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METHODS FOR OPTICAL PROXIMITY
CORRECTION IN THE DESIGN AND
FABRICATION OF INTEGRATED CIRCUITS
USING EXTREME ULTRAVIOLET
LITHOGRAPHY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This Application claims the benefit of priority to
U.S. Provisional Application Ser. No. 62/089,565, which was
filed on Dec. 9, 2014, the contents of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure are gener-
ally directed to methods for designing and fabricating inte-
grated circuits. More particularly, embodiments of the
present disclosure are directed to methods for optical prox-
imity correction (OPC) in the design and fabrication of inte-
grated circuits using extreme ultraviolet (EUV) lithography.

BACKGROUND

[0003] Generally, integrated circuits and other semicon-
ductor devices are used in a variety of electronic applications,
such as computers, cellular phones, personal computing
devices, and many other applications. Home, industrial, and
automotive devices, which in the past included only mechani-
cal components, now have electronic parts that require semi-
conductor devices.

[0004] Semiconductor devices are manufactured by form-
ing many different types of material layers over a semicon-
ductor work-piece or wafer, and patterning the various mate-
rial layers using lithography. The material layers typically
include thin films of conductive, semiconductive, and insu-
lating materials that are patterned and etched to form inte-
grated circuits (IC’s). There may be a plurality of transistors,
memory devices, switches, conductive lines, diodes, capaci-
tors, logic circuits, and other electronic components formed
on a single die or chip.

[0005] Lithography involves the transfer of an image of a
mask to a material layer of a die or chip, also referred to as a
wafer. The image is formed as a network of pre-pattern open-
ings in a layer of photoresist, the photoresist is developed, and
the photoresist including the pre-pattern openings is used as a
mask during a process to alter the material layer, such as by
etching the material layer through the mask to thereby pattern
the material layer.

[0006] Although various types of photolithographic pro-
cesses are known in the art, state of the art semiconductor
fabrication processes commonly use the 193 nm immersion
photolithography to form the pre-pattern openings in the pho-
toresist layer. The next generation lithography technology,
“extreme” ultraviolet (EUV) photolithography, is planned to
be used commercially after 2020. During semiconductor
wafer fabrication, EUV light can be utilized in a lithographic
process to enable transfer of very small patterns, such as
nanometer-scale patterns, from an EUV lithographic mask
(also referred to as an EUV “reticle” in the present applica-
tion) to a photoresist layer disposed on a semiconductor
wafer. A pattern formed on the EUV lithographic mask can be
transferred to the photoresist layer by reflecting EUV light off
of portions of a reflective surface upon which the EUV litho-
graphic mask is disposed. However, due to the high energy of
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the EUV light, unwanted light can directly reach areas of the
photoresist layer, thereby altering the pattern to be transferred
by the mask. As such, patterning issues that are commonly
known in the art and associated with EUV photolithography
are the scatter of light as a function of density and change in
density of light across a large distance.

[0007] As feature sizes of semiconductor devices continue
to decrease, as is the trend in the semiconductor industry,
transferring patterns from a lithography mask to a photoresist
layer during fabrication of a semiconductor device becomes
more difficult, due to the diffraction effects of the light or
energy used to expose the photoresist. For example, during
EUYV photolithography, a reaction can occur that cleaves the
link between the protecting groups and the photoresist mate-
rial, resulting in shrinkage of the photoresist material. This
reaction, and the associated photoresist shrinkage, is acceler-
ated as the photoresist material is heated by the energy of the
incident UV waves. Since the full thickness of the photoresist
layer is targeted for stabilization, substantial mass loss, and
shrinkage, can result from the exposure. Because the interface
between the photoresist layer and substrate is constrained, the
remainder of the photoresist layer shrinks in three dimen-
sions. This leads to a phenomenon known as “pullback”
where the top of the photoresist layer shrinks relative to the
bottom. This effect is most pronounced on lithographic fea-
tures such as contacts, line ends, and feature corners. The
pullback phenomenon has undesired effects on the features,
which make them unacceptable for device fabrication. This
shrinkage occurs throughout the exposed regions of the pho-
toresist layer and can cause deformation in the form of pull-
back on the upper portions of lithography features.

