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facilitating etficient modification of the IC layout design.
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DRC PROCESSING TOOL FOR EARLY STAGE IC LAYOUT DESIGNS

John R. Studders

RELATED APPLICATIONS

[0001] This application claims priority from U.S. patent
application 15/795,633 entitled “DRC PROCESSING TOOL FOR EARLY
STAGE IC LAYOUT DESIGNS”, filed October 27, 2017, which claims
priority to U.S. Provisional patent application 62/415,404,
entitled “DRC PROCESSING TOOL FOR EARLY STAGE IC LAYOUT DESIGNS”,
filed on October 31, 2016, and is incorporated by reference

herein.

BACKGROUND OF THE DISCLOSURE

[0002] This disclosure generally relates to design rule
checking (DRC) software tools and the methods performed by such
tools, and more particularly to DRC tools and methods that are
optimized to facilitate efficient DRC processing on early-stage

“dirty” IC layout designs.

RELATED ART

[0003] The development and physical production of an
integrated circuit (IC) device is a long, complicated process
that typically involves a wide range of design tools and
fabrication systems. In designing an integrated circuit (IC)
device, engineers typically rely upon computer simulation tools
to help create a circuit schematic design consisting of
individual devices coupled together to perform a certain
function. To actually fabricate this circuit in a semiconductor
substrate, the circuit is translated into a series of layout

patterns using special computer aided design (CAD) tools, where
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each layout pattern (layer) is a two-dimensional pattern of
shapes generally corresponding to physical features disposed in
one vertical layer of the physical circuit. Mask generation
tools then covert the layout patterns into a series of
corresponding masks (aka, reticles; clear substrates on which the
layout patterns is replicated in the form of light-blocking
material). The masks are the utilized in a semiconductor
fabrication system (fab) that is controlled by a selected
photolithographic manufacturing process (flow) to form
corresponding structures on and over a semiconductor wafer such
that multiple copies of the IC device are fabricated on the
wafer. The processed wafer is then diced into IC die (chips),
each including one IC device, and then the chips are packaged to

form finished IC devices.

[0004] Fig. 1 shows a system environment for performing Design
Rule Checking (DRC) processing, which generally includes a design
layout database 52, a user interface 54, a DRC tool 56, a DRC
rule deck 58, and the DRC results 59. The DRC tool 56 reads in an
IC layout design from the design layout database 52 and DRC rules
assocliated with a selected fabrication process from the DRC rule
deck 58, checks the IC layout design for all violations of the
DRC rules, and produces the DRC results 59 that are then

displayed on the user interface 54.

[0005] DRC is traditionally one of the final steps performed
during the active design phase of IC device production (i.e.,
before tape-out and mask generation). The purpose of signoff-
phase DRC 1s to ensure that the IC can be manufactured by the
factory (fab) that has been chosen to build it. The step of
committing to manufacturing can very expensive to an IC device
designer/seller that pays a fab to produce an IC device based on
the designer/seller’s IC design; it can cost tens of millions of

dollars to commit to build an IC device, and this money is
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typically lost by the designer/seller when a fabricated device
fails to function as intended due to errors in the design layout.
DRC processing helps ensure that the IC design can be built by
the target fab before IC tooling costs are incurred. The
assurance provided by DRC processing is worth more than Jjust the
cost of IC tooling - layout errors discovered during
manufacturing can lead to manufacturing delays, which in turn can
cause the IC designer/seller to miss important market windows.

It is therefore very important that each final IC layout design
achieves DRC “signoff” (i.e., verification that all cells of all
layers of the final IC layout design meet all established design
rules set by the target fab) in order to avoid losing money and

time to market.

[0006] More recently, DRC processing is increasingly being
implemented multiple times during an IC’s active design phase in
order to achieve a final IC layout design in the shortest
possible time. Early-stage IC layout designs typically include
missing and/or incomplete components or sub-blocks, and are
therefore often referred to as “dirty” layout designs. The
missing/incomplete layout design portions of dirty IC designs
occur because complex IC typically comprise multiple
interconnected circuit blocks that are generated by different
sources (e.g., different blocks may be developed by different
design teams in the designer/seller company, and some blocks may
be purchased from external licensed sources). Running DRC early
and often during the active design phase facilitates identifying
design rule violations generated by components, sub-blocks or
blocks (collectively referred to below as “blocks” for brevity)
that are added to the developing IC design, thereby allowing the
designer/seller to implement the necessary layout corrections on
these established circuits while awaiting the completion of

missing polygons. This early DRC processing also provides
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assurance that the evolving IC design is converging on DRC
signoff (i.e., helps to identify fundamental layout errors that
require significant rearrangement of the component blocks) in
order to avoid surprises at the anticipated end of the design
process. The DRC run done at the end of the design process --
which is typically called the final signoff -- is usually
straightforward because the design has been through DRC runs many

times, and is free of major manufacturing violations.

