METHOD AND APPARATUS FOR PERFORMING MODEL-BASED OPC
FOR PATTERN DECOMPOSED FEATURES Related Applications
[0001) This application claims priority from US Provisional Application No.
601844,074 on September 13, 2006, which is incorporated herein by
reference. Field of the Invention [0002] This disclosure relates generally to
performing optical proximity (OPC) correction to a mask design, and more
particularly, it relates to a method of perfprming OPC to a mask design
which has been decomposed into multiple patterns, and which will be
imaged utilizing a multiple exposure process (also referred to as
double-patterning (DPT)). Background [0003] Lithographic apparatus can
be used, for example, in the manufacture of integrated circuits (ICs). In
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In general, a single wafer will contain a whole network of adjacent target
portions that are successively irradiated via the projection system, one at
a time. In one type of lithographic projection apparatus, each target
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on September 13, 2006, which is incorporated herein by reference.

Field of the Invention

[0002]  This disclosure relates generally to performing optical proximity (OPC)
correction to a mask design, and more particularly, it relates to a method of performing OPC
to a mask design which has been decomposed into multiple pattems, and which will be

imaged utilizing a multiple exposure process (also referred to as double-pattetning (DPT)).

Background
[0003]  Lithographic apparatus can be used, for example, in the manufacture of integrated

circuits (ICs). In such a case, the mask may contain a circuit pattern corresponding to an
individual layer of the IC, and this pattem can be imaged onto a target portion (eg.
comprising one or more dies) on a substrate (silicon wafer) that has been coated with a layer
of radiation-sensitive material (resist). In general, a single wafer will contain a whole
network of adjacent target portions that are successively irradiated via the projection system,

oneat atime. In ene type of lithographic projection apparatus, each target portion is




referred to as a step-and-scan apparatus, each target portion is irradiated
by progressively scanning the mask pattern under the projection beam in
a given reference direction (the "scanning" direction) while synchronously
scanning the substrate table parallel or anti-parallel to this direction.
Since, in general, the projection system will have a magnification factor M
(generally < 1), the speed 'V at which the substrate table is scanned will
be a factor M times that at which the mask table is scanned. More
information with regard to lithographic devices as described herein can be
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reference. [0004] In"a manufacturing process using a lithographic
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for each new layer, Eventually, an array of devices will be present on the
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[0004]  Inamanufacturing process using a lithographic projection apparatus, a mask
pattern is imaged onto a substrate that is at least partially covered by a layer of
radiation-sensitive material .(resist). Prior to this imaging step, the substrate may undergo
various procedures, such as priming, resist coating and a soft bake. After exposure, the
substratc may be subjected to other procedures, such as a post-exposure bake (PEB),
development, a hard bake and measurement/inspection of the imaged features. This array of
procedures is used as a basis to pattern an individual layer of a device, e.g., anIC. Sucha
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
off an individual layer. If several layers are required, then the whole procedure, or a variant
thereof, will have to be repeated for each new layer, Eventually, an array of devices will be

present on the substrate (wafer). These devices are then separated from one another by a




technique such as dicing or sawing, whence the individual devices can be
mounted on a carrier, connected to pins, etc. [0005] For the sake of

simplicity, the projection system may hereinafter be referred to as the

"lens;" however, this term should be broadly interpreted as encompassing
various types of projection systems, including refractive optics, reflective
optics, and catadioptric systems, for example- The radiation system may

also include components operating accogding to any of these design

types for directing, shaping or controlling the projection beam of radiation,
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singularly, as a "lens." Further, the lithographic apparatus may be of a
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tables). In such "multiple stage" devices the additional tables may be
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~or interconnect lines, so as to ensure that the circuit devices or lines do
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be used in parallel, or preparatory steps may be carried out on one or more tables while one
or more other tables are being used for exposures. Twin stage lithographic apparatus are
described, for example, in US 5,969,441, incotporated herein by reference.

[0006]  The photolithographic masks referred to above comprise geometric pattems
correspénding to the circuit components (o be integrated onto a silicon wafer, The patterns
used to create such masks are generated utilizing CAD (computer-aided design) programs,
this process often being referred to as EDA (electronic design automation). Most CAD
programs follow a set of predetermined 'design rules in order 1o create functional masks.
These rules are set by processing and design limitations. For example, design rules define
the space tolerance between circuit devices (such as gates, capacitors, etc.) or interconnect

lines, so as to ensure that the circuit devices or lines do not interact with one another in an

undesirable way. The design rule limitations are typically referred to as "critical dimensions”




4 (CD). A critical dimension of a circuit can be defined as the smallest
width of a line or hole or the smallest space between two lines or two
holes. Thus, the CD determines the overall size and density of the
designed circuit. [00071 Of course, one of the goals in integrated circuit
fabrication is to faithfully reproduce the original circuit design on the wafer
(via the mask). One technique, which is currently receiving attention is
double-patterning or DPT. Generally spgaking, double patterning is an
exposure method that involves splitting (i.e., dividing or separating) a
déride &icciiitabattermioiofwoisepainle: defificd @8 He BRUBENSK BT a line or hole
simplified patterns are then printed separately on a target wafer utilizing
twbtkeyartest srasskbefwirarbvotipes bittentabls EutiiiheCDalimagaceie: Oferall
the less-dense patterns, and the other mask is utilized to image the other
sk 28d deesituatthrdesignersicctie second pattern is printed in between

e first pattern such that the imaged wafer has, for example,
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occur when imaging features having increasingly smaller CDs, such as
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individual masks will often result in the final imaged pattern exhibiting
R dRasF CoREIhs lsps-dense patterns, and the other mask is utilized to image the other less-
dense patterns). Further, the second pattern is printed in between the lines of the first pattern
such that the imaged wafer has, for example, a feature pitch which is half that found on either
of the two masks. This technique effectively lowers the complexity of the lithography
process, improving the achievable resolution and enabling the printing of far smaller features
than would otherwise be possible.
[0008]  However, while it possible to determine how to separate a target pattern into twa
separate masks, as explained further below, standard OPC treatments of the respective masks
is often insufficient to obtain acceptable imaging petformance. This is due in part to the
stronger proximity effects that occur when imaging features having increasingly smaller
CDs, such as for example, in the 32 nm mode. Indeed, standard OPC treatments to the
individual masks will often result in the final imaged pattern exhibiting broken contours or

line breaks.