[0008] To compensate for the pullback effect, optical prox-
imity corrections (OPC) are often made to lithography masks,
which may involve adjusting the widths or lengths of the lines
on the mask that are susceptible to the pullback effect. More
advanced methods of OPC correct corner rounding and a
general loss of fidelity in the shape of features by adding small
secondary patterns, referred to as serifs, to the corners of
patterns. The serifs, together with line width changes,
enhance the amount of light transmitted through the transpar-
ent mask patterns.

[0009] As is currently known in the art, OPC methods are
applied to a desired semiconductor design to allow the proper
pattern to be realized on the silicon wafer using EUV photo-
lithography. Semiconductor designs typically include a plu-
rality of shapes to be drawn (and transferred to the wafer), for
example a plurality of polygons. OPC methods computation-
ally simulate the polygons and update the shape of each of the
polygons with respect to how neighboring polygons will
interact with such polygon, when the pattern is transferred to
the photoresist layer using EUV photolithography.

[0010] One particular problem that has been encountered in
the art of OPC and EUV photolithography is the so-called
“tip-to-tip” printability problem, which is a direct result of the
pullback effect and other proximity effects. Tip-to-tip print-
ability issues arise in the context of printing neighboring
polygons at or near the minimum dimensions allowable for
the lithography process. As illustrated in FIG. 1, three circuits
100a, 1005, and 100¢ are presented. Circuit 100a represent a
“normal” circuit wherein metal line features 101 and 102 of
an upper metallization layer connect through vias 120 and a
metal line feature 130 of a lower metallization layer to form a
completed electrical circuit (shown by arrows 110). The tip-
to-tip distance 1054 between upper metallization layer metal
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line features 101 and 102 is defined as the distance between
the closest (to one another) ends of the polygons that form the
metal line features 101 and 102. Ideally, using EUV lithog-
raphy, the resulting circuit printed on the semiconductor
wafer would be substantially as presented with regard to
circuit 100a. However, as is known in the art, the proximity
effect may create printability problems wherein the idealized
circuit 100a is not achieved with regard to the actual printing
of metal line features 101 and 102. For example, as shown
with respect to circuit 1005 in FIG. 1, the tip-to-tip dimen-
sions 1055 have been unintentionally reduced to at or near
zero due to EUV proximity problems, which results in a
“short” in the electrical circuit 1005. As another example, as
shown with respect to circuit 100c, the tip-to-tip dimensions
105¢ have been unintentionally increased such that the metal
line features are not printed to overlie the vias 120, which
results in a “disconnect” in the electrical circuit 100c.
[0011] The above-described tip-to-tip printability prob-
lems encountered in the prior art are further illustrated in FIG.
2 for purposes of comparison with the inventive subject mat-
ter described herein (in FIG. 2, the term “tip-to-tip” is written
as “T2T” for simplicity). For example, FIG. 2 illustrates a
pattern set 200q that includes two mask polygons 211a and
the resulting polygon shapes printed on a semiconductor
wafer 212a that were created using the two mask polygons
211a. As shown, there is a “pullback” (shown by arrow 221)
in the dimensions of the printed polygons 2124 as compared
to the dimensions of the mask polygons 211a. To correct for
this problem using prior art OPC techniques, and with refer-
ence now to pattern set 2005, a bias (illustrated by arrow 222)
may be added to the desired design polygons 2135, which
results in extended polygons 2115 when the mask is created.
With the bias 222 to the mask polygons 2115, the printed
polygons 21256 have dimensions that more closely approxi-
mate the desired design polygons 2135 However, there is a
limit to the closeness of the polygons in the mask, as required
by mask rule checks (MRCs). To satisfy MRCs, a minimum
distance must be maintained between mask features, as indi-
cated by arrow 223 between mask polygons 211¢ in mask set
200c¢ of FIG. 2. Thus, due to the bias that must be added, there
is a dimensional design limit in the prior art (indicated by
polygons 213c¢) that will satisfy the MRCs, resulting in a
corresponding minimum dimension printability limit, indi-
cated by arrow 224, for the printed polygons 212¢. With ever
decreasing feature sizes on integrated circuits, it would be
desirable to find OPC techniques that are not so-constrained.
[0012] As such, it is desirable to provide improved OPC
techniques for EUV lithography that address the foregoing
tip-to-tip printability issue that have been encountered in the
prior art. Furthermore, it is desirable to provide such tech-
niques that do not require multiple masks, due the fact that the
use of multiple masks would render EUV lithography finan-
cially uncompetitive against less expensive traditional lithog-
raphy techniques (i.e., 193 nm lithography). Furthermore,
other desirable features and characteristics of the inventive
subject matter will become apparent from the subsequent
detailed description of the inventive subject matter and the
appended claims, taken in conjunction with the accompany-
ing drawings and this background of the inventive subject
matter.

