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(57) ABSTRACT 

A photomask and method for eliminating design rule vio­
lations from the photomask are disclosed. A photomask 
includes a substrate and a patterned layer formed on at least 
a portion of the substrate. The patterned layer may be formed 
using a mask pattern file created by comparing a feature 
dimension in a mask layout file with a design rule in a 
technology file, identifying a design rule violation if the 
feature dimension is less than the design rule and automati­
cally correcting the identified design rule violation in the 
mask layout file. 
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PHOTO MASK AND INTEGRATED CIRCUIT 
MANUFACTURED BY AUTOMATICALLY 

CORRECTING DESIGN RULE VIOLATIONS IN A 
MASK LAYOUT FILE 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of U.S. 
patent application Ser. No. 09/401,152, filed Sep. 22, 1999 
and entitled "AUTOMATIC FIX (CORRECTION) OF 
DESIGN RULE VIOLATIONS THROUGHOUT GLOBAL 
MASK LAYOUT DATABASE (IC LAYOUT) COM­
PUTER SOFTWARE." 

TECHNICAL FIELD OF THE INVENTION 

[0002] This invention relates in general to the field of 
photolithography, and more particularly to a photomask and 
method for eliminating design rule violations from the 
photomask. 

BACKGROUND OF THE INVENTION 

[0003] Over the past several years, the number of transis­
tors in a semiconductor device has increased dramatically. 
Due to this increase, the time to design and manufacture 
semiconductor devices has also increased. 

[0004] A typical semiconductor design process includes 
numerous steps. Initially, a circuit designer prepares a sche­
matic diagram that includes logical connections between 
logic elements that form an integrated circuit. The schematic 
diagram is then tested to verify that the logic elements and 
associated logical connections perform a desired function. 
Once the circuit is verified, the schematic diagram is con­
verted into a mask layout database that includes a series of 
polygons. The polygons may represent the logic elements 
and the logical connections contained the schematic dia­
gram. The mask layout database is then converted into 
multiple photomasks, also know as masks or reticles, that 
may be used to image different layers of the integrated 
circuit on to a semiconductor wafer. 

[0005] Typically, the mask layout database is created 
manually by a layout designer or automatically by a syn­
thesis tool. Once the mask layout database is complete, 
spacing between the polygons on the same layer is compared 
to the minimum allowable spacing that is included in a 
technology file for a desired manufacturing process. This 
comparison may identify design rule violations if the spac­
ing between the polygons or the dimensions of the polygons 
in the mask layout database is less than the corresponding 
minimum allowable design rule in the technology file. 

[0006] Today, any design rule violations in the mask 
layout database are corrected manually by a layout designer. 
The layout designer typically finds each violation and manu­
ally corrects the violations by moving polygons associated 
with the violations. During the correction process, the layout 
designer may create new design rule violations and, there­
fore, the correction process may be repeated until the mask 
layout database does not include any design rule violations. 
The process of iteratively correcting the design rule viola­
tions may take several hours or even days to complete and 
can increase the time needed to design the integrated circuit. 
The additional time required to complete layout may also 
delay the production of a photomask set used to fabricate the 
integrated circuit. 
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SUMMARY OF THE INVENTION 

[0007] In accordance with the present invention, the dis­
advantages and problems associated with eliminating design 
rule violations on a photomask have been substantially 
reduced or eliminated. In a particular embodiment, a pho­
tomask is formed by using a mask pattern file created by 
automatically correcting a design rule violation in a mask 
layout file. 

[0008] In accordance with one embodiment of the present 
invention, a photomask includes a patterned layer formed on 
at least a portion of a substrate. The patterned layer may be 
formed using a mask pattern file that is created by comparing 
a feature dimension in a mask layout file with a design rule 
in a technology file. If the feature dimension is less than the 
design rule, a design rule violation is identified and auto­
matically corrected in the mask layout file. 

[0009] In accordance with another embodiment of the 
present invention, an integrated circuit includes a plurality 
of interconnect layers, including but not limited to n-well, 
p-well, diffusion, polysilicon and metal, and a plurality of 
contact layers that provide electrical connections between 
the respective interconnect layers. The interconnect and 
contact layers may be formed using a plurality of photo­
masks that are created by comparing a feature dimension in 
a mask layout file with a design rule in a technology file. If 
the feature dimension is less than the design rule, a design 
rule violation is identified and automatically corrected in the 
mask layout file. A plurality of mask pattern files that 
correspond to the interconnect and contact layers are gen­
erated from the mask layout file. 

[0010] Important technical advantages of certain embodi­
ments of the present invention include a design rule fix 
(DRF) tool that reduces the design time for an integrated 
circuit.A design rule check (DRC) tool checks a mask layout 
file for design rule violations and identifies any violations in 
an output file. If the mask layout file contains design rule 
violations, the DRF tool reads the coordinates of the viola­
tion from the output file and automatically adjusts a feature 
dimension associated with the violation until the feature 
dimension is equal to or greater than a minimum design rule 
for a desired manufacturing process. The time needed to 
verify the mask layout file may be substantially reduced 
because the DRF tool simultaneously identifies and elimi­
nates the design rule violations in the mask layout file. 

