5A-5D can be 
found in the PhD. thesis “Domain Decomposition Methods 
for the Electromagnetic Simulation of Scattering from Three 
Dimensional Structures With Applications in Lithography” 
by Konstantinos Adam, University of California, Berkeley, 
2001, and US. patent application Ser. No. l0/677,l36 ?led 
Sep. 20, 2003 by Konstantinos Adam, Which are herein incor 
porated by reference. 
[0033] To better simulate the image intensity on a Wafer due 
to the illumination of a three dimensional object on a mask for 
the real time use in OPC or other RET enhancement tools, the 
present invention also considers the effects of the edges of the 
mask features on the image intensity calculated in the WindoW 
of relevance. FIG. 8 shoWs a series of horiZontal edges 152, 
154, 156 . . . 168 de?ning the possible position ofa horiZontal 
edge in a WindoW of relevance 150 as measured from an 
origin in the loWer right hand comer. FIG. 9 shoWs a series of 
vertical edges 172, 174, 176 . . . 188 that de?ne the possible 
position of vertical edges in a WindoW of relevance 150 as 
measured from a loWer right hand comer. 

[0034] To produce a more accurate estimate of the image 
intensity at any given point on the Wafer, the present invention 
takes into consideration the effects of the horiZontal, vertical 
or diagonally oriented edges of the one or more features in the 
WindoW of relevance When exposed under different illumina 
tion conditions (?eld polariZation and coherency properties). 
The SOCS algorithm decomposes the one or more features in 
the WindoW of relevance into a number of areas and into a 
number of edges that may be vertical, horiZontal, diagonal or 
oriented in some other direction Within the WindoW of rel 
evance and uses lookup tables that are pre-calculated for the 
exposure conditions for each area and edge in order to calcu 
late the overall image intensity. FIG. 10 illustrates a number 
of lookup tables in Which entries are found for the edges that 
de?ne the possible con?gurations of horiZontal and vertical 
edges that make up features or portions thereof in a WindoW of 
relevance. As can be seen, each edge is associated With at least 
four lookup tables that store precomputed, complex numbers 
that are used to compute the image intensity Within the Win 
doW of relevance. The values stored in the lookup tables are 
precomputed using the mask models described in the Adam 
PhD. thesis, referenced above, taking into consideration the 
polariZation of the illumination light and the position of the 
edge With respect to the feature. For example, calculations are 
made considering Whether its edge is above or beloW the mask 
feature for horiZontal edges or to the left or the right of the 
mask feature for vertical edges. In addition, separate lookup 
tables can be used for other edge parameters such as an 
amount of undercut or the edge’s position next to a phase 
shifter, etc. Finally, separate lookup tables are required for 
each kernel to be used in the simulation. Each one of the edges 
shoWn in FIG. 8 and FIG. 9 have associated mask transmis 
sion functions m(x,y) that are constructed based on the 
respective signals of the form shoWn in FIG. 7A-7Diit is 
understoodthat the appropriate signal is selected based on the 
direction of ?eld polarization, the mask fabrication properties 
and the relative position of the layout geometry. 
[0035] FIGS. 11A and 11B illustrate hoW any arbitrary 
feature or portion thereof Within a WindoW of relevance is 
analyZed by the present invention to improve the accuracy 
With Which the image intensity is calculated. To calculate the 
image intensity, the contribution to the area of the feature(s) is 
calculated in a similar manner to that described above and 
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shown in FIGS. 4 and 5. That is, a Kirchhoff decomposition is 
performed to decomposing a shape in a WindoW of relevance 
into a number of areas de?ned by the location of the area’s 
horizontal edges Within the WindoW of relevance. For 
example, in the WindoW of relevance 190, a feature 192 has an 
area that can be de?ned ?rst horizontal edge 194 and a second 
horizontal edge 196. Because of the linearity of the SOCS 
model, the intensity calculation can be divided into parts. 
Therefore, the image intensity calculations performed for the 
area of the feature 192 uses the complex values stored in the 
lookup table for the edge (2,3) minus the values stored for the 
edge (2,1) (to de?ne the area bounded by the edge 194) less 
the difference of complex values stored for the edge (1,3) 
minus the values stored for the edge (1 ,2) (to de?ne the area 
bounded by the edge 196). 
[0036] Unlike the conventional SOCS decomposition, the 
Kirchhoff model decomposition shoWn in FIG. 11A is per 
formed using lookup tables that store values calculated 
assuming that the kernels are derived for polarized light. TWo 
mutually perpendicular directions generally suf?ce to model 
unpolarized illumination and in the present embodiment 
these tWo are chosen to be the x-direction and the y-direction. 
HoWever, additional tables could be used assuming other 
polarizations of light if desired. 
[0037] In addition to computing the Kirchhoff decomposi 
tion as shoWn in FIG. 11A that accounts for the contribution 
to the image intensity due the area of the feature(s) Within the 
WindoW of relevance, the present invention also computes the 
effect that the edges of the feature(s) have on the image 
intensity. Therefore, the feature(s) in the WindoW of relevance 
190 is decomposed into its various horizontal and vertical 
edges and the appropriate lookup tables are selected accord 
ing to the polarization of the illumination light, Whether the 
feature is above, beloW, to the left or right of the edge in 
question as Well as for the particular kernel to be used. 