[0007] A problem with implementing conventional DRC tools
early in the IC design process is that “signoff” DRC tools (e.qg.,
IC Validator produced by the assignee of the present application)
have been developed to check every block very precisely, to
search for and report every error in the early stage design. If
designs are “dirty” then the signoff DRC tool can run for a very
long time and produce gigabytes of data due to unavoidable
violations caused by the missing blocks and incomplete
connections. That is, performing DRC processing on early-stage
“dirty” IC layout designs typically generate an overwhelming
number of rule violations, and significantly lengthens the time
required for DRC processing to reach completion. The number of
design rules checked during DRC processing for advanced
semiconductor manufacturing processes can exceed 10,000, and the
number of polygons or other shapes in an advanced IC layout
design can exceed 100 billion, whereby it is easy to understand
that the total processing runtime needed to perform conventional
DRC processing on the layout design of an advanced IC device is
typically significant (i.e., multiple days). Moreover, a dirty
IC layout design for can yield hundreds of millions of rule
violations, and the runtime of a DRC tool is increased by each
rule violation, meaning that DRC runtimes can be very long when
applied to the dirty IC layout design of an advanced IC device.

This long runtime also requires valuable computer resources that

4
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could otherwise be used to advance the IC design, thereby
delaying time to market. Moreover, an error report generated by
conventional DRC tools for dirty advance IC layout designs can
include hundreds of millions of DRC rule violations, which can be
overwhelming to the human(s) trying to read and interpret the
error report and correct (fix) the layout design features causing

the numerous rule violations.

[0008] Conventional DRC tools provide user-controlled
mechanisms that may be selectively utilized to limit DRC runtime
and/or error report when DRC processing is applied to dirty IC
layout designs. Some conventional DRC tools allow a user to
limit DRC processing to a subset of DRC rules that are manually
selected by the user from the DRC rule deck, or to a manually
selected subset of the total layers making up the dirty IC layout
design. Some conventional DRC tools also allow a user to select
certain regions or features in each dirty IC layout layer that
are ignored during DRC processing. However, these conventional
DRC tool approaches require that users know in advance which
rules, layers or regions/features should be ignored during
subsequent DRC processing of their dirty IC layout design, which

is impractical in many cases.

[0009] What is needed is an early-stage DRC tool capable of
analyzing early-stage (dirty) IC layout designs and providing
useful error information in a substantially shorter amount of
time than conventional signoff DRC tools. What is particularly
needed is such an early-stage DRC tool that operates without
requiring users to manually identify layers or regions/features
of their dirty IC layout design, and without requiring the users
to manually identify rules of the DRC rule deck to omit during
DRC processing. What is also needed 1s an early-stage DRC tool
that automatically presents a manageable amount of error

information for a dirty IC layout design in a predetermined

5
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reasonable amount of time, and presents the error information in
a manner that is easily comprehended by human users in order to

minimize production cycles.

SUMMARY

[0010] The present invention is directed to improved design
rule checking (DRC) tools and associated methodologies that
enhance DRC processing of early-stage (dirty) IC layout designs
by way of utilizing one or more novel processing tTechniqgues
(features) including automatically recognizing and
eliminating/marking problematic cell placements and
automatically arranging the order of rule check operations prior
to DRC processing, limiting DRC processing to a predetermined
time limit or predetermined number of errors, and generating
error reports in both textual and intuitive graphics-based
formats. Automatically recognizing problematic cells involves
identifying cells that have suspect placement (e.g., overlapping
cells) during pre-DRC hierarchy processing. The problematic
cells are then either eliminated from the design layout workspace
or marked for DRC processing only after DRC processing of all
non-problematic cells is completed within preset time/error
budget constraints, thereby focusing DRC processing on selected
regions (i.e., cells) of a dirty IC layout design that are most
likely to provide useful error information (i.e., maximizing the
number of rules checks performed) within a minimal DRC processing
runtime. Automatically ordering the number of rule checks
performed during DRC processing involves sequentially performing
rule checks based on predetermined criteria in order to provide
maximum useful DRC error results in a minimum amount of time.

For example, automatic ordering may involve arranging the rule
checks based on anticipated rule execution time, where rules that

execute relatively quickly are ranked higher than those that
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require longer execution times), whereby a maximum number of
error checks are performed within a predetermined time period.
Limiting the DRC processing session to a predetermined amount of
time or number of detected errors facilitates providing a user
with a manageable amount of error data within a predictable
amount of time, which in turn facilitates faster DRC signoff.
Finally, automatically providing error data in both textual and
graphical forms (e.g., using a contrasting dots “heat map” to
depict the X-Y locations of rule violations) provides the
intuitive presentation of relevant problem areas of a dirty IC
layout design that are easily identified for correction by a
human user, and non-relevant areas (e.g., missing block regions)
can be efficiently identified and ignored, thereby facilitating
the generation of a modified layout design that can be used to
fabricate a desired IC device. Implementing one or more of these
novel processing techniques in the improved DRC tools of the
present invention facilitates efficient correction of layout
errors appearing in each early-stage “dirty” IC layout design
iteration as the IC layout design progresses toward signoff by
way of eliminating previously verified “known-good” cells and/or
unchanged layers from incremental DRC processing, thereby
significantly reducing overall DRC processing time and, as a
result, overall manufacturing costs of IC devices that are
subsequently fabricated using masks (reticles) produced in

accordance with the finished IC layout design.