[0011] Another important technical advantage of certain 
embodiments of the present invention includes a DRF tool 
that reduces the size and increases the density of features in 
a mask layout file. In addition to correcting design rule 
violations, the DRF tool determines if the spacing between 
polygons in the mask layout file is greater than the corre­
sponding minimum design rules in a technology file and 
reduces the spacing until it is approximately equal to the 
minimum design rule. The density of the mask layout file, 
therefore, may be increased, which also increases the num­
ber of integrated circuits that may be fabricated on a wafer. 

[0012] All, some, or none of these technical advantages 
may be present in various embodiments of the present 
invention. Other technical advantages will be readily appar­
ent to one skilled in the art from the following figures, 
descriptions, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] A more complete and thorough understanding of 
the present embodiments and advantages thereof may be 
acquired by referring to the following description taken in 
conjunction with the accompanying drawings, in which like 
reference numbers indicate like features, and wherein: 

[0014] FIG. 1 illustrates a cross-sectional view of a pho­
tomask assembly manufactured in accordance with teach­
ings of the present invention; 

[0015] FIG. 2 illustrates a block diagram of a computer 
system for correcting design rule violations in a mask layout 
file in accordance with teachings of the present invention; 

[0016] FIG. 3 illustrates a schematic diagram of an 
example integrated circuit formed in accordance with teach­
ings of the present invention; 

[0017] FIG. 4 illustrates a layout view of the example 
integrated circuit of FIG. 3 after a design rule verification 
tool checks feature dimensions in a mask layout file; 

[0018] FIG. 5 illustrates a layout view of the example 
integrated circuit of FIG. 3 after correction of any design 
rule violations in a mask layout file; and 

[0019] FIG. 6 illustrates a flow chart for one example of 
a method for correcting design rule violations in a mask 
layout file in accordance with teachings of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Preferred embodiments of the invention and its 
advantages are best understood by reference to FIGS. 1 
through 6 of the drawings, like numerals being used for like 
and corresponding parts of the various drawings. 

[0021] As the number of transistors on an integrated 
circuit continues to increase, the design process for the 
integrated circuit becomes more complex. For example, an 
increasing number of transistors may require additional 
layers to form the integrated circuit on a semiconductor 
wafer. Each layer associated with the integrated circuit may 
include a design rule for the layer in a desired manufacturing 
process. The number of design rules for the desired manu­
facturing process, therefore, increases with the number of 
layers formed on the semiconductor wafer. 

[0022] A design rule typically defines the minimum or 
maximum allowable dimension for a feature fabricated on a 
specific layer. For example, an integrated circuit may 
include, among other layers, a polysilicon layer that forms 
the transistor gates, a metal layer that forms interconnects 
between transistors and a contact or via layer that connects 
the polysilicon layer to the metal layer. Each layer typically 
has one or more design rules associated with features in a 
mask layout file that are formed on the specific layer. The 
metal layer may include design rules for a minimum allow­
able spacing between two adjacent metal features, a mini­
mum width of a metal feature and a minimum and/or 
maximum length of a metal feature. The polysilicon and 
contact layers may include similar design rules where the 
minimum or maximum allowable dimensions are unique to 
that layer. 
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[0023] FIG. 1 illustrates a cross-sectional view of photo­
mask assembly 10 manufactured using a mask layout file. 
Photomask assembly 10 includes photomask 12 coupled to 
pellicle assembly 14. Substrate 16 and patterned layer 18 
form photomask 12, otherwise known as a mask or reticle, 
that may have a variety of sizes and shapes, including but not 
limited to round, rectangular, or square. Photomask 12 may 
also be any variety of photomask types, including, but not 
limited to, a one-time master, a five-inch reticle, a six-inch 
reticle, a nine-inch reticle or any other appropriately sized 
reticle that may be used to project an image of a circuit 
pattern onto a semiconductor wafer. Photomask 12 may 
further be a binary mask, a phase shift mask (PSM), an 
optical proximity correction (OPC) mask or any other type 
of mask suitable for use in a lithography system. 

[0024] Photomask 12 includes patterned layer 18 formed 
on substrate 16 that, when exposed to electromagnetic 
energy in a lithography system, projects a pattern onto a 
surface of a semiconductor wafer (not expressly shown). 
Substrate 16 may be a transparent material such as quartz, 
synthetic quartz, fused silica, magnesium fluoride (MgF2), 
calcium fluoride (CaF2), or any other suitable material that 
transmits at least seventy-five percent (75%) of incident 
light having a wavelength between approximately 10 
nanometers (nm) and approximately 450 nm. In an alterna­
tive embodiment, substrate 16 may be a reflective material 
such as silicon or any other suitable material that reflects 
greater than approximately fifty percent (50%) of incident 
light having a wavelength between approximately 10 nm 
and 450 nm. 

[0025] Patterned layer 18 may be a metal material such as 
chrome, chromium nitride, a metallic oxy-carbo-nitride 
(M-0-C-N), where the metal is selected from the group 
consisting of chromium, cobalt, iron, zinc, molybdenum, 
niobium, tantalum, titanium, tungsten, aluminum, magne­
sium and silicon, and any other suitable material that absorbs 
electromagnetic energy with wavelengths in the ultraviolet 
(UV) range, deep ultraviolet (DUY) range, vacuum ultra­
violet (VUV) range and extreme ultraviolet range (EUV). In 
an alternative embodiment, patterned layer 18 may be a 
partially transmissive material, such as molybdenum silicide 
(MoSi), which has a transmissivity of approximately one 
percent to approximately thirty percent (30%) in the UV, 
DUY, VUV and EUV ranges. 