line breaks. s [0009] Accordingly, it is an object of the present invention to
provide a method and apparatus for applying OPC to a mask design
which has been decomposed into multiple patterns/masks in a
double-patterning process, which overcomes the aforementioned
problems. Summary [0010] In view of the foregoing it is an object of the
present invention to provide an improved process for performing
decomposition of a target pattern to be utilized in a double- patterning
process, which provides for improved imaging results [0011] More
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target circuit pattern containing features to be imaged into multiple
rppeens Hheppraes CPwudestiesie ihioh sePscaling i fsal Riaitfe
printed into a first pattern and a second pattern; performing a first optical
rotemity s izciidouple passtingtie dits) paItE GvasehibehseeaeRRaten;
determining an imaging performance of the first pattern and the second
paekdermsdetermining a first error between the first pattern and the imaging
performance of the first pattern, and a second error between the second
pattern and the imaging performance of said second pattern; utilizing the
first error to adjust the first pattern to generate a modified first pattern;
gﬂ izing the second error to adjust the second pattern to generate a
second pattern; and applying a second optical proximity
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pattern. [0012] The process of present invention allows for the

Heaoveppaiies RirpaieRila 8&lomposition of a target pattern to be utilized in a double-

patterning process, which provides for improved imaging results.

[0011] More spcciﬁcélly, the present invention relates to a method for decomposing a
target circuit pattem containing features to be imaged into multiple patterns. The process
includes the steps of separating the features to be printed into a first pattern and a second
pattern; performing a first optical proximity correction process on the first pattern and the
second pattem; determining an imaging performance of the first pattern and the second
pattern; determining a first error between the first pattern and the imaging performance of the
first pattern, and a second error between the second pattern and the imaging performance of
said second pattern; utilizing the first error to adjust the first pattern to generate a modificd
first pattern; utilizing the second error to adjust the second pattetni to generate a modified
second pattern; and applying a second optical proximity correction process to the modified
first pattern and the modified second pattem.

[0012]  The process of present invention allows for the decomposition of a given target

pattern into multiple pattems, which when imaged in a multiple illwmination process, such as




pattern into multiple patterns, which when imaged in a multiple illumination
process, such as fl 6 double-patterning, accurately reproduce the desired
target pattern within acceptable error criteria. Importantly, the foregoing
process eliminates the broken lines and disconnects occurring in the
stitching areas between the decomposed patterns. [0013) Although
specific reference may be made in this text to the use of the invention in
the manufacture of ICs, it should be expjicitly understood that the
invention has many other possible applications. For example, it may be
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that, in the context of such alternative applications, any use of the terms
"petiiang infhéetitehing rtanbitivetaxhe Heulohirecnsigased as being

replaced by the more general terms "mask," "substrate” and "target
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appreciate that, in the context of such alternative applications, any use of the terms “reticle,”
“wafer” or “die” in this text should be considered as being replaced by the more general
terms “mask,” “substrate” and “target portion,” respectively.

[0014]  The invention itself, together with further objects and advantages, can be better

understood by reference to the following detailed description and the accompanying,

drawings.

Brief Description of the Drawings

[0015]  Figs. 1 and 2 illustrate an example of a pattern decomposition process.

[0016]  Fig. 3 isa graph of the average image intensity of the tesulting image of the
double exposure process shown in Figs. 1 and 2.

[0017]  Fig. 4 illustrates examples regarding how a given paitern feature can be split into
separate features,

[0018]  Fig. 5 illustrates the application of OPC techniques to the decomposed pattern

example shown in “Split 1” of Fig. 4.




separate features, [001$] Fig, 5 illustrates the application of OPC
techniques to the decomposed pattern example shown in "Split 1" of Fig.
4, 7 [0019] Fig. 6 illustrates an exemplary flowchart illustrating the
process of decomposing a target pattern into multiple patterns and
applying OPd treatments to the decomposed patterns in accordance with
the present invention. (0020) Figs. 7-11 illustrate examples of the process
set forth in the flowchart of Fig. 6. [00214 Fig. 12 is an exemplary block
diagram illustrating a computer system which can implement a process of

ofdaifing ofiind ibeisdier iianenglareimedalNaRmMALe & aprAIINT Roiposing a
embodiment of the present invention. [0022] Fig. 13 schematlcally depicts
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mask designed with the aid of an embodiment of the present invention.
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whighweieniban tiilizedas v asls to generate two separate masks. One

such method is referred to-as the coloring line method (CLN). Figs. 1-3
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suitable for nse with a mask designed with the aid of an embodiment of the present invention.

Detailed Description

(0023]  This disclosure illustrates a method of applying OPC treatments fo mask patterns

resulting from the decomposition of a target pattern into the multiple mask patterns for use in
a double-patterning process. Prior to discussing the OPC process of the present invention, a
brief overview of the decomposition process is provided.

[0024]  Various techniques are known for separating (also referred to as coloring) the
target pattern into two separate patterns, which are then utilized as the basis to generate two
separate masks. One such method is referted to as the coloring line method (CLN). Figs. 1-3
illustrate an exemplary process of the coloring line method. Referring to Fig, 1, a target
pattern 10 is first colored, for example, based on pitch to identify which features will be
assigned to the separate masks, In the given example, the short features 12 are assigned to a
first mask 16 and the long features 14 are assigned to a second mask 18. As shown, the

resulting pitch hetween features in the resulting masks is twice the pitch between the features




pattern 10 is first colored, for example, based on pitch to identify which
features will be assigned to the separate masks. In the given example,
the short features 12 are assigned to a first mask 16 and the long
features 14 are assigned to a second mask 18. As shown, the resulting
pitch between features in the resulting masks is twice the pitch between
the features 8 in the original target mask, which thereby allows for proper
imaging of the features. After the targetgpattern is decomposed into
separate masks/patterns, OPC can be applied to the individual masks 20,

2 g shigisl iarfigimbsi0OARh@nea Jl IR Gl 1RBpRISALISRRPIRICGes. After
wafer is subjected to two exposures, first utilizing the first mask 20 and
titflertargiviatiainassiecomgoned skt@ & fhawenaksthaente OPC expasapstiatos the
also be reversed) and then etched so as to generate the desired pattern in
tiRdividal ragskshdnA2iasshywa isig. reference numeral 24). The resulting

image represents an "OR" combination of the first and second exposure
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pracess the average intensity modulation is supstantially flat, [0026] It is
R P 2L T LT G SEFS ST N oy order of

' r.splitting a target pattern into multiple patterns. First, |
DS SRR BB et o e
REFEIeRARARH ML PSR R HES OS2 A TR RNMIGTONS IRIARRA,
performing the decomposition process for a'given patter%.%’é.