[0011] According to an embodiment of the invention, an
improved DRC tool efficiently produces useful DRC error results
by way of automatically setting the rule runset order utilized
during DRC rule check processing (rule checking operations) in a
way that optimizes or maximizes the number of rule checks that
are performed in a fixed amount of time, and terminates the DRC

process after either a predetermined time limit is reached or a
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predetermined number of rule violations are detected. 1In one
embodiment, automatically setting the order of DRC rule execution
involves assigning a rank value to each rule provided in a DRC
rule deck based on an anticipated rule execution time duration of
each rule (e.g., based on a number of procedures performed by
each rule), then performs DRC processing by sequentially rule
checking each cell in the design layout workspace based on the
established rule runset order (e.g., with rule check processing
performed using rules having the shortest execution time
durations before rule check processing is performed using rules
having longer execution time duration). In addition to
automatically selecting the DRC rule execution order, the
duration of the rule check process is limited by either (a) a
predetermined maximum processing time period, or (b) a
predetermined maximum number of rule violations. A benefit of
limiting rule check time is that this approach optimizes the
generation of useful error data in a predictable reasonable
amount of time (e.g., three hours) by way of first performing the
largest possible number of short-duration (“inexpensive”) or
more-relevant rule checks, and performing “expensive” or less
relevant rule checks later in the DRC processing only if the
predetermined time limit has not been reached. A benefit of
limiting rule checking to a limited number of rule violations is
that this approach avoids the generation of overwhelming amounts
of error data, thereby allowing a user/operator to more
efficiently apply corrections that facilitate signoff in a
shorter amount of time. By combining rule runset ordering and
time/error limiting, the present invention provides a DRC tool
that greatly enhances efficient analysis and correction of early-

stage IC layout designs.

[0012] According to another embodiment of the invention, the

improved DRC tool automatically detects systematic or fundamental
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layout errors by way of recognizing when a particular DRC rule
generates an unusually high rate of rule violations during first-
pass rule check processing, and suspends (i.e., postpones or
omits) further rule checks using the high-violation-rate-causing
rule (i.e., bypasses subsequent cells in the design layout
workspace), at least until first-pass DRC processing is completed
for all other rules in the rule deck. Systematic or fundamental
layout errors typically extend across multiple adjacent cells,
resulting in a high rate of violations (rule check errors) to
occur when the cells are checked using particular rules that are
violated by the systematic/fundamental error. In this
embodiment, the DRC tool automatically detects such
systematic/fundamental errors by way of detecting unusually high
rule violation (error) rate values during a rule check operation
involving a particular DRC rule, and suspends further rule
checking using the particular high-vicolation-rate-causing DRC
rule in order to provide additional time DRC processing budget
for checking other rules. That 1is, in this case the DRC tool
terminates further rule check operations using each DRC rule that
generates an unusually high error rate, but continues rule check
operations using other non-checked rules (e.g., the next rule in
the runset order). In one embodiment, the DRC tool identifies a
particular layout region (e.g., a block of adjacent or otherwise
related cells) that may be associated with a detected
systematic/fundamental error due to combined high error rates,
reclassifies/designates all cells in the identified region as
problematic cells, and then, based on this reclassification,
omits these problematic cells from all subsequent first-pass rule
check operations. Accordingly, suspending rule check operations
for each high-violation-rate rule and/or in each problematic
region facilitates generating a larger amount of useful error

data within a fixed amount of time by providing more time for
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rule check processing using DRC rules applied to regions that are
not affected by the systematic/fundamental layout error. In one
embodiment, a modified error report is generated that identifies
all detected systematic/fundamental errors by way of identifying
each suspended/terminated DRC rule and/or each layout region in
which one or more DRC rules were suspended or terminated, thereby
facilitating the entry of corresponding corrections of the
associated systematic/fundamental errors at the earliest possible
time during IC development, which frees valuable computer
resources by preventing unnecessary or wasteful DRC processing

time delays.

[0013] According to another embodiment of the invention, the
DRC tool identifies one or more problematic cells in the design
layout workspace during a hierarchy processing portion of the DRC
process (i.e., before starting the rule checking process). 1In
one embodiment, each problematic cell is identified by way of
detecting cell sizes and/or cell location parameters that violate
one or more cell placement rules (e.g., two overlapping cells
that occupy the same X-Y coordinate are designated as problematic
cells). All problematic cells identified during this
identification process are removed/suspended from (i.e., ignored
during) first-pass rule check processing, which is performed on
at least some of the non-problematic cells remaining in the
design layout workspace. The suspension of problematic cells
from first-pass rule check processing maximizes the generation of
useful DRC error data in a minimal amount of processing time by
intentionally failing to perform first-pass rule checking on
these “known-bad” problematic cells, whereby any time budget
saved by ignoring the problematic cells is used to perform a
larger number of rule checks on the remaining cells during first-
pass rule checking operations, thereby facilitating the

generation of more complete error data within the fixed time

10
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period. In one embodiment, if first-pass rule check processing
is completed (i.e., all unmarked cells in the design layout
workspace are checked using all rules in the DRC rule deck)
without exceeding a maximum DRC time or error processing
threshold (limit), then the problematic cells are un-suspended
(added back into the design layout workspace), and second-pass
rule check processing is performed on at least some of the
problematic cells (i.e., at least until a maximum DRC time or
error processing limit is reached). When DRC processing is
completed, the error report includes a new type of DRC error data
that identifies the erroneous placement of the problematic cells,
thereby allowing a user/operator to apply an appropriate
corrective action to eliminate the associated placement rule

violation.