BRIEF SUMMARY

[0013] Methods for optical proximity correction in the
design and fabrication of integrated circuits are disclosed.
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The disclosed methods may be used to manufacture EUV
photomasks, which may be used in the fabrication of inte-
grated circuits. In an exemplary embodiment, a method of
manufacturing an EUV photomask includes designing a pat-
tern for an EUV photomask for forming a pre-pattern opening
in a photoresist layer on a semiconductor substrate. Design-
ing the pattern for the EUV photomask includes providing a
patterned layout design including first and second design
polygons that correspond with the pre-pattern opening. The
first and second design polygons are separated by a separation
distance. Designing the pattern for the EUV photomask also
includes correcting the patterned layout design using optical
proximity correction by generating (1) a third polygon that
has dimensions corresponding to a combination of the first
and second design polygons and the separation distance and
(2) and filled polygon within the third polygon, thereby gen-
erating an OPC-corrected patterned layout design. Further,
designing the pattern for the EUV photomask includes con-
verting the OPC-corrected patterned layout design into a
mask writer-compatible format, thereby generating an OPC-
corrected, mask writer-compatible layout design including
the third polygon and the filled polygon. The method there-
after includes manufacturing the EUV photomask in a mask
writer tool using the OPC-corrected, mask writer-compatible
layout design as a template for the EUV photomask.

[0014] Inaccordance with another exemplary embodiment,
a method for fabricating an integrated circuit includes pro-
viding semiconductor substrate including a semiconductor
material, forming a photoresist layer over the semiconductor
substrate, and providing an extreme ultraviolet photomask.
Providing the EUV photomask includes designing a pattern
for an EUV photomask for forming a pre-pattern opening in
a photoresist layer on a semiconductor substrate. Designing
the pattern for the EUV photomask includes providing a
patterned layout design including first and second design
polygons that correspond with the pre-pattern opening. The
first and second design polygons are separated by a separation
distance. Designing the pattern for the EUV photomask fur-
ther includes correcting the patterned layout design using
optical proximity correction by generating: (1) a third poly-
gon that has dimensions corresponding to a combination of
the first and second design polygons and the separation dis-
tance, and (2) a filled polygon within the third polygon,
thereby generating an OPC-corrected patterned layout
design. Still further, designing the pattern for the EUV pho-
tomask includes converting the OPC-corrected patterned lay-
out design into a mask writer-compatible format, thereby
generating an OPC-corrected, mask writer-compatible layout
design including the third polygon and the filled polygon.
Providing the EUV photomask further includes manufactur-
ing the EUV photomask in a mask writer tool using the
OPC-corrected, mask writer-compatible layout design as a
template for the EUV photomask. The method further
includes disposing the EUV photomask over the photoresist
layer and directing an EUV light source reflected by the
photomask so as to expose a portion of the photoresist layer
with the EUV light source.