[0038] For the example shoWn in FIG. 11B, the feature 192 
has a horizontal edge 194 Where the feature is located beloW 
the edge segment. Similarly, the horizontal edge 196 has the 
feature located above the edge fragment. As shoWn in FIG. 
10B, the calculation of the image intensity for the horizontal 
edge 194 that is part of the feature 192 is performed by taking 
the values in the appropriate lookup table for the edge (2,3) 
and subtracting the values stored for the edge (2,1). Similarly, 
the contribution to the intensity due to the vertical edge 198 is 
computed by taking the values stored for the edge (2,1) in 
question minus 0 (because the edge (2,1) completely 
describes the edge 198). Similarly, the calculation done for 
the vertical edge 200 is performed by taking the values stored 
in the appropriate lookup table for the edge (1,2) minus 0 
(again because the edge (1,2) describes the vertical edge 200 
completely). Finally, the calculation done for the horizontal 
edge 196 is performed by taking the values stored in the 
appropriate lookup table for the edge (1,3) Where the edge is 
beloW the feature in question minus the values stored in the 
lookup table for the edge (1 ,2). Again, the calculation shoWn 
in FIG. 10B is performed assuming a linearpolarization of the 
illumination light in the x-direction (parallel to the horizontal 
edges). Next, a calculation is done Whereby a Kirchhoff 
decomposition is performed that computes the contribution 
of the image intensity due to the areas of the feature(s) Within 
the WindoW of relevance assuming a linear polarization in the 
y-direction (that is parallel to the vertical edge segments) and 
a decomposition of the features into the horizontal, vertical 
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and/or diagonal edges but using lookup tables that are com 
puted for the edge segments assuming the y-direction polar 
ization of light. 
[0039] As With a conventional SOCS algorithm, the pro 
cess is repeated using lookup tables populated With data for 
each kernel used in the calculation. 
[0040] The folloWing equations de?ne hoW the partial 
results computed as shoWn in FIGS. 10A and 10B are com 
bined to estimate the image intensity at the center of the 
WindoW of relevance by: 