[0014] In accordance with another embodiment of the present
invention, the DRC tool generates a design layout workspace and
performs rule check operations using at least some of the
improved technigques described above, and is further modified to
generate DRC error reports (i.e., upon termination of the rule
check processes) in which rule violations are presented using
graphic error data, where each designated cell that violates one
or more rule is depicted by a corresponding dot that is
relatively positioned at an X-Y location corresponding to the
relative X-Y location of its corresponding designated cell in the
associated IC layout design layer. Particularly when combined
with textual error information, DRC error reports including the
graphic error information facilitates rapid comprehension of
problematic IC layout layers and regions, which allows a human
user to more easily interpret the DRC error results and fix the
DRC errors, thereby facilitating the production of the desired IC

product using a minimum amount of layout development time.
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[0015] According to another embodiment of the present
invention, the DRC tool is utilized in accordance with an
incremental IC layout design re-verification method that
facilitates efficient incremental re-verification of an IC layout
design as the IC layout design progresses from its earliest
stages to signoff. That is, the present invention facilitates
minimal DRC run-time as new blocks are incrementally added to the

IC layout design during development.

[0016] In accordance with another embodiment of the present
invention, various methods are utilized to generate balanced
and/or useful error data during each DRC processing session, even
when the session is terminated prior to completion of all
scheduled rule check processing (e.g., due to the occurrence of a
large number of rule violations that exceeds the preset error
limit) . In one specific embodiment, each cell that violates at
least one rule during the rule checking process 1is designated as
problematic and at least temporarily removed from the design
layout workspace (i.e., ignored during subsequent rule checking),
whereby a balanced error report is generated in which each cell
that violates at least one DRC rule is identified. In another
optional embodiment, a layer-specific runset is modified to
include new rules relating to the problematic cells mentioned
above, where the new rules are used, for example, to pre-
emptively designate unmarked cells located adjacent to the
problematic cells as problematic when a large number of errors
are detected in similarly positioned unmarked cells, thereby
facilitating the generation of potentially more wvaluable error
data by allowing the DRC process to focus on other unmarked
cells. In yet another optional embodiment, other criteria are
used to generate the rule runset order, such as the presence of
known time-consuming (‘expensive’) operations, or based on

predetermined relevance to a given layer of the IC design.

12
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According to alternative embodiments, the present invention is
implemented as a method, non-transitory, computer-readable
medium, and system that provide the various features and benefits
set forth above. 1In accordance with another embodiment of the
present invention, when implementing each of the processing
techniques set forth above, the improved DRC tool and associated
method/medium/system greatly reduces DRC tool runtime by ten and
twenty times (10-20X), reduces computer resource needs (disk,
memory, number of CPUs), and produces easier to comprehend error
reporting (text and graphical) that allows a human user to more
easily interpret the DRC error results and fix the DRC errors,

thereby facilitating the production of the desired IC product.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0017] To easily identify the discussion of any particular
element or act, the most significant digit or digits in a
reference number refer to the figure number in which that element

is first introduced.

[0018] Fig. 1 illustrates a simplified conventional DRC system

environment;

[0019] Fig. 2 is a flow diagram illustrating an integrated
circuit fabrication process utilizing the improved DRC
tool/method/system of the present invention;

[0020] Fig. 3 is a flow diagram illustrating the improved DRC
tool/method/system of the present invention according to an
exemplary embodiment of the present invention;

[0021] Figs. 4(A), 4(B), 4(C) and 4(D) are simplified diagrams
depicting pre-rule-check processing of an IC design layer
utilized in the processing method of Fig. 3 according to an

exemplary simplified embodiment;

13
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[0022] Figs. 5(A), 5(B) and 5(C) are simplified diagrams
depicting DRC rule ordering utilized in the processing method of

Fig. 3 according to the exemplary simplified embodiment;

[0023] Fig. 6 is a table including rules and associated rule
runset cost values according to an exemplary embodiment of the
present invention;

[0024] Figs. 7(A), 7(B), 7(C), 7(D), 7(E), T(F), T7(G), T(H),
7(I), 7(J) and 7(K) are simplified diagrams depicting an
exemplary operation of the processing method of Fig. 3 using the
cell details of Fig. 4(D) and the ordered DRC rules of Fig. 3(C);
[0025] Fig. 7(L) is a diagram depicting exemplary graphic
error data associated with a simplified thermal map-type error
report generated in accordance with the operations performed in

accordance with Figs. 7(A) to 7 (K);

[0026] Figs. 8(A) and 8(B) illustrate thermal map
presentations of DRC error results using a sampling method

according to another embodiment of the present invention;

[0027] Fig. 9 is a list showing exemplary command set
dependencies according to a simplified alternative embodiment of
the present invention;

[0028] Fig. 10 illustrates an embodiment of incremental re-
verification according to another embodiment of the present
invention;

[0029] Fig. 11 shows a simplified representation of an
exemplary digital ASIC design flow including the DRC processing
method of the present invention; and

[0030] Fig. 12 is a flow diagram illustrating a partial DRC
tool/method/system according to an alternative exemplary

embodiment of the present invention.