[0026] Frame 20 and pellicle film 22 may form pellicle 
assembly 14. Frame 20 is typically formed of anodized 
aluminum, although it could alternatively be formed of 
stainless steel, plastic or other suitable materials. Pellicle 
film 22 may be a thin film membrane formed of a material 
such as nitrocellulose, cellulose acetate, an amorphous fluo­
ropolymer, such as TEFLON® AF manufactured by E. I. du 
Pont de Nemours and Company or CYTOP® manufactured 
by Asahi Glass, or another suitable film that is transparent to 
wavelengths in the UV, DUY, EUV and VUV ranges. 
Pellicle film 22 may be prepared by a conventional tech­
nique such as spin casting. 

[0027] Pellicle film 22 protects photomask 12 from dust 
particles by ensuring that the dust particles remain a defined 
distance away from photomask 12. This may be especially 
important in a lithography system. During a lithography 
process, photomask assembly 10 is exposed to electromag­
netic energy produced by a radiant energy source within the 
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photolithography system. The electromagnetic energy may 
include light of various wavelengths, such as wavelengths 
approximately between the I-line and G-line of a Mercury 
arc lamp, or DUY, VUV or EUV light. In operation, pellicle 
film 22 is designed to allow a large percentage of the 
electromagnetic energy to pass through it. Dust particles 
collected on pellicle film 22 will likely be out of focus at the 
surface of the wafer being processed and, therefore, the 
exposed image on the wafer should be clear. Pellicle film 22 
formed in accordance with the teachings of the present 
invention may be satisfactorily used with all types of elec­
tromagnetic energy and is not limited to lightwaves as 
described in this application. 

[0028] Photomask 12 may be formed from a photomask 
blank using standard lithography processes. In a lithography 
process, a mask pattern file that includes data for patterned 
layer 18 may be generated from a mask layout file. The mask 
layout file may include polygons that represent transistors 
and electrical connections for an integrated circuit. The 
polygons in the mask layout file may further represent 
different layers of the integrated circuit when it is fabricated 
on a semiconductor wafer. For example, a transistor may be 
formed on a semiconductor wafer from a diffusion layer and 
a polysilicon layer. The mask layout file, therefore, may 
include one or more polygons drawn on the diffusion layer 
(not expressly shown) and one or more polygons drawn on 
the polysilicon layer (not expressly shown). The polygons 
for each layer may be converted into a mask pattern file that 
represents one layer of the integrated circuit. Each mask 
pattern file may be used to generate a photomask for the 
specific layer. 

[0029] The desired pattern may be imaged into a resist 
layer of the photomask blank using a laser, electron beam or 
X-ray lithography tool. In one embodiment, a laser lithog­
raphy tool uses an Argon-Ion laser that emits light having a 
wavelength of approximately 364 nanometers (nm). In alter­
native embodiments, the laser lithography tool uses lasers 
emitting light at wavelengths from approximately 150 nm to 
approximately 300 nm. Photomask 12 may be fabricated by 
developing and etching exposed areas of the resist layer to 
create a pattern, etching the portions of patterned layer 18 
not covered by resist, and removing the undeveloped resist 
to create patterned layer 18 over transparent substrate 16. 
Photomask 12 may then be placed into a lithography system 
to project an image onto the surface of a semiconductor 
wafer. A separate photomask is used for each individual 
layer of the integrated circuit. For example, one photomask 
may be used to create the diffusion regions on a wafer and 
another photomask may be used to create a layer of poly­
silicon over the diffusion regions. 

[0030] FIG. 2 illustrates a block diagram of computer 
system 30 that may be used to correct design rule violations 
in a mask layout file. In the illustrated embodiment, com­
puter system 30 includes processing resource 32, memory 
34 and display device 36. Processing resource 32 may be a 
microprocessor, a microcontroller, a digital signal processor 
(DSP) or any other digital or analog circuitry configured to 
execute processing instructions stored in memory 34. 
Memory 34 may be random access memory (RAM), elec­
trically erasable programmable read-only memory 
(EEPROM), a PCM CIA card, flash memory, or any suitable 
selection and/or array of volatile or non-volatile memory 
that retains data after the power to computer system 30 is 
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turned off. Display device 36 may be a liquid crystal device, 
cathode ray tube, or other display device suitable for creat­
ing graphic images and alphanumeric characters recogniz­
able to a user. 

[0031] In operation, processing instructions are stored in 
memory 34. Processing resource 32 accesses memory 34 to 
retrieve the processing instructions and perform various 
functions included in the processing instructions. In one 
embodiment, the processing instructions may include a 
design rule fix (DRF) tool. The DRF tool may use any 
commercially available design rule check (DRC) tool to 
compare feature dimensions in a mask layout file to design 
rules for a desired manufacturing process. The design rules 
may be included in a technology file that is used by the DRC 
tool and may represent the minimum and/or maximum 
allowable feature dimensions (e.g., spaces between poly­
gons and dimensions of polygons) for the desired manufac­
turing process. If the feature dimensions in the mask layout 
file are greater than or equal to the minimum design rules, 
the DRC tool may generate an output file that indicates that 
the mask layout file does not include any design rule 
violations. 