Where i is the intensity in the WindoW of relevance and in is 
the intensity due to the illuminative light that is linearly 
polarized parallel to the x direction in the WindoW of rel 
evance and iyy is the intensity due to the illumination light that 
is linearly polarized parallel to the y direction in the WindoW 
of relevance, m,C is the mask transmission function under 
linear-x polarization that includes the additional correction 
signals per edge as shoWn in FIGS.11A and 11B and my is the 
mask transmission function under linear-y polarization that 
includes the additional correction signals per edge. The con 
volution products shoWn in Eq. 3 and Eq. 4 are evaluated 
using the lookup table framework of the SOCS method that is 
pictorially described in FIGS. 11A and 11B. 
[0041] The convolution products that constitute the lookup 
tables (convolution of mask primitives With respective ker 
nels) are best computed in the Fourier domain Where the 
spectrum of the kernels and the spectrum of the primitive 
mask transmission function are utilized. Other Ways can be 
used for the computation of such convolution products such 
as direct numerical computation of the convolution operation 
[0042] As can be seen, the present invention utilizes the 
SOCS algorithm to produce a more accurate estimate of the 
image intensity at any point on a Wafer in a Way that is not 
computationally intensive by utilizing lookup tables associ 
ated With each of the horizontal and vertical edge fragments 
of the feature Within a WindoW of relevance. 
[0043] Although the present invention is shoWn and 
described With respect to edges in the WindoW of relevance 
that are parallel and perpendicular, it Will be appreciated that 
other edges can be calculated such as diagonal edges or, in 
general, edges of arbitrary orientation in the layout. Lookup 
tables for each edge orientation that is present in the layout 
can be created similarly according to the methodology shoWn 
in FIG. 8 or FIG. 9. The (i, j) position of each lookup table 
refers to the starting vertex of each edge and the other vertex 
alWays extends to the boundary of the WindoW of relevance. 
Different lookup tables for linear x and linear y polarizations 
and for different kernels, different mask topographies and 
different relative positions of the edge With respect to the 
feature are created, similar to the procedure explained for 
horizontal and vertical edges as shoWn in FIGS. 8, 9 and 10. 
The additional signal of the sort shoWn in FIGS. 7A-7D that 
is needed for edges of arbitrary orientation can be synthesized 
by the signals shoWn in FIGS. 7A-7D because of the linearity 
of the electric ?eld. 
[0044] FIG. 12 illustrates one embodiment of a system for 
implementing the present invention. A computer system 300 
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receives a set of executable instructions on a computer read 
able medium 302 such as a CD-ROM, DVD, ?oppy disk or 
over a network connection. The computer 300 executes the 
instructions to read a layout data ?le 304 that describes one or 
more layers of a device to be created and estimates the image 
intensity at various locations as described above. The instruc 
tions may be contained as a stand-alone program that pro 
duces a computer readable output ?le 306 of the computer 
image intensities for use by other programs. Alternatively, the 
instructions may be integrated into other veri?cation and 
optimiZation programs for the addition of RETs to layout 
design, such that the output ?le 306 de?nes an RET corrected 
design that may be provided to a mask Writer for use in a 
lithographic process. 
[0045] The computer system 300 may be a stand-alone 
system of a distributed computer netWork. Furthermore, the 
computer system 300 may be located in another country and 
may transmit the ?le 306 into the United States or its territo 
ries. 
[0046] Although the invention has been described as a tech 
nique for improving the computation time of intensities aris 
ing from 3D structures such as phase shifters on photomasks 
for the fabrication of integrated circuits, it Will be appreciated 
that this may be useful for the fabrication of any device Where 
these process distortions can be corrected using these tech 
niques. These devices may include the photomask itself, inte 
grated optical devices, micro-electromechanical systems 
(MEMS), optical recording and data storage devices, bio 
chips, and any other application Where fast and accurate com 
putation of an image is needed. 
[0047] While the preferred embodiment of the invention 
has been illustrated and described, it Will be appreciated that 
various changes can be made therein Without departing from 
the scope of the invention. It is therefore intended that the 
scope of the invention be determined from the folloWing 
claims and equivalents thereof. 

1. A method for evaluating the image intensity formed in 
the image plane of a photolithographic imaging system, com 
prising: 

receiving at least a portion of a layout ?le that de?nes 
features corresponding to one or more objects to be 
created in a microdevice; 

dividing the layout ?le received into a number of WindoWs 
of relevance that include one or more features or por 

tions thereof; 
for each WindoW of relevance: 

decomposing the features or portions thereof in the Win 
doW of relevance into a number of areas; and 

retrieving data from a set of lookup tables associated 
With each area, Wherein the data stored in the area 
lookup tables is related to the each area’s contribution 
to the image intensity Within the WindoW of relevance; 

decomposing the features or portions thereof in the Win 
doW of relevance into a number of edges; 

retrieving data from a set of lookup tables associated 
With each of the edges, Wherein the data stored in the 
set of edge lookup tables is related to each edge’s 
contribution to the image intensity Within the WindoW 
of relevance; and 

combining the data from the lookup tables to compute 
the image intensity Within the WindoW of relevance 
due to the area of the features or portions thereof in the 
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WindoW of relevance and due to the edges of the 
features or portions thereof in the WindoW of rel 
evance. 