DETATLED DESCRIPTION

14
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[0031] The present invention is directed to an improved DRC
tool that is optimized for efficient DRC processing of early-
stage (dirty) IC layout designs. The following description is
presented to enable one of ordinary skill in the art to make and
use the invention as provided in the context of a particular
application and its requirements. In one embodiment the improved
DRC tool is generated by way of modifying a conventional signoff-
type DRC tool to include one or more of the novel processing
techniques to dramatically speed up early-stage DRC processing,
such as: automatically terminating the processing of DRC rules
that generate large numbers of errors and consume large amounts
of machine resources; automatically excluding bad cell placements
so they are not checked; automatically determining and running
basic DRC rules first and, based on intermediate results,
deciding to complete the rest of the DRC rules on all layers,
complete the remaining rules on a subset of layers, or complete a
subset of rules on all or a subset of layers; and/or generating
error reports with a manageable amount of error information so as
to avoid overwhelming a user who 1is trying to interpret the DRC
results in order to fix the design. The advantages are improved
DRC tool runtime (i.e., ten to twenty times faster), reduced
computer resources (e.g., disk, memory, and number of CPUs)
needed to perform DRC processing, easier to comprehend error
reporting (text and graphical) for a human to interpret the DRC

results and fix the DRC errors.

[0032] Fig. 2 is a simplified flow diagram indicating a
greatly simplified IC design and fabrication process 200
utilizing an improved DRC tool 100 according to the present
invention. Referring to the top of Fig. 2, DRC tool 100 is
executed on a suitable computing system 101 (shown in simplified
block form for sake of brevity), and receives as input foundry-

provided fundamental design rules 80 from a DRC rule deck 85 and
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a user’s IC layout pattern 90 (i.e., the layout pattern to be
analyzed), which is typically stored in a design layout database
95, where DRC rule deck 85 and design layout database 95 are
stored in computer memory using known technigques. 1In one
embodiment, IC layout pattern 90 is an early-stage (i.e.,
incomplete or “dirty”) layout pattern, and DRC tool 100 functions
as described below to efficiently identify layout errors present
in the partially completed layout design. That is, according to
an advantage of the present invention, DRC tool 100 functions to
efficiently identify and store layout errors (rule violations) in
early-stage IC layout design 90 using at least some of the DRC
rules provided in DRC rule deck 85, and to provide a manageable
amount of error information in the form of an error report 105
that is configured to allow an user (i.e., layout design
specialist) to guickly identify and correct layout errors in the
early-phase IC layout design. At the end of each DRC processing
session (i.e., at the output of block 100), if the DRC results
indicate remaining errors (YES in block 230), the user is
provided with error report 105, which in one embodiment is stored
in a DRC error database 97 in a manner suitable for display on a
user interface 145, whereby the user is provided an opportunity
to enter corrections that address the DRC rule violations (block
240) and/or to add additional features to the existing early-
stage IC layout design. The revised/enhanced early-stage IC
layout design may then be resubmitted for reprocessing by DRC
tool 100. Another advantage of the present invention is that DRC
tool 100 retains information process is typically repeated many
times until a modified/finalized IC layout design is submitted
and no errors are reported by DRC tool 100 (NO in block 230),
whereby the modified IC layout design is then utilized in block
280 to produce physical masks 185, and then masks 285 are

utilized in a semiconductor fabrication process (block 290) to
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fabricate an integrated circuit 295 including structures defined
by the modified layout pattern. That is, although the primary
advantage of DRC tool 100 is applicable to performing DRC
processing on early-stage layout patterns, DRC tool 100 is also
capable of performing sign-off DRC processing using the

methodology described below.

[0033] Fig. 3 is a flow diagram depicting the DRC processing
method implemented by DRC tool 100 of Fig. 2 according to an
exemplary embodiment of the present invention. The process
portions performed in accordance with specific blocks forming the
flow diagram of Fig. 3 are described in accordance with an
exemplary simplified diagram that is presented below with
reference to Figs. 4(A) to 7(L). As set forth below, the flow
diagram shown in Fig. 3 incorporates multiple novel processing
techniques of the present invention, each novel processing being
generated by a corresponding block or group of associated blocks
forming the flow diagram of Fig. 3. Accordingly, the spirit and
scope of the present invention may be achieved by implementing
portions of the flow diagram shown in Fig. 3, and it is
understood that each appended claims is limited only by that
claim’s associated recited portion of the novel DRC processing

method.

[0034] Referring to the top of Fig. 3, the DRC tool 100
prepares for DRC processing by writing an early-stage IC layout
design 90 (e.g., from design layout database 95) into a design
layout workspace (block 305) and by receiving DRC rules 80, e.g.,
from a rule deck (block 310). 1In one embodiment the processes
described below with reference to blocks 302, 305, 307 are
performed before the process described below with reference to
block 310, but the order of execution may be reversed or the

processes performed simultaneocusly.
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[0035] Referring to the upper left portion of Fig. 3, the
processes associated with blocks 302 to 307 involve the
generation and subsequent modification of a design layout
workspace including cells that collectively define at least a
portion of early-stage IC layout design 90. Referring briefly to
Fig. 2, IC layout design 90 typically includes multiple layers,
where each layer typically includes multiple layout features
(cells) that may be arranged in blocks (i.e., groups of cells
related, e.g., by way of being part of a single component or
circuit), where each cell is typically described by data
indicating its size/shape and its designated X,Y location in an
associated layer. Figs. 4(A) to 4(C) depict the generation and
processing of a design layout workspace 110 including cells CO1
to C18 of a hypothetical simplified layer 90-1 of IC layout
design 90, where Fig. 4(A) is a graphic representation of an
initial design layout workspace including all cell information
assocliated with layer 90-1 of early-stage IC layout design 90 at
a time T10. Note that several simplifications are adopted for
the sake of brevity and clarity. First, layer 90-1 is depicted
as including eighteen cells C0l1 to C18 disposed in three rows,
where each cell is depicted by an associated sgquare box that is
intended to represent the cell’s X-Y location and cell-area
boundary relative to all other cells in layer 90-1. Those
skilled in the art will understand that a typical layer may
include a substantially larger number of cells/blocks, and the
depiction of eighteen cells is merely a simplification adopted
for clarity. In addition, each cell CO01 to C18 is understood to
include an associated layout detail, or is otherwise designated
(e.g., as a dummy cell) in the manner set forth below. Moreover,
the novel DRC processing method is described below only with
reference to layer 90-1 (i.e., details regarding the processing