HORtratesm R beme Fffale g t it n
olRiffaie niaxa BxplRaLAgBEEing %ﬁ% 50,3&; oted
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the vertical line 45. "Split 2" illustrates the H-shaped feature being

ERSESInpo el fartitee 1mtéd thhietheeetivavirieud Snethintiacisi teehitigess doigi@fmposing
or splitting a target pattern into multiple patterns. First, there are both rule-based and model-
based techniques for performing the decomposition process. Second, there are also

| numerous options for performing the decomposition process for a given pattern. Fig. 4

illustrates a number of different examples regarding the decomposition of the same paﬁern.
Referring to Fig, 4, “Split 1" illustrates the H-shaped feature having horizontal lines 41, 43
being decomposed in the center of the vertical line 45, “Split 2” illustrates the H-shaped
feature being decomposed at the point the vertical line 45 contacts the inner edge of
horizontal line 43. “Split 3” illustrates the H-shaped feature being decomposed at the point
the vertical line 43 contacts the outer edge of horizontal line 43.

[0027]  Once the target pattern is separated into two or more patterns, OPC techniques

can be applied to the individual patterns. However, current processes apply the OPC

treatment directly to the decomposed patterns. Fig. 5 illustrates the application of OPC




horizontal line 43. "Split 3" illustrates the H-shaped feature being
decomposed at the point the vertical line 43 contacts the outer edge of
horizontal line 43. [0027] Once the target pattern is separated into two or
more patterns, OPC techniques can be applied to the individual patterns.
However, current processes apply the OPC treatment directly to the
decomposed patterns. Fig. 5 illustrates the application of OPC 9

techniques to the decomposed pattern example shown in "Split I" of Fig.

4. As shown, the decomposed feature, corresponding to decomposed
faaduneydds 45 Bs IBSIRR I AR CxARRAL RN SES pIafere P o8, WMRKAhown, the
51). It is noted that the shape of feature 41 is modified during the OPC
tréaimnegobethfatidijoorrébgofiRig fsektoaps s dnedudeithetidtitian of OPC
assist features 52 (or scatter bar features) to the mask pattern. Next, the
ORgmevie: pafterncs tumerailfded tdsgenel tte thewbai, of fietwis 41 is modified
iIIuminate(?@%)r simulated) to determine the printed contour resulting from
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example, the resulting printed_contour 55 is illustrated in Fig. S. As
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shortened intefconnect section. As a result, the combined result of the
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undesirable line break as shown in Fig. 5, and thereforé does not produce
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significant at the 32 tun mode due to the stronger optical proximity effects

abs ocyeltag wibthicsimalionceitreapdidiep sicther égtireenkibis atshortened interconnect
section. The opposing feature 43 disposed in a separate mask pattern, which has also been
treated with OPC, also exhibits a shortened interconnect section. As a result, the combined
result of the multiple imaging process produces a final contour 59 which exhibits an _

- undesirable line break as shown in Fig. 5, and therefore does not produce the desired contour
57. It is noted that this problem becomes more significant at the 32 nm mode due to the
stronger optical proximity effects associated with smaller critical dimension requirements at
this mode of operation. The process of the present invention eliminates the foregoing issues.
[0029]  Fig. 6 illustrates an exemplary flowchart illustrating the process of decomposing a
target pattern into multiple patterns and applying OPC treatments to the decomposed patterns
in accordance with the present invention. Referring to Fig. 6, the first step (Step 61) in the

process is to define the original target (also referred to as the target pattern). The target

pattern is then decomposed (Step 62) into multiple patterns (63, 64) utilizing any suitable




this mode of operation. The process of the present invention eliminates

the foregoing issues. [00291 Fig. 6 illustrates an exemplary flowchart
illustrating the process of decomposing a target pattern into multiple

patterns and applying OPC treatments to the decomposed patterns in
accordance with the present invention. Referring to Fig. 6, the first step

(Step 61) in the process is to define the original target (also referred to as

the target pattern). The target pattern isithen decomposed (Step 62) into
multiple patterns (63, 64) utilizing any suitable 10 rule-based or

muotiebised editedetgse techenpipdstnghpadiarpaidtns noteshib@iHRIGAM Ly the
the decomposition process focuses on the densely spaced features in the
grsAmRRsigratterernioctses nothedtinalfeptoed feaameb énplecgicbinaigrattern as
mask pattern. The next step (Step 65) is to apply an OPC treatment to
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resu tir;g %%tour of the decomposed patterns with respect to the target
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a rule-based or model-based OPC treatment may be utilized to apply
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program may be utilized to determined the imaging performance of the.
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the_error in each of the stitching areas is utilized as a
esired decomposed contour. It is noted that any suitable OPC treatment such as a rule-based

or model-based OPC treatment may be utilized to apply OPC to the decomposed patterns, In
addition, any suitable simulation program may be utilized to detenﬁined the imaging
performance of the decomposed patterns treated with OPC.

[0030] In the next step (Step 67), the error in each of the stitching areas is utilized as a
basis to adjust the original decomposed patterns to generate new decomposed patterns, which
become the desired target patterns. More specifically, the amount of error (e.g., the amount
of feature shortening exhibited) is added to the original decomposed pattern in the
corresponding stitching area so as to form the new decomposed pattern, This can be

accomplished, for example, by approximating the size of the errot arca utilizing a

correspondingly sized polygon, and then adding the polygon representing the error to the