[0032] However, if at least one feature dimension in the 
mask layout file is less than a corresponding design rule in 
the technology file, the DRC tool may generate an output file 
that contains any identified design rule violations. The 
output file may be used by the DRF to locate the coordinates 
of the polygons in the mask layout file that are associated 
with the design rule violations. The DRF tool may auto­
matically adjust the feature dimension of spaces between 
polygons or the length and/or width of the polygons until the 
feature dimension is approximately equal to or greater than 
the corresponding design rule in the technology file. 

[0033] In one embodiment, changes to the mask layout file 
may create new design rule violations that are associated 
with polygons surrounding the edited polygons. The DRF 
tool, therefore, analyzes any potential changes to the mask 
layout file to ensure that no additional design rule violations 
are created. Once the DRF tool determines that the changes 
to the mask layout file will not create additional design rule 
violations, the DRF tool repositions the polygons associated 
with the original design rule violations. In one embodiment, 
the DRF tool may reposition one or more edges of the 
polygons in the mask layout file. The DRF tool also main­
tains connectivity in the mask layout file by adding polygons 
to any features that may be affected when the polygons 
associated with the design rule violation are repositioned in 
the mask layout file. The DRF tool individually locates and 
corrections all of the design rule violations identified in the 
output file until the mask layout file is free of design rule 
violations. 

[0034] In one embodiment, the changes to the polygons 
associated with the design rule violations may increase the 
size of the mask layout file. Once the design rule violations 
have been removed, the DRF tool determines if the polygons 
in the mask layout file may be compacted. The DRF tool first 
compares the spacings between the polygons in the mask 
layout file to the corresponding design rule in the technology 
file. If any of the spacings are greater than the corresponding 
design rules, the design tool attempts to reduce the distance 
between the polygons such that the spacing between the 
polygons is approximately equal to the corresponding mini-
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mum feature spacing contained in the technology file. Since 
the DRF tool uses the design rules to compact the mask 
layout file, no design rule violations are created and the 
mask layout file has an increased density. 

[0035] In some embodiments, the processing instructions 
for correcting design rule violations in a mask layout file 
may be encoded in computer-usable media. Such computer­
usable media may include, without limitation, storage media 
such as floppy disks, hard disks, CD-ROMS, DVDS, read­
only memory, and random access memory; as well as 
communications media such wires, optical fibers, micro­
waves, radio waves, and other electromagnetic or optical 
earners. 

[0036] FIG. 3 illustrates schematic diagram 40 of an 
integrated circuit that includes NAND 42 and NOR 44. 
NAND 42 may include two inputs, labeled a and b and NOR 
44 may include two inputs, labeled a and b. In the illustrated 
embodiment, node 46, labeled inl, is connected to input a of 
NAND 42, node 48, labeled in2, is connected to input b of 
NOR 44, and input b of NAND 42 is connected to input a 
of NOR 44. Output 50 of NAND 22 is labeled outl and 
output 52 of NOR 34 is labeled out2. In another embodi­
ment, NAND 42 and NOR 44 may have more than two 
inputs and the circuit may be connected in any suitable way. 
In other embodiments, an integrated circuit may include 
other logical elements, including, but not limited to, invert­
ers, AND gates, OR gates, XOR gates and XNOR gates, and 
complex circuits, such as adders, latches, flip-flops, multi­
plexers, registers, memory cells, programmable logic arrays 
(PLAs) and any other type of circuitry that may be used to 
form an integrated circuit. 

[0037] In order to verify that the logic elements and 
associated connections perform the desired function, a 
netlist may be generated of the integrated circuit in sche­
matic diagram 40. The netlist may include a list of transis­
tors, such as P-MOSFETS and N-MOSFETS that form the 
integrated circuit, nodes associated with the integrated cir­
cuit (e.g., nodes 26 and 28 and outputs 30 and 32) and the 
logical connections between the nodes. A verification tool 
may be used to verify that the connections are correct and 
the verified netlist may be stored in memory 14 for use by 
other applications. 

[0038] FIG. 4 illustrates layout block 54 that represents 
the integrated circuit shown in schematic diagram 40 of 
FIG. 3. Layout block 54 includes polygons that form NAND 
42 and NOR 44. Node 56 corresponds to node 46 in 
schematic diagram 40 and node 58 corresponds to node 48 
in schematic diagram 40. As shown, the integrated circuit is 
represented by polygons drawn on different layers, including 
but not limited to, n-well, p-well, diffusion, polysilicon, 
metal one contacts, metal one, metal two contacts, and metal 
two. In another embodiment, the integrated circuit may 
include the layers shown in FIG. 4 in addition to one or 
more polysilicon layers, one or more metal layers and any 
corresponding contact layers. Each layer may be separated 
by an insulating material, such as silicon dioxide. 

[0039] A mask layout file may be generated from layout 
block 54 and checked for design rule violations by a DRF 
tool that interfaces with any commercially available DRC 
tool. The DRC tool may measure dimensions of polygons 
and spaces between polygons in the mask layout file to 
determine if any feature dimensions are less than minimum 
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design rules for a desired manufacturing process. In one 
embodiment, the DRC tool may measure the space between 
polygons by determining the distance between the edges of 
two or more polygons. In another embodiment, the DRC 
tool may measure the dimensions of a polygon by deter­
mining the distance between opposite edges of the polygon. 
The DRC tool may then generate an output file indicating 
that layout block 54 is either free of design rule violations or 
has design rule violations associated with certain polygons. 
The output file may be used by a computer aided design 
(CAD) tool executing on computer system 30 to display the 
location of any violations within layout block 54 to a user on 
display device 36. 