of the other layers IC layout design 90, e.g., as shown in Fig.
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2, are omitted below), and it is understood that the methodology
described with reference to the cells of layer 90-1 are utilized
to process all of the cells in all layers of IC layout design 90.
In one embodiment design layout workspace 110 is configured such
that each layer of IC design 90 can be processed separately by
DRC tool 90 using the methodology described below.

[0036] Referring to block 302 (Fig. 3) and Fig. 4(A),
generating design layout workspace 110 involves reading in
(transferring) cells C0l1 to Cl8 into designated memory space of
computing system 101 at a time T10, where cells C0l1 to C18
collectively define layer 90-1 at a time T10. As indicated in
Fig. 4(A), the generation (and subsequent processing) of
workspace 110 is performed on computing system 101 using known
techniques, and as mentioned above the graphic depiction of cells
COl1 to C18 1is utilized solely for purposes of simplifying the
description of the processing techniques performed by DRC tool

100.

[0037] Referring to block 305 (Fig. 3) and to Fig. 4 (B),
certain pre-designated cells (e.g., cells having flags set to
indicate them as known-good or dummy cells) are identified and
deleted from workspace 110 at a time T1ll (i.e., subsegquent to
time T10). In the example shown in Fig. 4(B), arrows 310Al1 and
310A2 indicate the deletion from workspace 110 of dummy cells CO1
and C18, which are shown in Fig. 4(A), and arrow 310A3 indicates
the deletion of known-good cell C06 (also shown in Fig. 4 (A))
from workspace 110. Accordingly, design layout workspace
110(T11) includes a second plurality of cells (i.e., C02 to CO5
and C07 to C17) that comprise a subset of the original (first)
plurality of cells (i.e., CO01l to C18) transferred into workspace
110 at time T10. Those skilled in the art understand that the
phrase “dummy cells” refers to blank “placeholder” cell

descriptions that occupy designated X-Y locations on a given
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layer for purposes of reserving the space for subsequent
occupation by one or more actual cells of the IC layout design.
Known-good cells are cells that have already been processed by
DRC tool 100 (e.g., in a previous processing iteration) or are
otherwise known not to violate any relevant DRC rule. Removing
dummy and known—-good cells from workspace 110 reduces DRC
processing time by preventing rule checks on these pre-designated

cells.

[0038] The identification and deletion of pre-designated cells
during the processing associated with block 305 may be
implemented using various alternative methods. 1In one
embodiment, known-good and/or dummy cells are identified by way
of time-stamps or other flag/indicator assigned to selected cells
that identifies the cells as candidates for omission from
subsequent DRC processing in the current DRC processing session.
In a specific embodiment, selected cells of IC layout design 90
are assigned time-stamps indicating the last time the cell was
checked by DRC tool 100, and the outcome of that DRC check. That
is, each cell present in a first version of an IC layout design
that was checked by DRC tool 100 during an initial DRC processing
session is assigned time-stamp values indicating (a) the date or
revision number of the initial DRC processing session, and (b)
whether the cell passed all DRC checks during the initial DRC
processing (i.e., known-good), or failed one or more rule checks
(bad). The time stamps remain unchanged in all subsequent
revisions until the cell is subjected to change (e.g., correction
of a detected rule vioclation in block 240 of Fig. 2). 1In one
embodiment, all cells having time stamps that indicate previous
DRC processing and either “known-good” or “bad-no-change” are
identified and deleted from workspace 110.

[0039] Block 307 (Fig. 3) and Fig. 4(C) depict a novel DRC

processing technique involving identifying problematic cells
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(e.g., cells having problematic instance placements) that are
present in layout workspace 110, and flagging (e.g., marking or
otherwise designating) the identified problematic cells such that
they are omitted (suspended) from first-pass rule check
processing, and are identified in the DRC error report using a
special DRC error designation (e.g., a “bad placement” error).

In the example shown in Fig. 4(C), the suspension of problematic
cells C10, Cl1l1, C13 and Cl4 is indicated by way of dashed-line
boxes and the designations “PC10/11” and “PC1l3/14”, which
indicates that, while DRC processing of these cells is suspended,
information related to these cells is retained for possible DRC
processing after DRC processing is completed on all non-
problematic cells (e.g., as discussed below with reference to
block 370). That is, in contrast to the deletion from workspace
110 of information associated with known-good cell C06 and dummy
cells CO1 and C18, the details of problematic cells PC10/11 and
PC13/14 is retained by DRC tool 100. Although problematic cells
PC10/11 and PC1l3/14 are indicated in the present example by way
of exhibiting overlap-type bad placement errors for descriptive
purposes, it is understood problematic cells may be identified by

way of other types of problematic instance placement.

