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System and method for automatic elimination of design rule
violations during construction of a mask layout block

BACKGROUND OF INVENTION

TECHNICAL FIELD OF THE INVENTION

The present invention is generally related to the field of integrated
circuits, and more particularly to a system and method for automatic
elimination of process design rules violations during construction of a mask
layout block, maintaining the process design rules (DRC Clean), layout
connectivity (LVS Clean), Circuit Timing Constraints and DFM (Design For

Manufacturing) correctness, in the integrated circuit mask layout database.

BACKGROUND OF THE INVENTION

Over the past several years, the number of transistors in a
semiconductor device has increased dramatically. Due to this increase, the

time to design and manufacture semiconductor devices has also increased.

A typical semiconductor design process includes numerous steps. Initially, a
circuit designer prepares a schematic diagram that includes logical
connections between logic elements that together 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 converted into a mask

layout database that includes a series of polygons. The polygons may
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represent the logic elements and the logical connections contained in the
schematic diagram. The mask layout database is then converted into
multiple photomasks, also known as masks or reticles that may be used to

image different layers of the integrated circuit on to a semiconductor wafer.
Typically, the mask layout database is created manually by a layout
designer or automatically by a synthesis tool. In a 0.13 micron or below
manufacturing process, the layout designer or synthesis tool may have to
use thousands of design rules to create the mask layout database. The
large number of design rules adds complexity to the layout design process
because the layout designer may have to memorize or constantly look up
the design rules to place polygons in the mask layout database. Since the
process may be completely manual, the layout designer may create design
rule violations during the construction of the mask layout database. In
order to correct the design rule violations, spacing between polygons on the
same layer and dimensions of polygons are compared to the design rules
included in a technology file for a desired manufacturing process. This
comparison may identify design rule violations if the spacing 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.

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 manually corrects the violations by moving polygons
associated with the violations. During the correction process, the layout
designer may create new design rule violations and, therefore, the

correction process may be repeated until the mask layout database does
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not include any design rule violations. The process of iteratively correcting
the design rule violations may take several hours or even days to complete
and can increase the time needed to design the integrated circuit.

SUMMARY OF THE INVENTION

In accordance with the present invention, the disadvantages and problems
associated with automatic elimination of design rule violations during
construction of a mask layout block have been substantially reduced or
eliminated. In a particular embodiment, a method for eliminating design rule
violations during construction of a mask layout block includes automatically
preventing a polygon from being placed in a selected position in a mask
layout block if a design rule violation is identified.

In accordance with one embodiment of the present invention, an automated
method for eliminating design rule violations during construction of a mask
layout block includes analyzing a selected position for a polygon in a mask
layout block and obtaining one or more design rules associated with the
polygon from a technology file. The method provides an advice area
associated with the selected position for the polygon that graphically
represents a space, enclosure, width, notch or any other topological
condition in the mask layout block where the selected position complies with

the design rules.
In accordance with another embodiment of the present invention, an

automated method for eliminating design rule violations during construction
of a mask layout block includes analyzing a selected position of a polygon in
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a mask layout block and identifying a design rule violation in the mask
layout block if the selected position is less than a design rule from a
technology file. If the design rule violation is identified, the placement of the
polygon at the selected position is automatically prevented.

In accordance with a further embodiment of the present invention, a
computer system for eliminating design rule violations during construction of
a mask layout block includes a processing resource coupled to a computer
readable memory. Processing instructions are encoded in the computer
readable memory. When the processing instructions are executed by the
processing resource, the instructions analyze a selected position of a
polygon in a mask layout block and identify a design rule violation in the
mask layout block if the selected position is less than a design rule from a
technology file. If the design rule violation is identified, the instructions
prevent the polygon from being placed at the selected position in the mask
layout block.

Important technical advantages of certain embodiments of the present
invention include a Design-Rule-Aware Environment (DRA) tool that prevents
design rule violations from being created during the construction of a mask
layout block. A layout designer may move a cursor on a display device over
a polygon in order to select the polygon. The DRA tool highlights an area
that may represent a space, enclosure, width, notch or any other topological
condition in the layout block where polygons may be placed, created or
edited without violating any of the design rule constraints contained in a
technology file. For Example, if the layout designer attempts to move the
polygon outside of the highlighted area, the DRA tool prevents the layout
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designer from placjng the polygon in the desired position and automatically
places the polygon in a position located inside the highlighted area. The .
mask layout block, therefore, may be created free of design rule violations.
Another important technical advantage of certain embodiments of the:
present invention includes DRA tool that reduces the design time for an
integrated circuit. In a typical integrated circuit design process, a design rule
check (DRC) tool analyzes a mask layout file for design rule violations and
identifies any violations in an output file. A layout designer may use the
output file to manually eliminate the identified design rule violations. In
contrast, the present invention may eliminate design rule violations from a
mask layout block before the mask layout block is converted into a mask
layout file. The time needed to complete the design process for the
integrated circuit, therefore, may be substantially reduced since the steps of
checking the layout with a DRC tool and correcting the identified design rule
violations may be eliminated.