[0040] As illustrated in FIG. 4, layout block 54 may 
contain at least three design rule violations. Diffusion vio­
lation 60 indicates that the distance between the polygons 
representing the respective p-type diffusion areas for NAND 
42 and NOR 44 is less than the minimum p-type diffusion 
spacing contained in the technology file. Polysilicon viola­
tion 62 indicates that the distance between the polygons 
representing the respective polysilicon gates for NAND 42 
and NOR 44 is less than the minimum polysilicon spacing 
contained in the technology file. Metal violation 64 indicates 
that the distance between the polygons representing metal 
one connections in NAND 42 is less than the minimum 
metal one spacing contained in the technology file. Diffusion 
violation 60, polysilicon violation 62 and metal violation 64 
may be shown in layout block 54 by highlighting, circling or 
identifying the design rule violation with any other suitable 
method. The identification method may include identifying 
all or a portion of the design rule violation. 

[0041] FIG. 5 illustrates layout block 54 after the DRF 
tool has corrected any design rule violations in a mask layout 
file. After identifying any design rule violations in the mask 
layout file, the DRF tool begins the process of eliminating 
the identified design rule violations. The DRF tool uses the 
output file from the DRC tool to determine the coordinates 
in the mask layout file of a design rule violation. For 
example, the DRF tool may first uses the coordinates for 
diffusion violation 60 from the output file to locate diffusion 
violation 60 (as shown in FIG. 4) in the mask layout file. 
Once the DRF tool has located diffusion violation 60, the 
DRF tool corrects diffusion violation by increasing the 
distance between NAND diffusion 70 and NOR diffusion 72. 
In one embodiment, the DRF tool repositions the edges of 
either NAND diffusion 70 or NOR diffusion 72, in addition 
to moving any polygons (e.g., polysilicon 74 and the metal 
and contacts connected to NOR diffusion 72) associated 
with either diffusion area. In another embodiment, the DRF 
tool repositions the edges of both NAND diffusion 70 and 
NOR diffusion 72 and moves any other polygons associated 
with the diffusion areas. 

[0042] In addition to correcting any design rule violations, 
the DRF tool also maintains the connectivity of electrical 
connections represented by the polygons in the mask layout 
file. For example, if the DRF tool moves NOR diffusion 72 
away from NAND diffusion 70, the DRF tool must also 
move polysilicon 74. In order to simultaneously maintain 
the connectivity of node 56 and move polysilicon 74, the 
DRF tool may add polygons to polysilicon 74 in order to 
compensate for the increased feature spacing between 
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NAND diffusion 70 and NOR diffusion 72. The additional 
polygons in polysilicon 74 may be added in order to avoid 
creating a break in node 56. 

[0043] Once the DRF tool determines that the feature 
dimension of the space between NAND diffusion 70 and 
NOR diffusion 72 is approximately equal to or greater than 
the minimum spacing for p-type diffusion included in the 
technology file, the DRF tool corrects polysilicon violation 
62 and metal violation 64. The DRF tool corrects polysilicon 
violation 62 and metal violation 64 using a method similar 
to the method described above in reference to diffusion 
violation 60. In one embodiment, DRF tool may simulta­
neously correct all design rule violations in the mask layout 
file. 

[0044] The DRF tool also determines if changes to the 
feature dimensions of the spaces between polygons and/or 
the dimensions of the polygons associated with design rule 
violations created any new design rule violations and/or 
increased the size of layout block 54. The DRF tool then 
automatically eliminates any new design rule violations and 
reduces the distances between polygons in layout block 54 
so that the features on each layer ( e.g., metal, polysilicon or 
contacts) include the minimum spacing and/or width 
allowed by the desired manufacturing process. 

[0045] In one embodiment, layout block 54 may be a 
subcell in a hierarchical design and may be repeated mul­
tiple times in a top-level cell. In this example, the DRF tool 
may identify a design rule violation in one instance of the 
subcell. Since each instance of the subcell may include 
identical polygons, a change to the polygons in one subcell 
may affect all instances of the subcell. The DRF tool, 
therefore, may correct the design rule violation in the one 
subcell and the design rule violation in all other instances 
will be globally corrected throughout the mask layout file. 
Once the design rule violation is corrected in the subcells, 
the DRF tool may check a top-level structure to determine 
if the changes caused any violations in the top-level struc­
ture. If the DRF tool identifies any violations in the top-level 
structure, the DRF tool corrects the violations at the top­
level and then verifies that the corrections did not effect any 
of the subcells. 

[0046] FIG. 6 illustrates a flow chart of a method for 
correcting design rule violations in a mask layout file. 
Generally, a design rule fix (DRF) tool, that includes a 
commercially available design rule check (DRC) tool, com­
pares feature dimensions (e.g., dimensions of polygons 
and/or spacing between polygons) in a mask layout file to 
corresponding design rules for a desired manufacturing 
process. If the mask layout file contains design rule viola­
tions, indicating that the feature dimensions the mask layout 
file are less than minimum design rules in a technology file, 
the DRF tool generates an output file that contains the design 
rule violations. The output file may be used by the DRF tool 
to automatically correct any design rule violations that were 
identified. The DRF tool may adjust the distance between 
polygons and/or modify dimensions of polygons associated 
with the design rule violations. The DRF tool also simulta­
neously maintains connectivity of any electrical connections 
that are affected by the modifications and compacts the mask 
layout file. The DRF tool may compact the mask layout file 
by using a minimization calculation to increase the density 
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of the mask layout file and shifting the polygons to the 
minimum design rules for the desired manufacturing pro­
cess. 