basis to adjust the original decomposed patterns to generate new
decomposed patterns, which become the desired target patterns. More
specifically, the amount of error (e.g., the amount of feature shortening
exhibited) is added to the original decomposed pattern in the
corresponding stitching area so as to form the new decomposed pattern,
This can be accomplished, for example, by approximating the size of the
error area utilizing a correspondingly si ?d polygon, and then adding the
polygon representing the error to the 4 I1 original decomposed patterns in
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become the target design for the deComposed pattern ext, the
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(Step 69). As in Step 65, any suitable OPC treatment can be utilized to
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be utilized in both Step 65 and Step 69. Once the OPC treatment is
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patterns generated as a result of Step 69 can be subjected to a
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pattern or target pattern, which is an H-shaped feature, this
performance of the two masks so as to confirm the image resulting from the combined
exposures of bath masks produces the desired target pattem within an acceptable error
tolerance. This verification process can also be performed via a suitable simulation process.
[0032]  Figs. 7 and 8 provide an illustration of the foregoing process, Referring first to
Fig. 7, starting with the original pattern or target pattern, which is an H-shaped feature, this
layout is split into two features, with the stitching area being in the center of the vertical
connection feature. Layout 1 and layout 2 as shown in Fig. 7 represent the original
decomposed patterns. Next, an OPC treatment is applied to layout 1 and layout 2, and then a
simulation process is executed to generate the expected printed contour for each of layout 1
and layout 2. Thereafier, the resulting printed/simulated contour is compared to the original
decomposed patterns to determine the error between the printed/simulated contour and the

original decomposed pattern in the stitching area. It is noted that the error determination can

be based on, but not limited to, & 1-dimensional comparison between the original




layout is split into two features, with the stitching area being in the center
of the vertical connection feature, Layout | and layout 2 as shown in Fig. 7
represent the original decomposed patterns. Next, an OPC treatment is
applied to layout | and layout 2, and then a simulation process is
executed to generate the expected printed contour for each of layout |

and layout 2. Thereafter, the resulting printed/simulated contour is
compared to the original decomposed R tterns to determine the error
between the printed/simulated contour and the original decomposed
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based on, but not limited to, a I-dimensional comparison between
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2-dimensional comparison. The error in each stitching area is then
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and the given polygon corresponding to each stitching area is added to
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as to generate new decomposed patterns, which become the target
FESRIRpcAdgiesBs. othish hraamsdbopreesidesiinindftmuisnagheg mefurdand

tqet cor.resg%nding adjustment of the original decomposed patterns are
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%‘Eﬂgr@%% grgé:f%r?ns%?%gd patterns, these patterns are subject to an OPC

treatment, p ably, the same OPC process as { performed to the
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illumination process so as to generate the original H- shaped targe
g&:;mmedqs shangiinldgohphed ReuliRg Thagat Reieide e AL process
represent the patterns to be utilized in the double pattemning process. These patterns are then
utilized to image a wafer in a multiple illumination process so as to generate the original H-
shaped target feature. As shown inFig. 8, the resulting imaged pattern does not have any
broken conlours, and the H-shaped pattern is accurately reproduced. It is also noted that if
the optional verification step is performed before actual imaging, the OPCed patterns shown
in Fig. 8 can be subjgcted to a simulation process to determine if the resulting imaged wafer
would produce the desired results.

[0034]  Figs. 9 and 10 illustrate another example of applying the process of the present
invention to a target pattern to be imaged. Referring to Fig. 10, the target pattern 101 is
decomposed into two separate patterns and subjected to an OPC treatment (see, patterns 102

and 103). The image resulting from the sequential exposure of patterns 102 and 103 is

simulated to determine the resulting error between the target pattern and the simylated




broken contours, and the H-shaped pattern is accurately reproduced. It is

also noted that if the optional verification step is performed before actual
imaging, the OPCed patterns shown in Fig. 8 can be subjected to a
simulation process to determine if the resulting imaged wafer would

produce the desired results. [0034] Figs. 9 and 10 illustrate another

example of applying the process of the present invention to a target

pattern to be imaged. Referring to Fig. 1Q, the target pattern 101 is
decomposed into two separate patterns and subjected to an OPC

trpétteneit {resiiqpditerna (02 «antda31od hefpage Taswline MG or is
sequenitial exposure of patterns 102 and 103 is simulated to determine
tisletraniieihgnd then igtivebto txtetdnhe fomitesinahel thengiganaied thd amount of the
pattern in the stitching area (see, e.g., areas 104 in Fig. 9). The amount of
tIRCEADRSSC aeRetsiney dosompestdipditerdstd0s aehtDth e fetatny ¢ 63t €06 are then
sti%’:hing area by the amount of the error so as to generate new
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stﬂgjt%:tetdfto an.OPC treatmeni (see, patterns 107 and 108), and
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Fig. 11 illustrates a compariso

NP RIRERS inagl | he process of the present .
invention. The gg%gg%:%ntou?gf 1%%)%@&%?%’3% Tmaghg P%%B%g%ﬂﬂ‘éemo“' The
prepenttiirantiQeprads i dare 50 s ] ents the -
imaging result o?ﬁ]e prior art éér(?(%esg.l%eso i%%tv%r%g ?ttgaﬁgﬁggﬁbﬁﬁaj}r&%wk solid

bor waiduas IRuepeesats deviaaid bEaaksriRegy i aH a8 SWURRL RAG Yark
[00351 Fig. 12 is a block diagram that illustrates a computer system 100

i Haogeriseided mperforming itedinecksthexplninaneabaiinGRmper
system 100 includes a bus 102 or

[0035]  Fig. 12 is a block diagram that itlustrates a computer system 100 which can assist
in performing the process explained above. Computer system 100 includes a bus 102 or
other communication mechanism for communicating information, and a processor 104
coupled with bus 102 for processing information, Computer system 100 also includes a main
memory 106, such as a random access memory (RAM) or other dynamic storage device,
coupled to bus 102 for storing information and instructions to be executed by processor 104,
Main memory 106 also may be used for storing temporary variables or other intermediate
information during execution of instructions to be executed by processor 104. Computer
system 100 further includes a read only memory (ROM) 108 or other static storage device
coupled to bus 102 for storing static information and instructions for processor 104, A

storage device 110, such as a magnetic disk or optical disk, is provided and coupled to bus

102 for storing information and instructions.




other communication mechanism for communicating information, and a
processor 104 coupled with bus 102 for processing information.
Computer system 100 also includes a main memory 106, such as a
random access memory (RAM) or other dynamic storage device, coupled
to bus 102 for storing information and instructions to be executed by
processor 104. Main memory 106 also may be used for storing temporary
variables or other intermediate informa}izg)n during execution of
instructions to be executed by processor 104. Computer system 100

fupdtey inclodes Area6on %H}ﬁﬁg%@’ C()B]S?M Ltja?%é) [(%l her ﬁfgpqu a8 as s

device coupled to bus 102 for storing static information andinstructions

ferthodeessaibd (AR &ﬂ@g&@%ﬂ%%@%ﬁ@%&gﬂ% 246 M ation to a

optical disk, is provided and coupled to bus 102 for storing information

asvahnstrustionsn inpuj0R3hEECoNipulesisy sisinbRR A0 ANl oBaURIR Vi iMEd to
102 to a display 112, such as a cathode ray tube (CRT) or flat panel or

tut HOB deredoghsplaigfinglisflapatign afdrmenicndedeciomdipotassr M. Another
input 114, device including alphanumeric and other keys, is coupled to
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processar 104. Another, type of user input device is cursor control 116,
T Sy e R e S pre bk ety —

qiﬁgggﬁ?Oirnggﬂpo?ﬁignc%rnsgrcl%r%nfnd se eclions 10 processor 104 and for
controlling cursor ovemen?qn G STLgFP aé’._”[‘ﬁls _ TR ARE S BiRigally has two
e RS DN DSBS e
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an input device.