[0040] In a presently preferred embodiment, the problematic
cell identification process of block 307 is performed during a
hierarchy processing portion of the DRC process (i.e., performed
before DRC rule check operations), and involves identifying
instances of cells that have suspect placements, such as
overlapping cells Cl10 and Cl1l, and overlapping cells C13 and Cl14.
In one embodiment, suspect placements are detected by way of
identifying permitted-overlap rules pertaining to a currently
selected layer, analyzing the size/location data of each cell in
relation to its adjacent neighboring cells, and marking each cell

as “problematic” if the cell’s size/location violates the layer’s
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permitted-overlap rules. In one embodiment, a layer specific
rule runset is modified for a currently selected layer such that
the runset includes one or more new rules pertaining to the
placement rule violations associated with the problematic cells -
- as explained below, these new rules may be used to mark cells
located adjacent to problematic cells as also being problematic

when certain rule violations occur at a high rate in these cells.

[0041] Referring to block 309 (Fig. 3) and to Fig. 4(D), a
final operation performed in accordance with the generation of
layout workspace 110 is the optional designation of an initial
(first) current cell (CR) for DRC processing at a time T30.
Referring to Fig. 4(D), in the depicted example cell C02 is
indicated as being set as the current cell by way of the
designation “CC=C02”, whereby cell C02 is identified as the first
cell to be processed during subsequent DRC processing. The first
cell designation operation associated with block 309 is shown in
Fig. 3 for logical and descriptive purposes, and those skilled in
the art will understand that an actual “set current cell”
operation may be unnecessary in some embodiments. As set forth
below, cell C02 is selected as the initial current cell in the
exemplary embodiment because it is the lowest numbered remaining
“unmarked” cell in workspace 110 at time T30, and in the example
the current cell designation is shifted from cell to cell in an
ascending cell-number order. Accordingly, an actual “current
cell” designation step may be omitted, and DRC processing may
simply be initiated using the cell in workspace 110(T30) with the
lowest cell number (i.e., cell CO02). Of course, other cell
ordering schemes may be utilized that may produce different
initial current cells. Moreover, some embodiments may not apply
all rule checks to all cells. For example, when cells having
identical features (e.g., shape, size and orientation) are

instantiated multiple times in a given layer, rules used to check
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cell feature dimensions may be applied to the first

instantiation, and omitted/skipped in subsequent instantiations;
at the same time, rules that check cell-to-cell boundary offsets
may be applied to all instantiations of a cell having identical

features) .

[0042] Referring to block 310 in the upper right portion of
Fig. 3, a rule check “runset” order is also automatically
generated before commencing DRC processing according to another
novel processing technique. Figs. 5(A) and 5(B) depict a
simplified example in which DRC rules 80 are written from an
external DRC rule deck 85 into a memory file 120, as indicated by
arrow 310Al1l, at a time T20. Memory file 120 forms a part of
computing system 101 that is accessible by an associated
subroutine of DRC tool 100, which generates a rule check runset
order by assigning a rank (cost) wvalue to each DRC rule of DRC
rules based on predetermined criteria (e.g., based on pre-
established importance of certain rules to a given design layout
layer, or based on estimated or calculated rule execution time
duration). In the exemplary embodiment DRC rules 80 include
rules R1 to R4, where each rule includes associated number of
rule check procedures Pl to P6. For explanatory purposes, it is
assumed that each procedure Pl to P6 is executed by computing
system 101 in the same amount of time (i.e., procedure Pl is
executed in the same amount of time as procedures P2 to P6), so
the anticipated rule execution time duration for each rule R1 to
R4 may be anticipated (i.e., estimated or calculated) by the
number of procedures associated with each rule. Using this
simplification, the shortest-to-longest runset order for rules R1
to R4 is established as indicated by the arrows 310A2 shown in
Fig. 5(B), with rule R3 being identified having the shortest
anticipated rule execution time duration by way of including two

procedures Pl and P2, and rule R2 being identified having the
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longest anticipated rule execution time by way of including six
procedures P1 to P6. Due to the associated number of procedures
utilized by rules R1 (i.e., procedures Pl to P4) and R4 (i.e.,
procedures P1 to P3), the runset order for DRC rules 80 is set as
indicated in Fig. 5(B), with rule R3 being first, R4 being
second, Rl being third and R4 being fourth. Accordingly, as
established by way of this example, a first DRC rule (i.e., rule
R3 or rule R4) having a relatively short anticipated rule
execution time duration is assigned a higher rank wvalue (lower
cost), and a second DRC rule (i.e., rule R2 or rule R1l) having a
relatively long anticipated rule execution time duration is

assigned a lower rank value (higher cost).