[0047] At step 80, a circuit designer creates schematic 
diagram 40 for an integrated circuit. Schematic diagram 40 
may be generated manually by the circuit designer or with 
a synthesis tool that creates a schematic diagram by using an 
input file, such as a high-level design language (HDL) file. 
The HDL file may include both behavioral descriptions and 
structural descriptions for the integrated circuit. Once sche­
matic diagram 40 is complete, a netlist may be generated 
from schematic diagram 40 at step 82. The netlist may 
include definitions of the generic cell logic functions and the 
connections between the various logic functions. In one 
embodiment, the netlist may be a flat netlist that defines all 
of the logic and connections at one level. In another embodi­
ment, the netlist may be a hierarchical netlist that contains 
top-level cells and one or more sub-cells that can be used in 
any of the top-level cells. The netlist may be generated from 
CAD tools developed by Cadence, Synopsis, Mentor Graph­
ics or any other company that provides software and/or 
hardware for generating a netlist from a schematic diagram. 

[0048] At step 84, the netlist may be tested by a verifica­
tion tool to determine if schematic diagram 40 includes the 
correct circuits and logical connections to perform a desired 
function. If the netlist contains logic errors, the verification 
tool may generate an output file that contains a list of the 
logic errors at step 86. The circuit designer may use the 
output file to correct errors in the logic and/or errors in the 
connections between the logic in schematic diagram 40 at 
step 88. The corrections may be made manually by the 
circuit designer or the output file may be used by a synthesis 
tool to automatically correct the errors and insert the correct 
logical elements and/or connections. Once the corrections 
have been made, a clean netlist is generated for logic 
verification at step 82. 

[0049] If the verification tool determines that the netlist 
does not contain any logic errors, layout block 54 that 
represents the integrated circuit shown in schematic diagram 
40 is created at step 90. The layout block may be created 
manually by a layout designer using CAD tools developed 
by Cadence, Synopsis, Mentor Graphics, or any other com­
pany that develops integrated circuit layout tools, or auto­
matically by a synthesis tool. Layout block 54 may include 
polygons located on different layers that form the transistors 
and electrical connections for the integrated circuit. The 
layers in layout block 54 may include, but are not limited to, 
n-well, p-well, diffusion, one or more polysilicon layers, any 
suitable number of metal layers and the associated contacts 
or vias that provide connections between the different layers. 

[0050] When layout block 54 is complete, a mask layout 
file is generated at step 92. The mask layout file contains 
data regarding the geometry and interconnections of the 
integrated circuit represented in layout block 54. This data 
may be stored in the GDSII format, CIF format, DFII 
format, or any other suitable format for data that may 
describe the geometry and interconnections of integrated 
circuits. Similar to the schematic netlist, the mask layout file 
may be flat or hierarchical. In a hierarchical design, a 
top-level structure includes specific references to one or 
more levels of subcells. The references include all geometry 
and connectivity information that are contained within each 
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of the subcells. Any top level structures and the associated 
subcells may also include local geometry and connectivity 
information that represent circuitry that is logically situated 
within the top level structure but not included in any 
referenced subcell. 

[0051] Once the mask layout file has been generated, a 
DRC tool determines if there are any design rule violations 
at step 94. A design rule violation may include, but is not 
limited to, less than minimum spacing between polygons on 
the same or different layers in layout block 54 or less than 
the minimum and/or maximum dimensions for the polygons 
on the various layers. The DRC tool compares the spacing 
between polygons and/or dimensions of the polygons in the 
mask layout file with the corresponding design rules for a 
desired manufacturing process. If a design rule violation is 
identified, the DRC tool includes the design rule violation in 
an output file at step 96. In one embodiment, the output file 
may be used by a CAD tool executing on computer system 
30 and the violations may be displayed for a layout designer 
within layout block 54 on display device 36. 

[0052] At step 98, a DRF tool may automatically correct 
the design rule violation in the mask layout file. In one 
embodiment, the DRF tool may move all polygons associ­
ated with the design rule violation in order to increase the 
space between the polygons or the dimensions of the poly­
gons associated with the violation. In another embodiment, 
the DRF tool may move only one polygon associated with 
the design rule violation to increase the feature dimension. 
In a further embodiment, the design rule violation may be 
caused by a feature dimension that is less than a minimum 
dimension in the technology file. In this example, the DRF 
tool may increase the feature dimension by repositioning 
edges of the features associated with the design rule viola­
tion. 

[0053] In an additional embodiment, the DRF tool may 
move a polygon from one layer to another layer in order to 
correct the design rule violation. For example, a change to 
a polygon associated with a design rule violation may create 
a new design rule violation. If the polygons on a particular 
layer cannot be moved to correct the design rule violation, 
the DRF tool may move a polygon from its original layer to 
a layer above or below the original layer in order to remove 
the design rule violation and maintain connectivity in the 
mask layout file. Once the design rule violation has been 
removed from the mask layout file, the DRF tool determines 
if any polygons should be added to electrical connections in 
order to maintain connectivity. The addition of new poly­
gons and the increase in distance between certain polygons 
may cause the size of layout block 54 to increase. The DRF 
tool may also reduce the size of layout block 54 by com­
pacting the layout so that the spacing between the polygons 
on the same or different layers is approximately equal to the 
minimum spacing allowed for a specific manufacturing 
process. Since the compaction process uses design rules 
from the technology file, no design rule violations are 
introduced into the mask layout file. 