[0037]  According to one embodiment of the invention, the disclosed process may be
performed by computer system 100 in response to processor 104 executing one or more
sequences of one or more instructions contained in mafn memory 106. Such instructions
may be read into main memeory 106 from another computer-readable mediuny, such as
storage device 110. Execution of the sequences of instructions contained in main memory
106 causes processor 104 to perform the process steps described herein. One or more
progessors in a multi-processing arrangement may also be employed to execute the sequences
of instructions cqntained in main memory 106. In altemative embodiments, hard-wired
circuitry may be used in place of or in combination with software instructions to implement

the invention. Thus, embodiments of the invention are not limited to any specific

combination of hardware circuitry and software.




[0037] According to one embodiment of the invention, the disclosed
process may be performed by computer system 100 in response to
processor 104 executing one or more sequences of one or more
instructions contained in main memory 106. Such instructions may be
read into main memory 106 from another computer-readable medium,
such as storage device 110. Execution of the sequences of instructions
contained in main memory 106 causes grocessor 104 to perform the
process steps described herein. One or more processors in a

miditE P oceBsirngrarfangpurenéadudicalpaiba employ aedm e anedium that

sequences of instructions contained in main memory 106, In alternative

e REEERHE IS proatdingi Fredruciowitiy nmessie UBtibirplatenf Sicia medium may
combination with software instructions to implement the invention. Thus,
elfsTaRmefomss inabive hugiwHisitst micacy eleilnyredi fidatemisitiatind

of hardware ciﬁ’:ﬁ%tg and software. 15 [0038] The term

CERRBTRE P Sarstan VAR talatie mediainsIndsler rarangleoontigah e diagnatiadisks,
payticipates in praviding instructions. to processor 104 for execution. Such
asqr%*éé%?fﬁ’%y “ake r%%n%/g%? &%ﬁ*&mfﬂa%%maﬂmﬁmos%ﬁsmaﬁmemory
ggliap Rl AtlE SRS & 3G 4L ission media. Non-vaolatile media, :
includer, for example%ptical (E)%rg%gﬁ%%%sﬂfs g?rs‘ﬁ%aﬁ%% 5t ABEcSDRluding }he
hies Vidpdiden el itndn el O hnARaiC RO bin SHENRS AAIRIOMONY 106- .
Transmission media include coaxial cables, copper wire and hper opilcs,
inekjucthe mosegdhateemRHBa RS RIS AR anp/so

take the. form of acoustic or light waves, such as those generated during
a0 s catiensy CRFnan doimfsafanh tift) latadssientai GRS 1S @RAMAR, a floppy
forms of computer-readable media include, for example, a floppy disk, a
fliskindletible Histd kieldiskagaeaivicdprs, any oticenapagietediediy CDROM,
SQDFS aon';//l other optical medium, punch cards, paper tape, any other physical medium with
patterns of holes, a RAM, a PROM, and EPROM, a FLASH-EPROM, any other merory
chip or cartridge, a carrier wave as described hereinafter, or any other medium from which a
computer can read.

[0039]  Varous forms of computer readable media may be involved in carrying onc or
more sequences of one or more instructions to processor 104 for execution. For example, the
instructions may initially be borme on a magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system 100 can receive the data
on the telephone line and use an infrared transmitter to convert the data fo an infrared signal,

An infrared detector coupled to bus 102 can receive the data carried in the infrared signal and

place the data on bus 102, Bus 102 carries the data to main memory 106, from which




DVD, any other optical medium, punch cards, paper tape, any other

physical medium with patterns of holes, a RAM, a PROM, and EPROM, a

FLASH-EPROM, any other memory chip or cartridge, a carrier wave as

described hereinafter, or any other medium from which a computer can

read. [0039] Various forms of computer readable media may be involved

incarrying one or more sequences of one or more instructions to

processor 104 for execution. For example, the instructions may initially be

borne on a magnetic disk of a remote computer. The remote computer

carpteddrthds irettieyctiond dntonits theriastrictinemdhe andesiddstheeived by main

instructions over a telephone line using a modem. A modem local to
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infrared transmitter to convert the data to an infrared signal. An

?r&gfgﬁeﬁgfelgﬁr coupled to bus 102 can receive the data carried in the
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communication interface 118 coupled to bus 102, Communica

inoamiaeicarddh pieyiskes! 28umay Wantaie AR WAL URLE UG (R BN) card or a
network link 120 that is connected to a local network 122. For examplé,
cuprdeRLtcpetidde in tatiaen it Bicatiynlvenieciiie &5 atesh MR diBEA telephone
network (ISDN.) card or a modem to provide a data communication
&Brneianther axannks somdin e ofteelepHdfendine: Abaneibeictwork (LAN)

example, communication interface | 18 may be a local area network (LAN)
card to provide a data communication connection to a compatible LAN. Wireless links may

also be implemented. In any such implementation, communication interface 118 sends and
receives electrical, electromagnetic or optical signals that carry digital data streams
representing various types of information.

[0041]  Netwaork link 120 typically provides data communication through one or more
networks 10 other data devices, For example, network link 120 may providc a connection
through local network 122 to a host computer 124 or to data equipment operated by an
Internet Service Provider (ISP) 126. ISP 126 in tum provides data communication services
through the worldwide packet data communication network, now commonly referred to as
the “Internet” 128. Local network 122 and Internet 128 both use electrical, electromagnetic
or optical signals that carry digital data streams. The signals through the various networks

and the signals on network link 120 and through communication interface 118, which carry




card to provide a data communication connection to a compatible LAN.
Wireless links may also be implemented. In any such implementation,
communication interface 118 sends and receives electrical,
electromagnetic or optical signals that carry digital data streams
representing various types of information. [0041] Network link 120 typically
provides data communication through one or more networks to other data
devices. For example, network link 120 rmay provide a connection through
local network 122 to a host computer 124 or to data equipment operated
bihaAigiiriedrie tsmd fsenProvipter (BRI EE), BRA@fplariuishas oYiceses alaves
communication services through the worldwide packet data
cURRTRArEa s HemgiRnow commonly referred to as the "Internet" 128.