All, some, or none of these technical advantages may be present in various
embodiments of the present invention. Other technical advantages will be
readily apparent to one skilled in the art from the following figures,

descriptions, and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

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:

FIG. 1 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor. Distance D represents the existing distance
between the two (2) Metal 1 polygons.

FIG. 2 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor. Distance A is the minimum allowed between
two (2) Metal 1 polygons according to the IC process specifications, as
determine by the IC fabrication plant.

FIG. 3 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor. When a user clicks on the right side Metal 1
polygon the system automatically highlights an Advise A. (Green Polygon)
to show the minimum distance between Metal 1 polygons, as indicated' in
the process specifications in accordance with teachings of the present

invention;

FIG. 4 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor. In this layout view of the example integrated
circuit of FIG. 3, the right side Metal 1 polygon is moved by the user into
the Advise Area, which means that the polygon’s distance is in violation
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according to the process specifications. (Smaller than the minimum
distance allowed according the process specification)

FIG. 5 illustrates a layout view of the example integrated circuit of FIG. 4
after the right side polygon has been placed in the Advise Area formed in
accordance with teachings of the present invention; and has been pushed
back to the minimum distance A, that is allowed according to the process
specifications, creating Auto-Correct Mode.

FIG. 6 illustrates a flow chart for a method for eliminating design rule

violations during construction of a mask layout block in accordance with
teachings of the present invention.

SUBSTITUTE SHEET (RULE 26)



WO 2009/064269 PCT/US2007/023916

DETAILED DESCRIPTION OF THE INVENTION

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.

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 of the
integrated circuit may have one or more design rules that define how
polygons on each layer should be placed in a mask layout block for a
desired manufacturing process. The number of design rules for the desired
manufacturing process, therefore, increases with the number of layers

formed on the semiconductor wafer.

A design rule typically defines the minimum or maximum allowable
dimension for a feature fabricated on a specific layer of the integrated
circuit. For example, an integrated circuit may include, among other layers,
a polysilicon layer that forms transistor gates, a metal layer that forms
interconnects between the 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 the features in a mask layout file
that are formed on the specific layer. The metal layer may include design
rules for a minimum allowable spacing between two adjacent metal
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features, a minimum 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.

FIG. 1 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor. Distance D represents the existing distance
between the two (2) Metal 1 polygons. During the construction of an
integrated circuit (IC) mask layout database many types of polygons have
to be drawn. Each polygon type has to meet minimum distance from
related layer polygon, as specified in the process specifications. For
example, a polygon of layer type called Metal 2 has to meet a certain
distance from the same layer type. Another example is a polygon of the
layer type of Poly has to meet a certain distance to all same layer type

polygons, as specified in the process specifications.

FIG. 2 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor from FIG. 1. Distance A is the minimum
allowed between two (2) Metal 1 polygons according to the IC process
specifications, as determine by the IC fabrication plant.

FIG. 3 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor. When a user clicks on the right side Metal 1
polygon the system automatically highlights an Advise A. (Green Polygon)
to show the minimum distance between Metal 1 polygons, as indicated in
the process specifications in accordance with teachings of the present
invention. If the layout designer chooses to operate in Advise Mode, the
layout designer may select a polygon by clicking or moving a cursor over
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the desired polygon. The DRA tool uses the design rules to graphically
display a space, otherwise known as an Advise Area, within the mask

layout block where the layout designer may move, click and/or place a
polygon without creating a design rule violation. In another embodiment,
the DRA tool may display an Advise Area that represents position in the
mask layout block where the placement of a polygon would cause a design
rule violation.