[0054] In one embodiment, the mask layout file may be a 
hierarchical design. The hierarchical design may include a 
top level and one or more sub levels. In order to avoid the 
need to create the same cell multiple times, a subcell may be 
created and used numerous times throughout the top-level 
structure. The DRF tool may identify a design rule violation 
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in one of the subcells and correct the violation in each 
instance of the cell. By identifying the design rule violation 
in one subcell, a modification to the subcell will occur in all 
instances of the subcell. The change occurs globally such 
that the DRF tool does not have to find each instance of the 
design rule violation in the mask layout file. Once the 
subcells have been corrected, the DRF tool checks the 
top-level structure to determine if any design rule violations 
are present and eliminates them. The DRF tool also verifies 
that the corrections in the subcells did not cause any viola­
tions in the top-level structure by compensating for the 
edges of the subcell. In one embodiment, layout block 54 
may be a subcell located in a top-level structure within the 
hierarchical design. 

[0055] Once the design rule violations have been removed 
from the layout block, a clean mask layout file is generated 
at step 92. The clean mask layout file may be free of design 
rule violations and may include the minimum spacing 
between polygons and minimum widths for polygons for a 
specific semiconductor manufacturing process. The clean 
mask layout file is then checked by the DRF tool to verify 
that the design rule violations have been eliminated at step 
94. In one embodiment, the DRF tool may incrementally 
check the spacing between polygons and feature dimensions 
in the mask layout file such that the DRF tool only checks 
the portions of the mask layout file that were changed. 

[0056] If no design rule violations are found, a layout 
versus schematic (LVS) tool is used to determine if there are 
any connectivity mismatches between the netlist and the 
mask layout file at step 100. The LVS tool compares logical 
connections in the netlist to their corresponding electrical 
connections in the mask layout file to identify any errors. If 
the LVS tool determines that connectivity errors are present 
in the mask layout file, an output file is generated that 
includes at least one connectivity error at step 102. In one 
embodiment, the CAD tool, such as a layout editor, execut­
ing on computer system 30 reads the output file and displays 
the connectivity errors for the layout designer within layout 
block 54 on display device 36. 

[0057] At step 104, the connectivity errors may be 
removed from the mask layout file by using the output file. 
In one embodiment, a layout designer may manually correct 
the connectivity errors within layout 54 based on identifying 
marks provided by a layout editor. In this example, the 
layout designer may click on an error listed in the output file 
to load the error into the layout editor. In another embodi­
ment, the LVS tool may automatically correct the connec­
tivity errors in the mask layout file by using the output file. 
In this example, the LVS tool may remove all polygons 
associated with a mismatched electrical connection from the 
mask layout file or create a break point in the mismatched 
connection and remove all polygons associated with the 
mismatched connection between the break point and the 
mismatched node. Once the polygons have been removed, 
the LVS tool may locate the correct node in the mask layout 
file and determine a routing path for the matching electrical 
connection. The LVS tool routes the matching electrical 
connection in any appropriate layer ( e.g., polysilicon and/or 
any suitable layer of metal) within the mask layout file. 

[0058] Once all connectivity errors have been removed 
from the mask layout file, a clean mask layout file is 
generated at step 106. If the LVS tool determines that the 
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mask layout file does not include any connectivity errors, a 
photomask data file is generated from the mask layout file at 
step 108. Multiple photomask data files may be generated to 
represent the different layers in layout block 54. For 
example, one photomask data file may contain information 
for a photomask to be used during the diffusion step of the 
manufacturing process and a separate photomask data file 
may contain information for a photomask to be used to form 
the polysilicon gates of an integrated circuit. At step 110, 
each of the photomask data files is used in a lithography tool 
to create a photomask for each layer of an integrated circuit. 
At step 112, a pellicle assembly may be mounted on the 
photomask to create a photomask assembly. The pellicle 
assembly may prevent contaminants from landing on the 
surface of the photomask. Once the photomask assembly is 
created, the photomask assembly may be used in a lithog­
raphy system to image the pattern from the photomask on to 
a semiconductor wafer at step 114. A different photomask 
may be used for each layer of the integrated circuit until all 
layers of the integrated circuit have been fabricated on a 
semiconductor wafer. In one embodiment, a typical inte­
grated circuit may be fabricated by using between approxi­
mately ten and approximately thirty photomasks. 

[0059] Although the present invention has been described 
with respect to a specific preferred embodiment thereof, 
various changes and modifications may be suggested to one 
skilled in the art and it is intended that the present invention 
encompass such changes and modifications fall within the 
scope of the appended claims. 

What is claimed is: 
1. A photomask, comprising: 

a substrate; and 

a patterned layer formed on at least a portion of the 
substrate, the patterned layer formed using a mask 
pattern file created by: 

comparing a feature dimension in a mask layout file 
with a design rule in a technology file; 

identifying a design rule violation in the mask layout 
file if the feature dimension is less than the design 
rule; and 

automatically correcting the design rule violation in the 
mask layout file. 

2. The photomask of claim 1, further comprising the 
patterned layer formed by: 

determining if the feature dimension in the mask layout 
file is greater than the design rule in the technology file; 
and 

modifying the feature dimension until the feature dimen­
sion is approximately equal to the design rule. 