L@%g#retw rk 122 and Internet 128 both use electrical, electromagnetic
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network(s), network link 120, and communication interface
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application program through Internet 128, ISP 126, local network 122 and

copresiLefidztionbirdimtatefo EainplacthedantedidtdieayVentionang sHelssor
downloaded application provides for the disclosed process of the
A7 df s eprciftsr canskapitorithin stwegeati dorl bl fay dibcexecutdatilystorage for
?artgx(-: giesé?xtrion. In this manncr; computer system 100 may obtain application code in the
form of a carrier wave. |
[0043]  Fig. 13 schematically depicts a lithographic projection apparatus suitable for
imaging the masks designed with the process of the current invention. The apparatus
comptises:
- aradiation system Ex, IL, for supplying a projection beam PB of radiation. In this
particular case, the radiation system also comprises a radiation source LA;
- a first object table (mask table) MT provided with a mask holder for holding a mask
MA (e.g., areticle), and connected to first positioning means for accurately positioning the
mask with respccf to item PL;
- a second object table (subsirate table) WT provided with g substrate holder for

holding a substrate W (e.g., a resisi-coated silicon wafer), and connected to second

positioning means for gccurately positioning the substrate with respect to item PL;




104 as it is received, and/or stored in storage device 110, or other
non-volatile storage for later execution. In this manner, computer system
100 may obtain application code in the form of a carrier wave. [0043] Fig.
13 schematically depicts a lithographic projection apparatus suitable for
imaging the masks designed with the process of the current invention. The
apparatus comprises: a radiation system EXx, IL, for supplying a projection
beam PB of radiation. In this particular gase, the radiation system also
comprises a radiation source LA; - a first object table (mask table) MT

provided withjectivasiyhatd¢tdar iding, a reaskivAderrcadr elialidpaRhptical
connected to first positioning means for accurately positioning the mask
wirhtPEs feldmegingranFiTadiatesepution ol fhe madh M wsirater get PeMATC (c.z.,
provided with a substrate holder for holding a substrate W (e.g., a
rGRTRPRURE SHet cerTs e yi theretiaeed to second positioning means

far accurately pasitioning the substrate with respect to item PL; is a o
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has a transmissive mas er, In gener a
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apparatus may employ another kind of patterning means as an alternative
tadtnix.use of a mask; examples include a programmable mirror array or

LCD
[0045]  The source LA (e.g., a mercury lamp or excimer laser) produces a beam of

radiation. This beam is fed into an illumination system (illuminator) IL, either directly or
after having traversed conditioning means, such as a beam expander Ex, for example. The
illuminator IL may comprise adjusting means AM for setting the outer and/or inner radial
extent (commonly referred to as c-outer and o-inner, respectively) of the intensity
distribution in the beam. In addition, it will generally comprise various other components,
such as an integrator TN and a condenser CO. In this way, the beam PB impinging on the
mask MA has a desired uniformity and intensity distribution in its cross-section.

{0046] It should be noted with regard to Fig, 13 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is a
mercury lamp, for example), but that it may also be remote from the lithographic projection
apparafus, the radiation beam that it produces being led into the apparatus (e.g., with the aid

of suitable directing mirrors); this latter scenario is often the case when the source LA is an




matrix. [0045] The source LA (e.g., @a mercury lamp or excimer laser)
produces a beam of radiation. This beam. is fed into an illumination
system (illuminator) IL, either directly or after having traversed
conditioning means, such as a beam expander Ex, for example. The
illuminator IL may comprise adjusting means AM for setting the outer
and/or inner radial extent (commonly referred to as a-outer and or-inner,
respectively) of the intensity distributionpén the beam. In addition, it will
generally comprise various other components, such as an integrator IN

aftrHEoheu S, GOedntKsFAE tnE tesing)P Brieinging eathec @ ikasses both
MA has a desired uniformity and intensity distribution in its cross-section.
(GBREF3eerBPFbe noted with regard to Fig. 13 that the source LA may be

ithin the housing of the lithographic projection apparatus (as is often the
\A@B‘P/ henﬂﬁegbgﬁ'%r%% PRSI REIUERSP RS mensle M pibishiisrhebhosit amaagk
alsndefe from the lithographjc projection apparatus, the radiation
beam f at%%%%ﬁ%‘é%%‘éﬁ;‘a %ﬁ?ﬂ@t beasm BB Ravesfhropeh the leng Pos which
statakietirmctingnirigrs), this latter scenario is oftep the case when the
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source LA is an 6 19 excirfier laser (é.g.,
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beam PB subsequently intercepts the ma is heldona
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the lens PL, which focuses the beam PB onto a target portion
Sl shimidanly, Withrshpositioofithmens ondbPosid BHREPIRANSERRA the mask MA
interferometric measuring means IF), the substrate table WT can be

with respect to the path of the beam PB, e £., after mechanical retrieval of the mask MA from
a mask library, or during a scan. In general, movement of the object tables MT, WT will be
realized with fhe aid of a long-stroke module (coarse positioning) and a short-stroke module
(fine positioning), which are not explicitly depicted in Fig. 13. However, in the case of 2
wafer stepper (as opposed to a step-and-scan tool) the mask table MT may just be connected
to a short-stroke actuator, or may be fixed,

[0048]  The depicted tool can be used in two different modes:

- In step mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e., a single “flash’) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C can be
irradiated by the beam PR;