[0015] In accordance with yet another exemplary embodi-
ment, method of optical proximity correction in extreme
ultraviolet lithography includes providing a patterned layout
design including first and second design polygons that corre-
spond with the pre-pattern opening. The first and second
design polygons are separated by a separation distance. The
method further includes correcting the patterned layout
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design using OPC by generating (1) a third polygon that has
dimensions corresponding to a combination of the first and
second design polygons and the separation distance and (2)
and filled polygon within the third polygon, thereby generat-
ing an OPC-corrected patterned layout design.

[0016] This summary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the detailed description. This summary is not intended to
identify key features or essential features of the claimed sub-
ject matter, nor is it intended to be used as an aid in determin-
ing the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A more complete understanding of the subject mat-
ter may be derived by referring to the detailed description and
claims when considered in conjunction with the following
figures, wherein like reference numbers refer to similar ele-
ments throughout the figures, and wherein:

[0018] FIG. 1 is a circuit diagram illustrating tip-to-tip
printability problems that have been encountered in the prior
art;

[0019] FIG. 2 s anillustration of the pullback effect that is
encountered when patterning a semiconductor wafer using
EUV lithography;

[0020] FIGS. 3 and 4 provide illustrations of design poly-
gons and mask polygons generated using OPC techniques on
the design polygons in accordance with various embodiments
of the present disclosure; and

[0021] FIG. 5 is a schematic illustration of a block diagram
of a computing system arranged in accordance with some
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0022] The following detailed description is merely illus-
trative in nature and is not intended to limit the embodiments
of the subject matter or the application and uses of such
embodiments. As used herein, the word “exemplary” means
“serving as an example, instance, or illustration.” Any imple-
mentation described herein as exemplary is not necessarily to
be construed as preferred or advantageous over other imple-
mentations. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the preceding
technical field, background, brief summary or the following
detailed description.

[0023] Embodiments of the present disclosure provide
methods for designing an EUV photomask, and the use of
such EUV photomasks in the fabrication of integrated circuit
structures. The disclosed embodiments are useful in correct-
ing the tip-to-tip printability problems that have been encoun-
tered in the prior art. EUV photomasks may be employed in
the manufacture of integrated circuits in the following man-
ner as well-known in the art: Electromagnetic radiation in the
form of EUV waves are directed reflected by the EUV photo
mask and onto a photoresist layer that has been deposited over
a semiconductor substrate. The electromagnetic radiation,
when contacting the photoresist layer, forms a pre-pattern
opening in the photoresist layer. The pre-pattern opening
allows for the etching and/or deposition of a plurality of
materials onto the semiconductor substrate to form one or
more semiconductive transistor structures thereon.

[0024] Moreover, the embodiments presented herein pro-
vide novel OPC techniques for use in connection with EUV
lithography in the design and fabrication of integrated cir-
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cuits. The OPC techniques set forth herein beneficially
increase tip-to-tip printability, that is, using these techniques,
the distance between line “tips” may be reduced below what
was available in the prior art due to MRC considerations. As
will be appreciated, the reduction in tip-to-tip distance will
allow for more compact layout designs, which reduces the
“footprint” that the integrated circuit requires on the semi-
conductor substrate thereby enabling overall smaller circuits.
Further, the reduction in tip-to-tip distance, due to the reduce
footprint, may allow for the implementation of certain advan-
tageous integrated circuit design that were previously not
possible due to size constraints. Still further, the OPC tech-
niques set forth herein do not require the use of multiple mask
layers, which will assist in making EUV lithography a finan-
cially-viable option for large-scale semiconductor fabrication
in comparison to conventional 193 nm lithography.