2. The method of claim 1, Wherein the data in the lookup 
tables associated With the area and edges of the features or 
portions thereof in the WindoW of relevance are calculated 
under different and independent illumination conditions. 

3. The method of claim 2, Wherein the different and inde 
pendent illumination conditions assume linear polariZed light 
that is oriented in orthogonal directions. 

4. The method of claim 2, Wherein the lookup tables store 
data for each edge assuming an illumination light that is 
linearly polariZed parallel to an edge. 

5. The method of claim 2, Wherein the lookup tables store 
data for each edge assuming an illumination light that is 
linearly polariZed perpendicular to an edge. 

6. The method of claim 2, Wherein the lookup tables store 
data for each edge that is calculated taking into account the 
position of the edge With respect to a corresponding feature or 
portion thereof. 

7. The method of claim 1, Wherein the lookup tables store 
data for each edge taking into account hoW the corresponding 
feature or portion thereof Will be created on a mask. 

8. The method of claim 1, Wherein each tables associated 
With the areas and edges of the features or portions thereof is 
computed With a different kernel. 

9. A computer readable medium containing a plurality of 
lookup tables for use in a SOCS algorithm, including a plu 
rality of lookup tables having data associated With areas in a 
WindoW of relevance that relate the area’s contribution to an 
image intensity Within the WindoW of relevance, and a plu 
rality of lookup tables having data associated With the posi 
tion of a number of edges Within the WindoW of relevance that 
relate each edge’s contribution to the image intensity Within 
the WindoW of relevance. 

1 0. The computer readable medium of claim 9, Wherein the 
data in each of the lookup tables is computed assuming dif 
ferent and independent illumination conditions. 

11. The computer readable medium of claim 10, Wherein 
the different and independent illumination conditions 
assumes linearly polariZed light that is oriented in orthogonal 
directions. 

12. The computer readable medium of claim 10, Wherein 
the different and independent illumination conditions takes 
into considerations each edge’s position With respect to a 
feature or portion thereof in the WindoW of relevance. 

13. In a method for use in optical proximity correction in 
mask design, a method for simulating light scattering in open 
ings in the mask comprising the steps of: 

a) de?ning openings in the mask by edges; 
b) simulating light scattering by the edges, and 
c) summing the simulated light scattering by the edges to 

simulate light scattering in mask openings, the improve 
ment comprising: 

storing precomputed data in lookup tables associated With 
the edges, Wherein the data is calculated assuming a 
variety of independent illumination and polariZation 
conditions. 

14. In a method for use in inspecting photomasks, a method 
for simulating light scattering in openings in the mask com 
prising the steps of: 

a) de?ning openings in the mask by edges; 
b) simulating light scattering by the edges, and 
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c) summing the simulated light scattering by the edges to 
simulate light scattering in mask openings, the improve 
ment comprising: 

storing precomputed data in lookup tables associated With 
the edges, Wherein the data is calculated assuming a 
Variety of independent illumination and polarization 
conditions. 

15. A method for correcting a microdevice layout for pro 
cessing effects, comprising: 

simulating the intensity of the image of at least a portion of 
a photomask under predetermined conditions of illumi 
nation angle and polarization; 

storing the simulation results in a lookup table; 
accessing a layout for a layer of a microdevice; 
dividing the features Within layout into edges; 
determining Which entries in the lookup table correspond 

to the edges in the layout; 
creating an image by summing the entries stored in the 

lookup that correspond to the edges in the layout; 
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using the resulting image to compute an edge placement 
error that Will occur When in the image is printed by a 
lithographic system; 

altering the layout ?le to reduce the edge placement error, 
and outputting the altered layout ?le. 

1 6. A method of preparing layout data for the application of 
one or more RETs, comprising: 

determining the image intensity at a point on a Wafer due to 
the illumination of a feature on a mask; and 

adjusting the image intensity for a number of edges of the 
feature using a SOCS algorithm. 

17. The method of claim 15, Wherein: 
the SOCS algorithm adjusts the image intensity for a num 

ber of edges by accessing a number of tables having 
precomputed data therein that relate to the image inten 
sity contributed by each edge, Wherein each table has 
data computed under different illumination conditions. 

* * * * * 