- In scan mode, essentially the same scenario applies, except that a given target

portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a

given direction (the so-called “scan direction”, e.g., the y direction) with a speed v, so that




moved accurately, e.g., So as to position different target portions C in the
path of the beam PB. Similarly, the first positioning means can be used to
accurately position the mask MA with respect to the path of the beam PB,
e.g., after mechanical retrieval of the mask MA from a mask library, or
during a scan. In general, movement of the object tables MT, WT will be
realized with the aid of a long-stroke module (coarse positioning) and a
_short-stroke module (fine positioning), which are not explicitly depicted in
Fig. 13. However, in the case of a wafer stepper (as opposed to a
stbpragigctien hewn B Bre onast taisian MEma apgkSinhe: comdeRtaelytha substrate table
short-stroke actuator, or may be fixed, [0048] The depicted tool can be

uBeai iR el mavea the srep enoptestiralimatintaiegvbh EKaHt in which
.erﬁ'gially stationary, and an entire mask image is projected in one go
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then shifted in.the x and/or y directjons so that a different target portion C
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o app|i t that a given,target portign C ig not exposed in a,
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single "flash”. Instead, the mas e
belsaicalipd serandifmetione € JYiisction). with a speed,v, so that
20 the projection beam PB iseéaﬁégéfo é}caﬁ%{\i/%eﬂr aé{Kr&nczgl{sa'l? ﬁrlr?é)élg and1smot to
tenguinatiyaioe IsHiaitAlRHaRIS MNTHiS ﬂ@éﬂimﬁﬁmwﬁé’ﬁm&%ﬁly by the
same or opposite direction at a speed V= My, in which M is the
teanmhiffcheiappafdtbclemss it (typically, M= 114 or 115). In this manner, a
relatively large target portion C can be exposed, without having to
compromise on resolution, [0049] Although the present invention has

been described and illustrated in detail, it is to




be clearly understood that the same is by way of illustration and example
only and is not to be taken by way of limitation, the scope of the present
invention being limited only by the terms of the appended claims. 21
What is claimed is: 1. A method for decomposing a target circuit pattern
containing features to be printed on 2lwafer, into multiple patterns,
comprising the steps of: separating said features to be printed into a first
wiatiernapdfisecond pattern; performing a first optical proximity
correction process on said first pattern and said second pattern;
1 detaEmibtTerIRIOAAISE PLTABEBBREEIG Srid HeskpatieiattsRioSpEaRd on
pattern; determining a first error between said first pattern and said
a imegingwp arftiplapeteat saithfirstipatiesiegngd:a second error between
said second pattern and said imaging performance of said second
pattesepartitiapngnsbiehtinciseorbe poimdiliBitsaifl it papatterndte geoat pietan;
modified first pattern; utilizing said second error to adjust said second
patteparforgeng rafiesaoptidifigd x seitp kdrpatienpranca@pbgiddiestspgtama and
opticshigreeconidypatberection process to said modified first pattern and said
modified second pattern. 2. A method for decomposing a target circuit
pattedatervooidgian tonelging ferfohoroive sdishidda reattome avdsard tsdomdattern;
said first pattern and said second pattern utilizing a rule-based
determining a first error between said first pattern and said imaging performance
of said first pattern, and a second error between said second pattern and said
imaging performance of said second pattern;

utilizing said first error to adjust said first pattern to generate a modified first
pattern;

utilizing said second error to adjust said second pattern to generate a modified
second pattern; and

applying a second optical proximity correction process to said modified first
pattern and said modified second pattern.

2. A method for decomposing a target circuit pattern according to claim 1, wherein said
features are separated into said first pattern and said second pattern utilizing a rule-based
decomposition process.

3. A method for decomposing a target circuit pattern according to claim 1, wherein said
features are separated into said first pattern and said second pattern utilizing a model-

based decomposition process.




decomposition process. 3. A method for decomposing a target circuit
pattern according to claim 1, wherein said features are separated into
said first pattern and said second pattern utilizing a model- decomposition
process. based 22 4. A method for decomposing a target circuit pattern
according to claim 1, wherein said fig optical proximity correction
process and said second optical proximity correction process are the

4 SRRERERIECTED mpbMEINAY PG ASEIRRAT D S i ES It PRHEMn said
first o ng

according to claim 4, wherein sali ptical proximity correction
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correction process. 6. A method for decomposing a target circuit pattern

proce&y sivehiashaiprdcaadegrein said first optical proximity correction
process and said second optical proximity correction utilize a

5.Radehbaseldeesi8piiangy eagsscifeult PHRIAAJsIRGATNIARING, ¥/ IRIER said

circuit pattern according to claim 1, wherein said first error and said

fisecprshiesroxiaiRydaieeotioe grit slitehingidrersabspetal peowitii theofiiddtion
pattern and second pattern. 8. A method for decomposing a target circuit

utiiteerdin-imaldicodeanbegitdke step of determining a first error and a
second error comprises simulating the imaging performance of each

6.deomthpd Seddpedtepostmgiat bk pec oimpitrjrag dheasoondiaticn ¢ksultjoviieeein said

decomposed pattern to determine the difference or error between the
firstropffistd grartnity correction process and said second optical proximity correction
utilize a model-based correction process.
7. A method for decomposing a target circuit pattern according to claim 1, wherein said
first error and said second error are determined in stitching areas associated with the first
pattern and second pattern.
8. A method for decomposing a target circuit according to claim 1, wherein the step of
determining a first error and a second error comprises simulating the imaging
performance of each decomposed pattern and then comparing the simulation result to the
decomposed pattern to determine the difference or error between the simulated and
desired decomposed contour.
9. A computer readable storage medium storing a computer program for decomposing a
target circuit pattern containing features to be printed on a wafer, into multiple patterns,
when executed, causing a computer to perform the steps of:

separating said features to be printed into a first pattern and a second pattern;

performing a first optical proximity correction process on said first pattern and

said second pattern;




desired decomposed contour. 9. A computer readable storage medium
storing a computer program for decomposing a target circuit pattern
containing features to be printed on a wafer, into multiple patterns, when
executed, causing a computer to perform the steps of. separating said
features to be printed into a first patté¥h and a second pattern; performing

a first optical proximity correction process on said first pattern and said
second pattern; é{nzﬁla‘%éﬁegﬁg} orflance o s%i'&%Ps?rﬁgr@rﬁ%ﬁoé’fiéﬁé%JH pattern;
patternand safd seco 5 ttern; “determining a first érror between sa

first p@tttern‘and S%Id imagding gerlflorm c?pgtftsmd férst Hallttern and

Crimini a T1rst err aid Iirs rn and Said 1magin criormance
SGCOI’IS error BétWEEﬂ sald secon pattern anc? sal?i |mag|nggp<§rpormance