[0025] The subject matter is described herein in the context
of metal oxide semiconductor (MOS) devices. Although the
term “MOS device” properly refers to a device having a metal
gate electrode and an oxide gate insulator, that term will be
used throughout to refer to any semiconductor device that
includes a conductive gate electrode (whether metal or other
conductive material) that is positioned over a gate insulator
(whether oxide or other insulator) which, in turn, is posi-
tioned over a semiconductor substrate. Various steps in the
fabrication of MOS semiconductor devices are well known
and so, in the interest of brevity, many conventional steps will
only be mentioned briefly herein or will be omitted entirely
without providing the well-known process details.

[0026] As such, in accordance with certain embodiments of
the present disclosure, the novel OPC techniques are pre-
sented that improve the optical proximity correction effect to
bias the mask polygons to correct for the pullback effect. With
reference now to FIG. 3, pattern set 300 includes two desired
design polygons 301 and 302 that are illustrated. For
example, polygon 301 is illustrated having a length 308 and a
width 309, wherein the length is substantially greater than the
width (for example, the length 308 may be two or more times
greater than the width 309). The length and width of polygon
302 may be the same as polygon 301 or different than polygon
301. Desired design polygons 301 and 302 are separated by a
desired design separation distance 311, with midpoint 312
therebetween. In some embodiments, the desired design
separation distance 311 may be less than the distance allow-
able under prior art OPC standards, for a given technology
node. As shown, the polygons 301 and 302 may extend co-
linearly with one another with respect to their lengths. How-
ever, in other embodiments, tip-to-tip printability issues
could be encountered in designs wherein the respective poly-
gons are not co-linear, for example they may be at an angle
with respect to one another, such as perpendicular. As such,
the co-linear illustrations should be considered non-limiting.

[0027] Inanembodiment, a novel OPC techniqueis applied
to the desired design polygons 301 and 302 to generate a mask
polygon 305 which, when used in the fabrication of integrated
circuits, will generate a pattern on a photoresist layer with
substantially the same dimensions as the desired design poly-
gons 301 and 302 (as used herein, the term “substantially the
same dimensions” means having dimensions (i.e., length,
width) that vary less than or equal to about 20%, such as less
than or equal to about 10%, for example less than or equal to
about 5%). Mask polygon 305 not only covers an area corre-
sponding to polygons 301 and 302, but also extends to cover
an area 314 that corresponds with separation distance 311.
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With additional reference now to FIG. 4, mask polygon 305
further includes, wholly with the area 314, a filled polygon
322. Filled polygon 322 is anon-opened area of the mask, i.e.,
an area that does not allow UV light to pass therethrough,
similar to the areas outside of polygon 305. The filled polygon
provides a “block” in the middle of the mask polygon 305 that
blocks the EUV light in the middle of the mask polygon 305,
while allowing light around the filled polygon 322 to pass
there-through (areas A, A,). This combination of features
has been surprising discovered to allow for the printing of
closer tip proximity, as compared to prior art methods of
merely extending the two polygons.

[0028] As such, it will be appreciated that embodiments of
the present disclosure employ an OPC principle that directly
opposes the prior art principles. That is, as described above,
the prior art OPC design principle is to begin with the desired
polygon design, and bias the ends of the desired polygon
design to increase their length, and reduce the distance
between the polygons when preparing the mask. In accor-
dance with the embodiments described herein, however, the
OPC technique is implemented by first merging the desired
design polygons together, and then adding a filled polygon in
the merged area. That is, the OPC technique is implemented
by generating: (1) the mask polygon 305 that has dimensions
corresponding to a combination of the desired design poly-
gons 301, 302 and the separation distance 311, and (2) the
filled polygon 322 within the mask polygon 305, thereby
generating an OPC-corrected patterned layout design. In this
manner, the dimensions of the filled area may be increased
lengthwise (as indicated by arrows 313) to accommodate a
certain design polygon, as opposed to adding bias length,
which proceeds in the opposite direction.