The DRA tool may graphically represent the Advise Area in the mask layout
block by highlighting the space with an appropriate color and/or pattern.
The Advise Area may have a color and/or pattern that is similar to the color
and pattern used to represent the layer (e.qg., diffusion, polysilicon, metal,
etc.) of the polygon being moved or placed in the mask layout block. The
Advise Area may have a color and/or pattern that is different from the color
and pattern of the polygon in order to distinguish the Advise Area from the
polygon. |

The layout designer may also choose where the DRA tool displays the
Advise Areas. For example, the DRA tool may only display the Advise Area
for polygons immediately surrounding the polygon being move or placed.
The DRA tool may display Advise Areas for all polygons within a selected
distance from the polygon being placed or moved. In Advise mode, the DRA
tool may allow the layout designer to place a polygon in any position within
the mask layout block. The layout designer, therefore, may create a design
rule violation if the polygon is placed in a position that does not comply
with the Advise Area.
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FIG. 4 illustrates a mask design view of Metal 1 type polygon as shows in
commercial IC layout editor. In this layout view of the example integrated
circuit of FIG. 3, the right side Metal 1 polygon is moved by the user into
the Advise Area, which means that the polygon’s distance is in violation
according to the process specifications. (Smaller than the minimum
distance allowed according the process specification)

However, if the layout designer chooses to operate in Auto-Correct mode,
the DRA tool may prevent the layout designer from placing a polygon in a
position within the mask layout block that will cause a design rule violation.

FIG. 5 illustrates a layout view of the example integrated circuit of FIG. 4
after the right side polygon has been placed in the Advise Area formed in
accordance with teachings of the present invention; and has been pushed
back to the minimum distance A, that is allowed according to the process
specifications, creating Auto-Correct Mode.

If the layout designer attempts to place a polygon in a position that does
not comply with the Advise Areas, the DRA tool returns the polygon to its
original position or size in the mask layout block. The DRA tool moves the
polygon to the minimum design rule associated with the design layer for
the polygon. For example, if the selected polygon is a metal one
interconnect line, the DRA tool reads the design rule for minimum spacing
between metal one lines and minimum width of a metal one line and moves
the polygon from the position selected by the layout designer to the
position that is approximately equal to the design rules. The DRA tool
places the polygon at any position in the mask layout block that complies
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with the Advise Areas (e.g., the polygon is inside the Advise Area if the
Advise Area represents the space where a polygon may be placed without
creating a design rule violation or the polygon is outside the Advise Area if
the Advise Area represents the space where the placement of a polygon
would create a design rule violation. The DRA tool, therefore, prevents the
layout designer from accidentally creating a design rule violation in the
mask layout block. Furthermore, the DRA tool maintains connectivity of any
nodes affected by the moved polygon by adding and/or subtracting
polygons as necessary. Furthermore, the DRA tool maintain the circuit
connectivity (LVS) correctness and Timing constraints if exists.

In another example, the layout designer may select a position in the mask
layout block for the polygon or alter the dimensions of the polygon such
that the modification does not create a design rule violation. The DRA tool
may detect that the dimensions and/or spacing between adjacent polygons
are greater than the corresponding minimum design rules contained in the
technology file. The DRA tool may provide a highlighted area (Advise Area)
that represents an area of the mask layout block that may be compacted.
The layout designer may manually move any polygons associated with the
highlighted area to the corresponding minimum design rules indicated
within the mask layout block. In another example, the layout designer may
choose to allow the DRA tool to automatically move the associated
polygons to the minimum design rules.

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

SUBSTITUTE SHEET (RULE 26)



WO 2009/064269 PCT/US2007/023916
13

memory, and random access memory; as well as communications media
such wires, optical fibers, microwaves, radio waves, and other

electromagnetic or optical carriers.

In another example, during the construction of layout block, a layout
designer may decide to place polygons in different positions within a layout
block and/or move edges of the pdlygons to increase or decrease the
dimensions of the polygons. The placement of polygons in certain positions
in a layout block may create design rule violations. Since the layout
designer may have to memorize over a thousand different design rules, the
layout designer may not be able to identify all possible types of design rule
violations. The design rule violations, therefore, may be removed by using
a design rule check (DRC) tool that compares the dimensions of polygons
and the spaces between polygons with design rules included in a
technology file for a desired manufacturing process. In order to reduce the
time needed to eliminate design rule violations from a layout block, a DRA
~ tool integrated with a layout editor may use the design rules from the
technology file to provide Advise areas and prevent the layout designer
from placing polygons in positions that may create design rule violations.

In addition to preventing any design rule violations, the DRA tool also
maintains the connectivity of electrical connections represented by the
polygons in the mask layout file.