of Sa&§ﬁﬁq{}gt0%§;g%ﬂ NG RRIA Sh YL t%a?&’léég&?&g’a{{é% RALEITy 1O
generate a modified first pattern; utilizing salélsecon error to adjust said
secorﬁga%ﬁ{ﬁ@rfgrgﬁﬂgg%tpsﬁ({@gg&ﬁg%aﬁgﬁgnd pattern; and applying a
second optical proximity correction process to said modified first pattern
and said modified second pattern. 10. The computer readable storage
medium according to claim 9, wherein said features are separated into

said {ifatRRIe B SRl REAGR RANERS: PhleING AddNe-haasbdified first

decomposition process.
pattern;

utilizing said second error to adjust said second pattern to generate a modified
second pattern; and
applying a second optical proximity correction process to said modified first
pattern and said modified second pattern.
10. The computer readable storage medium according to claim 9, wherein said features
are separated into said first pattern and said second pattern utilizing a rule-based
decomposition process.
11. The computer readable storage medium according to claim 9, wherein said features
are separated into said first pattern and said second pattern utilizing a model-based
decomposition process.
12. The computer readable storage medium according to claim 9, wherein said first
optical proximity correction process and said second optical proximity correction process
are the same processes.
13. The computer readable storage medium according to claim 12, wherein said first
optical proximity correction process and said second optical proximity correction utilizes

a rule-based correction process.




11. The computer readable storage medium according to claim 9, wherein
said features are separated into said first pattern and said second pattern
utilizing a model-based decomposition process. 12. The computer
readable storage medium according to claim 9, wherein said first { optical
proximity correction process and said4econd optical proximity correction
process are the same processes. 13. The computer readable storage

14N %ﬂéuggrﬂ%gg{ géﬁ@a‘ﬂe%%@&%%ﬁé’&ﬂ%ﬁedgcﬁg%g "t%tcf?lpﬁ‘lcf’é , %Rélg%tg id first

correctio rocess and saild seco optic oximity correction utilizes a

oPHEIRASERhAYCGTUARGEESS: A1t shit s@@n‘d‘qi{gt?&g AR EAQ AT  utilize a

medium according to claim 12, wherein said f optical proximity

moakIasiien REPCaRHFrEbsaid second optical proximity correction utilize a
model-based correction process. 15. The computer readable storage

medium according to claim 9, wherein said first error and said second
error are determined in stitching areas associated with the first pattern

12th&e6RPRALEARLIL Rt Aade ireai T RcIaiENg et o vaRRIISARDIRE error

steps of: (a) providing a substrate that is at least partially covered by a
arldeidotcagipdien-srn@itbmnineater iliclinHresdsl irgodi kel eatiotho eampatiern

radiation using an imaging system; (c) using patterns on masks to endow
aritheepoajepiitsiream with patterns in its cross- section;
16. A device manufacturing method comprising the steps of:
(a) providing a substrate that is at least partially covered by a layer of radiation-sensitive
material;
(b) providing a projection beam of radiation using an imaging system;
(c) using patterns on masks to endow the projection beam with patterns in its cross-
section;
(d) projecting the patterned beam of radiation onto a target portion of the layer of
radiation-sensitive material,

wherein in step (c), providing a pattern on a mask includes the steps of:

separating features to be printed into a first pattern and a second pattern;

performing a first optical proximity correction process on said first pattern and

said second pattern;

determining an imaging performance of said first pattern and said second pattern;
determining a first error between said first pattern and said imaging performance
of said first pattern, and a second error between said second pattern and said

imaging performance of said second pattern;




(d) projecting the patterned beam of radiation onto a target portion of the
layer of radiation-sensitive material, wherein in step (c), providing a
pattern on a mask includes the steps of separating features to be printed
into a first pattern and a second pattern; performing a first optical
proximity correction process on said #pst pattern and said second pattern;
determining an imaging performance of said first pattern and said second

Patteﬂi‘ﬁié?ﬁéf%ﬁﬂ HRY &%ﬁ%%%%bs%%ﬁ?& SRR %e?i@g;ﬁ@ Q&%&ﬁf&’d first
imaging performance of said first pattern,’and a second error between
said ggggpd pattern and said imaging performance of said second

pattern; 25 utilizing said first error to adjust said first pattern to generate a

modifigfAkst Rataihd oG saicere et SEEpAeAtibStRa SE e ied

pattern to generate a modified second pattern; and applying a second
opticaddarpRidheomaction process to said modified first pattern and said
modified second pattern. 17. A method for generating masks to be utilized

in a PPPIPHNaGERPAY dPEsE Tro Rty eReGbaRRHSING dha sle@Fi& first
decomposing a target circuit pattern containing features to be printed on a
. wafepatisin ndkidenpatifedsebyhagnaeating said features to be printed into

a first pattern and a second pattern;

17. A method for generating masks to be utilized in a photolithography process, said
method comprising the steps of:

decomposing a target circuit pattern containing features to be printed on a wafer,
into multiple patterns, by separating said features to be printed into a first pattern
and a second pattern;

performing a first optical proximity correction process on said first pattern and
said second pattern;

determining an imaging performance of said first pattern and said second pattern;
determining a first error between said first pattern and said imaging performance
of said first pattern, and a second error between said second pattern and said
imaging performance of said second pattern;

utilizing said first error to adjust said first pattern to generate a modified first
pattern;

utilizing said second error to adjust said second pattern to generate a modified
second pattern;

applying a second optical proximity correction process to said modified first

pattern and said modified second pattern; and




performing a first optical proximity correction process on said first pattern
and said second pattern; determining an imaging performance of said first
pattern and said second pattern; determining a first error between said
first pattern and said imaging performance of said first pattern, and a
second error between said second paftern and said imaging performance
of said second pattern; utilizing said first error to adjust said first pattern to

ge “eI%%L%x%r{H difed MRk E’&%I%%(ﬁlﬁ'eﬂg %gsgiai%3&%%9%%&%{&3%&%%3%(1

second patterh to generate a second pattern; applying a second

optical R BRI ERHSGHRY MIAEEsS.ArSadmag S §&£%ﬁtnﬁ§ﬁ%ﬁﬁ%§§% to

modified second pattern; and 26 generating a first mask correspo

said mppifisd fcaloasierp-alal ﬁ@éﬁsﬁa%e%@ra}sﬁemﬁ;samﬁeg%ﬁ@&m
process, and a second mask corresponding to "said modified second
patteproafi@r said second optical proximity correction process.