[0029] FIG. 4 illustrates the implementation of the filled
polygon 322 in accordance with embodiments. Filled poly-
gon 322 has a length X (indicated by arrow 332) and a width
Y (indicated by arrow 333). Length X will vary depending on
the desired design polygons 301 and 302, and particularly on
the desired separation distance 311 therebetween (i.e., greater
distances 311 correspond with greater lengths X). The width
Y is provided less than the overall width of the desired width
of'the polygons 309, and as such portions of the mask polygon
305, generally defined by first and second edge spacing dis-
tances A, and A, (and illustrated by arrows 331a and 3315,
respectively), remain on opposing width-ends of the filled
polygon 322. In some embodiments, the width Y may be from
about 40% to about 90% of the width 309, such as from about
50% to about 80%). As such, portions of the mask polygon
305, within edge spacing distances A and A, are continuous
along the entire length of the mask polygon 305 (i.e., are
uninterrupted by the filled polygon 322). In some embodi-
ments, A, and A, have similar or the same magnitudes,
whereas in other embodiments they may vary. Optionally, the
magnitude of widthY is as large as possible (according to the
particular technology node at issue), and the magnitudes of
A, and A, are maximized and are substantially equal. In some
embodiments, the filled polygon 322 may be centered within
the area 314. That is, as best shown in FIG. 3, a midpoint 323
of the filled polygon 322 may correspond with the midpoint
312 of the distance 311.

[0030] In accordance with further embodiments of the
present disclosure, as shown particularly in FIG. 4, for
example in designs wherein edge spacing distances A | and A,
may be too small to meet MRC requirements, the OPC tech-
niques add width extension portions 350 to the mask polygon
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305 within the area 314 in order to locally increase the width
of the mask polygon 305. Width extension portions 350 may
be provided with a width sufficient to ensure that A; and A,
meet MRC requirements. The length of extension portions
350 is generally greater than the width X (for example two,
three, or more times greater), but generally about the same as
or less than the magnitude of distance 311. Optionally,
although not required, the dimensions of the width extension
portions 350 on opposing width-ends of the polygon mask
305 may be about the same.

[0031] Advantageously, embodiments of the present dis-
closure can be implemented on one or more computer sys-
tems and/or computer-implemented software. That is to say,
the desired design polygons 301 and 302 may be generated on
one or more computer systems and/or computer-imple-
mented software, the OPC corrections may be implemented
using one or more computer systems and/or computer-imple-
mented software, and the corresponding masks may be gen-
erated using machinery that is directed by one or more com-
puter systems and/or computer-implemented software.
Additionally, one or more computer systems and/or com-
puter-implemented software may be used to convert the OPC-
corrected patterned layout design into a mask writer-compat-
ible format, for use in generating a mask writer-compatible
layout design, as is known in the art. FIG. 5 is a schematic
illustration of a block diagram of a computing system 500
arranged in accordance with some examples. Computer sys-
tem 500 is also representative of a hardware environment for
the present disclosure. For example, computer system 500
may have a processor 501 coupled to various other compo-
nents by a system bus 502.

[0032] Referring to FIG. 5, an operating system 503 may
run on computer processor 501, and provide control and
coordinate the various OPC and mask design functions as
described above. An application 504 in accordance with the
principles of examples of the present disclosure may execute
in conjunction with operating system 503, and provide calls
and/or instructions to operating system 503 where the calls/
instructions implement the various functions or services to be
performed by application 504 (which can be OPC or mask
writer fracturing software).

[0033] A read-only memory (“ROM”) 505 may be coupled
to system bus 502, and can include a basic input/output sys-
tem (“BIOS”) that can control certain basic functions of com-
puter device 500. A random access memory (“RAM”) 506
and a disk adapter 507 may also be coupled to system bus 502.
This and other non-transitory memory components may be
used to store, for example, OPC parameters or application
504 software code. It should be noted that software compo-
nents, including operating system 503 and application 504,
may be loaded into RAM 506, which may be computer sys-
tem’s main memory for execution. A disk adapter 507 may be
provided which can be an integrated drive electronics
(“IDE”) or parallel advanced technology attachment
(“PATA”) adapter, a serial advanced technology attachment
(“SATA”) adapter, a small computer system interface
(“SCSI”) adapter, a universal serial bus (“USB”) adapter, an
IEEE 1394 adaptor, or any other appropriate adapter that
communicates with a disk unit 508, e.g., disk drive.