3. The photomask of claim 1, further comprising the 
patterned layer formed by: 

generating a clean mask layout file that does not include 
the design rule violation; and 

generating the mask pattern file from the clean mask 
layout file. 

4. The photomask of claim 1, wherein automatically 
correcting the design rule violation in the mask layout file 
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comprises adjusting the feature dimension until the feature 
dimension is approximately equal to or greater than the 
design rule. 

5. The photomask of claim 1, further comprising the mask 
layout file including first polygons that represent a first 
feature and second polygons that represent a second feature. 

6. The photomask of claim 5, wherein automatically 
correcting the design rule violation in the mask layout file 
comprises repositioning edges of the first and second poly­
gons in the mask layout file until the feature dimension is 
approximately equal to or greater than the design rule. 

7. The photomask of claim 1, further comprising the 
patterned layer formed by: 

generating an output file that includes the design rule 
violation; and 

reading the output file to determine coordinates of the 
design rule violation in the mask layout file. 

8. The method of claim 1, further comprising the pat­
terned layer formed by: 

identifying the design rule violation in one or more 
instances of a subcell in the mask layout file, the subcell 
located in a top-level cell; and 

simultaneously correcting the design rule violation in 
each instance of the subcell. 

9. The photomask of claim 1, further comprising the 
design rule selected from a group consisting of an n-well 
spacing, a p-well spacing, a diffusion spacing, a polysilicon 
spacing, a metal spacing and a contact spacing. 

10. The photomask of claim 1, further comprising the 
design rule selected from a group consisting of an n-well 
dimension, a p-well dimension, a diffusion dimension, a 
polysilicon dimension, a metal dimension and a contact 
dimension. 

11. A photomask assembly, comprising: 

a pellicle assembly defined in part by a pellicle frame and 
a pellicle film attached thereto; and 

a photomask coupled to the pellicle assembly opposite 
from the pellicle film, the photomask including a pat­
terned layer formed on a substrate, the patterned layer 
formed using a mask pattern file created by: 

comparing a feature dimension in a mask layout file 
with a design rule in a technology file; 

identifying a design rule violation in the mask layout 
file if the feature dimension is less than the design 
rule; and 

automatically correcting the design rule violation in the 
mask layout file. 

12. The photomask assembly of claim 17, further com­
prising the patterned layer formed by: 

determining if the feature dimension in the mask layout 
file is greater than the design rule in the technology file; 
and 

modifying the feature dimension until the feature dimen­
sion is approximately equal to the design rule. 

13. The photomask assembly of claim 17, wherein auto­
matically correcting the design rule violation in the mask 
layout file comprises adjusting the feature dimension until 
the feature dimension is approximately equal to or greater 
than the design rule. 
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14. The photomask assembly of claim 17, further com­
prising the patterned layer formed by: 

generating a clean mask layout file that does not include 
the design rule violation; and 

generating the mask pattern file from the clean mask 
layout file. 

15. An integrated circuit formed on a semiconductor 
wafer, comprising: 

a plurality of interconnect layers selected from the group 
consisting of n-well, p-well, diffusion, polysilicon and 
metal; and 

a plurality of contact layers operable to provide electrical 
connections between the interconnect layers; 

the interconnect and contact layers formed on a semicon­
ductor wafer using a plurality of photomasks created 
by: 

comparing a feature dimension in a mask layout file 
with a design rule in a technology file; 

identifying a design rule violation in the mask layout 
file if the feature dimension is less than the design 
rule; 

automatically correcting the design rule violation in the 
mask layout file; and 

generating a plurality of mask pattern files from the 
mask layout file, the mask pattern files correspond­
ing to the interconnect and contact layers. 

16. The integrated circuit of claim 15, further comprising 
the interconnect and contact layers formed by: 

determining if the feature dimension in the mask layout 
file is greater than the design rule in the technology file; 
and 
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modifying the feature dimension until the feature dimen­
sion is approximately equal to the design rule. 

17. The integrated circuit of claim 15, wherein automati­
cally correcting the design rule violation in the mask layout 
file comprises adjusting the feature dimension until the 
feature dimension is approximately equal to or greater than 
the design rule. 

18. The integrated circuit of claim 15, wherein the mask 
layout file comprises a parent cell that includes one or more 
subcells. 

19. The integrated circuit of claim 15, further comprising 
the interconnect and contact layers formed by: 

comparing the feature dimension in one subcell with the 
design rule in the technology file; 

identifying the design rule violation in the one subcell if 
the feature dimension is less than the design rule; and 

simultaneously correcting the design rule violation in 
each of the subcells. 

20. The integrated circuit of claim 15, further comprising 
the interconnect and contact layers formed by: 

generating an output file that includes the design rule 
violation; and 

reading the output file to determine coordinates of the 
design rule violation in the mask layout file. 

21. The integrated circuit of claim 15, further comprising 
the design rule selected from a group consisting of an n-well 
spacing, a p-well spacing, a diffusion spacing, a polysilicon 
spacing, a metal spacing and a contact spacing. 

22. The integrated circuit of claim 15, further comprising 
the design rule selected from a group consisting of an n-well 
dimension, a p-well dimension, a diffusion dimension, a 
polysilicon dimension, a metal dimension and a contact 
dimension. 

* * * * * 
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