In addition to preventing any design rule violations, the DRA tool also

maintains the circuit timing constraints of electrical connections

represented by the polygons in the mask layout file.
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FIGS. 6 illustrate a flow chart of a method for eliminating design rule
violations during construction of a mask layout block. Generally, a Design-
Rule-Aware (DRA) tool, which is integrated into a commercially available
layout editor, operates in two modes: an Advise Mode and an Auto-Correct
mode. In the Advise Mode, the DRA tool provides an Advise Area when a
layout designer creates a new polygon or selects an existing polygon in the
mask layout block. The Advise Area provides a graphical representation of a
space in the mask layout block where a polygon may be placed. When the
DRA tool is operating in Auto-Correct Mode, the DRA tool may provide
Advise areas and prevent the layout designer from creating a design rule
violation. If the DRA tool determines that the selected position (e.qg.,
| position of the polygon in the mask layout block and/or the size of the
polygon based on the position of the edges) will create a design rule
violation, the DRA tool automatically returns the polygon to its original
position or places the polygon in a position that does not create a design
rule violation. The DRA tool also simultaneously maintains connectivity of
any electrical connections that are affected by the placement of the
polygon. The DRA tool also provides a compaction area in the mask layout
block if the selected position for the polygon creates a space between
polygons and/or a dimension of the polygon that is greater than the design
rules in the technology file.

A layout designer may attempt to place a polygon at a selected position in
layout block by creating a new polygon or selecting an existing polygon. If
the DRA tool is running in the Advise mode, the DRA tool provides Advise
areas associated with the polygon being placed in the layout block. The
Advise areas may graphically represent a space in the layout block where
the polygon may be placed without creating a design rule violation. The
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Advise areas may graphically represent a space in the layout block where
the polygon may not be placed because a design rule violation would be
created. The Advise areas may have any color and/or pattern that allow a
layout designer to identify the Advise areas in the layout block.

The DRA tool determines if the layout designer has selected the Auto-
Correct mode. If the DRA tool is operating in the Advise mode but not the
Auto-Correct mode, the DRA tool may provide the Advise areas but allow
the layout designer ignore the Advise areas and place a polygon at any
position in the layout bloc. If the DRA tool is operating in the Auto-Correct
mode, the DRA tool determines if the selected position for the polygon in
the layout block will create a design rule violation. If the selected position
for the polygon does not create a design rule, the DRA tool allows the
layout designer to place the polygon in the selected position in the layout.

However, if the selected position violates one or more design rules from the
technology file, the DRA tool determines a position in the layout block for
the polygon by using the design rules from the technology file. The DRA
tool selects a position in the layout block that is approximately equal to the
corresponding minimum design rules. The DRA tool selects a position in the
layout block that is greater than the corresponding minimum design rules.
The DRA tool returns the polygon to its original position in the layout block.
The DRA tool places the polygon in the position that will not create a design
rule violation. The DRA tool may place the polygon on a layer other than
the layer selected by the layout designer in order to avoid creating a design
rule violation. For example, the layout designer may want to place a
polygon on a specific layer. The DRA tool may analyze the selected position
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and determine that the polygon cannot be placed on the selected layer
without creating a design rule violation. The DRA tool may determine that

the polygon may be placed on another layer and provide Advise areas for
- the placement of the polygon on the new layer.

During placement of the polygons, the DRA tool may also maintain
connectivity for the electrical connections and compact the features (e.g.,
spaces between polygons and dimensions of polygons) in the layout block.
When the layout designer moves a polygon to a new position in the layout
block, the DRA tool determines if polygons should be added or removed in
order to maintain the correct connectivity for the node being modified. The
addition of new polygons and the increase in distance between certain
polygons may cause the size of the layout block to increase. The DRA tool
may also reduce the size of the layout block by compacting 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.

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.
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Claims

1. An automated method for eliminating design rule violations during
construction of a mask layout block, comprising: analyzing a selected
position for a polygon in the mask layout block; obtaining one or more
design rules associated with the polygon from a technology file; providing an
advice area associated with the selected position for the polygon, the advice
area operable to graphically represents a space, enclosure, width, notch or
any other topological condition in the mask layout block where the selected
position complies with the design rules: and automatically preventing a
layout designer from placing, creating or moving the polygon at the selected
position based on the advice area if the selected position creates a design
rule violation.

2. The method of claim 1, further comprising: identifying the design rule
violation if the selected position for the polygon is located inside of the

advice area.

3. The method of claim 1, further comprising: identifying the design rule
violation if the selected position for the polygon is located outside of the
advice area.