[0034] Computer system 500 may further include a com-
munications adapter 509 coupled to bus 502. Communica-
tions adapter 509 may interconnect bus 502 with an external
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network (not shown) thereby facilitating computer system
500 to communicate with other similar and/or different
devices.

[0035] Input/output (“I/O”) devices may also be connected
to computer system 500 via a user interface adapter 510 and
a display adapter 511. For example, a keyboard 512, a mouse
513 and a speaker 514 may be interconnected to bus 502
through user interface adapter 510. Data may be provided to
computer system 500 through any of these example devices.
A display monitor 515 may be connected to system bus 502
by display adapter 511. In this example manner, a user can
provide data or other information to computer system 500
through keyboard 512 and/or mouse 513, and obtain output
from computer system 500 via display 515 and/or speaker
514.

[0036] Accordingly, the foregoing description has pro-
vided novel OPC techniques for use in connection with EUV
lithography in the design and fabrication of integrated cir-
cuits. The OPC techniques set forth herein beneficially
increase tip-to-tip printability, that is, using these techniques,
the distance between line “tips” may be reduced below what
was available in the prior art due to MRC considerations.
Furthermore, the OPC techniques set forth herein do not
require the use of multiple mask layers, which will assist in
making EUV lithography a financially-viable option for
large-scale semiconductor fabrication in comparison to con-
ventional 193 nm lithography.

[0037] While at least one exemplary embodiment has been
presented in the foregoing detailed description, it should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or
embodiments described herein are not intended to limit the
scope, applicability, or configuration of the claimed subject
matter in any way. Rather, the foregoing detailed description
will provide those skilled in the art with a convenient road
map for implementing the described embodiment or embodi-
ments. It should be understood that various changes can be
made in the function and arrangement of elements without
departing from the scope defined by the claims, which
includes known equivalents and foreseeable equivalents at
the time of filing this patent application.

What is claimed is:
1. A method of manufacturing an extreme ultraviolet
(EUV) photomask comprising:
designing a pattern for an EUV photomask for forming a
pre-pattern opening in a photoresist layer on a semicon-
ductor substrate, wherein said designing comprises:
providing a patterned layout design comprising first and
second design polygons that correspond with the pre-
pattern opening, wherein the first and second design
polygons are separated by a separation distance;
correcting the patterned layout design using optical
proximity correction (OPC) by generating: (1) a third
polygon that has dimensions corresponding to a com-
bination of the first and second design polygons and
the separation distance, and (2) afilled polygon within
the third polygon, thereby generating an OPC-cor-
rected patterned layout design; and
converting the OPC-corrected patterned layout design
into a mask writer-compatible format, thereby gener-
ating an OPC-corrected, mask writer-compatible lay-
out design comprising the third polygon and the filled
polygon; and
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manufacturing the EUV photomask in a mask writer tool
using the OPC-corrected, mask writer-compatible lay-
out design as a template for the EUV photomask.

2. The method of claim 1, wherein generating the filled
polygon comprises generating a filled polygon within an area
of'the third polygon corresponding to the separation distance.

3. The method of claim 2, wherein generating the filled
polygon comprises generating a filled polygon that is cen-
tered length-wise within the area of the third polygon corre-
sponding to the separation distance.

4. The method of claim 1, wherein generating the filled
polygon comprises generating a filled polygon having a width
that is less than a width either the first or second polygons.

5. The method of claim 4, wherein generating the filled
polygon comprises generating a filled polygon having a
length that is less than a length of the separation distance.

6. The method of claim 1, wherein providing the patterned
layout design comprising first and second design polygons
comprises providing a patterned layout design comprising
first and second design polygons that have lengths greater
than widths, and that are co-linear with respect to one another
in a length-wise direction.

7. The method of claim 1, wherein correcting the patterned
layout design using OPC further comprises generating: (3)
extension portions that locally increase a width of the third
polygon in an area of the third polygon corresponding to the
separation distance.

8. The method of claim 7, wherein generating the extension
portions comprises generating first and second extension por-
tions on opposite width-ends of the third polygon.

9. The method of claim 8, wherein generating the extension
portions comprises generating extension portions that have
lengths greater than widths.

10. The method of claim 1, wherein the steps of providing,
correcting, and converting are performed using computer-
implemented software.

11. A method for fabricating an integrated circuit, the
method comprising:

providing a semiconductor substrate comprising a semi-

conductor material;

forming a photoresist layer over the semiconductor sub-

strate;

providing an extreme ultraviolet (EUV) photomask,

wherein providing the EUV photomask comprises:
designing a pattern for an EUV photomask for forming
a pre-pattern opening in a photoresist layer on a semi-
conductor substrate, wherein designing the pattern for
the EUV photomask comprises:
providing a patterned layout design comprising first
and second design polygons that correspond with
the pre-pattern opening, wherein the first and sec-
ond design polygons are separated by a separation
distance;
correcting the patterned layout design using optical
proximity correction (OPC) by generating: (1) a
third polygon that has dimensions corresponding to
a combination of the first and second design poly-
gons and the separation distance, and (2) a filled
polygon within the third polygon, thereby generat-
ing an OPC-corrected patterned layout design; and
converting the OPC-corrected patterned layout
design into a mask writer-compatible format,
thereby generating an OPC-corrected, mask writer-
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compatible layout design comprising the third
polygon and the filled polygon; and
manufacturing the EUV photomask in a mask writer tool
using the OPC-corrected, mask writer-compatible
layout design as a template for the EUV photomask;
disposing the EUV photomask over the photoresist layer;
and
directing an EUV light source reflected by the photomask
so as to expose a portion of the photoresist layer with the
EUV light source.

12. The method of claim 11, wherein providing the pat-
terned layout design comprising first and second design poly-
gons comprises providing a patterned layout design compris-
ing first and second design polygons that have lengths greater
than widths, and that are co-linear with respect to one another
in a length-wise direction.

13. The method of claim 11, wherein generating the third
polygon and the filled polygon comprises generating a third
polygon that is continuous along portions of'its length that are
uninterrupted by the filled polygon.

14. The method of claim 13, wherein generating the third
polygon and the filled polygon comprises generating a third
polygon that is discontinuous along portions of its length that
re interrupted by the filled polygon.

15. The method of claim 11, wherein providing the semi-
conductor substrate comprises providing a silicon wafer.

16. The method of claim 11, wherein the steps of providing,
correcting, and converting are performed using computer-
implemented software.
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17. The method of claim 11, wherein correcting the pat-
terned layout design using OPC further comprises generat-
ing: (3) extension portions that locally increase a width of the
third polygon in an area of the third polygon corresponding to
the separation distance.

18. The method of claim 17, wherein generating the exten-
sion portions comprises generating first and second extension
portions on opposite width-ends of the third polygon.

19. A method of optical proximity correction (OPC) in
extreme ultraviolet lithography comprising:

using computing system comprising a computer processor,

providing a patterned layout design comprising first and
second design polygons, wherein the first and second
design polygons are separated by a separation distance;
and

using the computing system, correcting the patterned lay-

out design using OPC by generating: (1) a third polygon
that has dimensions corresponding to a combination of
the first and second design polygons and the separation
distance, and (2) a filled polygon within the third poly-
gon.

20. The method of claim 19, wherein providing the pat-
terned layout design comprising first and second design poly-
gons comprises providing a patterned layout design compris-
ing first and second design polygons that have lengths greater
than widths, and that are co-linear with respect to one another
in a length-wise direction.
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