4. The method of claim 1, further comprising: determining if the selected
position for the polygon creates a feature dimension in the mask layout
block greater than at least one of the design rules; and modifying the
selected position until the feature dimension is approximately equal to the at
least one design rule.
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5. The method of claim 1, further comprising providing a compaction area
associated with the polygon, the compaction area operable to graphically
represent that the selected position creates a feature dimension greater than
at least one of the design rules.

6. The method of claim 1, further comprising the design rules 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.

7. The method of claim 1, further comprising the design rules selected from
a group consisting of an n-well width, a p-well width, a diffusion width, a
polysilicon width, a metal width and a contact width.

8. The method of claim 1, wherein the selected position for the polygon
comprises a location for the polygon in the mask layout block.

9. The method of claim 1, wherein the selected position for the polygon
comprises a location for edges of the polygon in the mask layout block.

10. The method of claim 1, wherein the mask layout block is hierarchical.

11. An automated method for eliminating design rule violations during
construction of a mask layout block, comprising: analyzing a selected
position of a polygon in the mask layout block; providing an advice area
associated with the polygon; determining if the selected position produces a
design rule violation in the mask layout block based on a design rule from a
technology file; and automatically preventing a layout designer from placing
the polygon in the mask layout block at the selected position based on the
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advice area if the design rule violation exists.

-12. The method of claim 11, further comprising automatically placing the
polygon in an original position in the mask layout block if the design rule
violation exists.

13. The method of claim 11, further comprising automatically adjusting the

selected position until the design rule violation is eliminated.

14. The method of claim 11, further comprising: identifying the design rule
violation if the selected position for the polygon is located inside of the

advice area.

15. The method of claim 11, further comprising: identifying the design rule
violation if the selected position for the polygon is located outside of the
advice area.

16. The method of claim 11, further comprising: the mask layout block
including at least one top-level cell and one or more instances of a subcell
located in the top-level cell; and determining if the selected position
produces a design rule violation in one or more instances of a subcell in the
mask layout block, the subcell located in a top-level cell; and simultaneously
preventing the layout designer from placing the polygon in mask layout
block at the selected position based on the advice area in each instance of
the subcell if the design rule violation exists.
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17. The method of claim 11, further comprising generating a mask layout file
from the mask layout block that does not include the design rule violation.

18. A computer system for eliminating design rule violations during
construction of a mask layout block, comprising: a processing resource; a
computer readable memory; and processing instructions encoded in the
computer readable memory, the processing instructions, when executed by
the processing resource, operable to perform operations comprising:
analyzing a selected position of a polygon in the mask layout block;
providing an advice area associated with the polygon; determining if the
selected position produces a design rule violation in the mask layout block
based on a design rule from a technology file; and automatically preventing
a layout designer from placing the polygon in the mask layout block at the
selected position based on the advice area if the design rule violation exists.

19. The system of claim 18, further comprising the instructions operable to
perform operations including automatically placing the polygon in an original
position in the mask layout block if the design rule violation exists.

20. The system of claim 18, further comprising the instructions operable to
perform operations including automatically adjusting the selected position
until the design rule violation is eliminated.

21. The system of claim 18, further comprising the instructions operable to

perform operations including: identifying the design rule violation if the
selected position for the polygon is located inside of the advice area.
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22. The system of claim 18, further comprising the instructions operable to
perform operations including: identifying the design rule violation if the
selected position for the polygon is located outside of the advice area.

23. The system of claim 18, further comprising the instructions operable to
p_erform operations including: determining if the selected position for the
polygon creates a feature dimension in the mask layout block greater than
the design rule; and modifying the selected position until the feature

dimension is approximately equal to the design rule.

24. Software for eliminating design rule violations during construction of a
mask layout block, the software being embodied in computer-readable
media and when executed operable to: analyze a selected position of a
polygon in the mask layout block; providing an advise area associated with
the polygon; and determining if the selected position produces a design rule
violation in the mask layout block based on a design rule from a technology
file; and automatically prevent a layout designer from placing the polygon in
the mask layout block at the selected position based on the advice area if

the design rule violation exists.
25. The software of claim 24, further operable to automatically place the
polygon in an original position in the mask layout block if the design rule

violation exists.

26. The software of claim 24, further operable to automatically adjust the
selected position until the design rule violation is eliminated.
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27. The software of claim 24, further operable to: identify the design rule
violation if the selected position for the polygon is located inside of the

advice area.

28. The software of claim 24, further operable to: identify the design rule
violation if the selected position for the polygon is located outside of the
advice area.

29. The software of claim 24, further operable to provide a compaction area
associated with the polygon, the compaction area operable to graphically
represent that the selected position creates a feature dimension greater than

the design rule.
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