[0043] Although the exemplary embodiment describes runset
ordering involving analyzing a DRC runset command tree to
determine which of the DRC rules are the “simplest”, other
criteria may be utilized to automatically set the DRC runset
order. In another embodiment, the anticipated execution time
duration for each rule is based on which of the rules include
known time-consuming (‘expensive’) operations (e.g., connect db,
voltage dependent checks, or multi-patterning checks), and the
rule runset 1is ordered in accordance with the presence of such
known time-consuming operations such that all rules that omit
such time-consuming operations are executed before the rules
having the known time-consuming operations. Fig. 6 provides a
listing of exemplary rules having associated designated low,
medium, medium/high, high and very high cost values based on
anticipated execution time. In another embodiment, DRC rules 80
includes a layer-specific rule runset, where rule R1 to R4
includes DRC rules from DRC rule deck 85 and any new rules that
may be generated by DRC tool 100, and runset ordering (block 310)
involves ranking the rules from lowest-to-highest cost (or

highest-to-lowest weight) based on each rule’s relevance to the
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currently selected layer. 1In this case, if runset order was
established during a previous DRC processing session and no new
rules have been added, then the previously established runset
order may be utilized and block 310 may be skipped to further

reduce overall DRC processing time.

[0044] Referring to block 315 (Fig. 3) and to Fig. 5(C), a
final operation performed in accordance with the generation of a
rule runset order is the optional designation of an initial
(first) current rule (CR) for DRC processing at a time T31.
Referring to Fig. 5(C), in the depicted example the designation
“CR=R3” indicates that rule R3 is set as the initial current rule
for subsequent DRC processing because, as set forth above, 1t has
been identified as the lowest duration (shortest running) rule in
runset 120. As with the selection of an initial current cell
(discussed above), the designation of rule R3 as the initial
current rule is depicted for explanatory purposes, and may be

omitted in some cases.

[0045] After the design layout workspace is generated and the
rule runset order is established as set forth above, DRC
processing is performed by associated subroutines of DRC tool 100
in accordance with blocks 320 to 380 of Fig. 3 in the manner
described below. Note that the simplified cell layout and rule
runset examples described above with reference to Figs. 4 (D) and
5(C) are utilized to illustrate specific processes performed by
DRC tool 100 during DRC processing 1in a greatly simplified
graphic manner with reference to Figs. 7(A) to 7(L), which are
described below. For example, Fig. 7(A) depicts a portion of
computing system 101 including layout workspace 110 and memory
file 120 at a time T40, which occurs after both time T30 (Fig.
4(D)) and time T31 (Fig. 5(C)), which indicate the designation of
initial current cell C02 and initial current rule R3,

respectively. Fig. 7(A) also shows a third memory section 130 at
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time T40 that is generated and updated by associated subroutines
of DRC tool 100, and is made up of DRC control fields including
elapsed (total) DRC processing time TPT, which in one embodiment
is calculated by subtracting time TO from time T40 (indicated by
“T40-T0”), and error (rule violation) count fields that indicate
the number of violations of each rule R1 to R4, along with a sum
total value, that have accrued during DRC processing. Of course,
at the beginning of DRC processing the rule vioclation count
values are all zero (e.g., “R1=0"). Note that the depictions in
these figures are not intended to accurately reflect specific
details associated with DRC processing, and details regarding the
execution of specific DRC operations known to those skilled in
the art (e.g., the rule checks performed in accordance with block

320) are omitted herein for brevity.

[0046] Referring again to block 320 (Fig. 3), rule check
processing is initiated by DRC tool 100 at a time T40 by way of
performing the initially designated current rule check on the
initially designated current cell. As established above, at the
beginning of rule check processing the designated current rule is
the first rule in the rule runset order (i.e., rule R3), and the
designated current cell is the lowest numbered cell in design
layout workspace 110 (i.e., cell C02). Fig. 7(B) shows computing
system 101 at a time T41 following the first DRC rule check
operation involving the application of initial current rule R3 to
initial current cell C02. For discussion purposes, the results
of this initial rule check are indicated by flag box 145-11
depicted at the bottom of cell C02, where the blacked state of
flag box 145-11 indicates that cell C02 failed the rule check
involving DRC rule R3. Referring to third memory section
130(T41) at the right side of Fig. 7(B), note that the violation
of rule R3 by cell C02 causes the rule R3 violation field in

memory section 130(T41) to increment (increase by one, e.g., such
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that the associated field changes to “R3=1"), as well as the
total rule violation field (i.e., such that the total number of
violations field changes to “TOTAL = 1”). The relevance of these

violation count wvalues is discussed below.

[0047] After the initial rule check operation (block 330, Fig.
3), control passes to decision block 330, which functions to
identify whether the current rule (in this case, rule R3) has
been violated more than a predetermined maximum number of times.
Because this is the initial pass through decision block 330
(i.e., the number of violations related to current rule R2 is
low), processing follows the “NO” branch to block 340. As
explained in additional detail below, in later cycles involving a
given current rule, i1f a high rule violation rate is detected in
block 330, the “WES” branch is followed to block 335, where a
rate flag is set for the current rule, and the rule checking

process for the current rule is suspended.

[0048] Resuming with the example involving initial current
rule R3, rule check processing proceeds to the next cell in the
design layout workspace. In the exemplary embodiment shown in
Fig. 3, control passes along the “NO” branch from decision block
330 to decision block 340, which checks to determine if all cells
in design layout workspace have been checked using the designated
current rule. If unchecked cells remain (NO), then control
passes from decision block 340, whereby the designated current
cell is updated to a next remaining cell in the design layout
workspace, and then control passes to block 320, whereby DRC
processing proceeds with performing rule check operations on the
newly designated current cell using the previously designated
current rule. 1In a presently preferred embodiment, the above-
mentioned loop, which is performed until one of the two
conditions mentioned above with reference to decision blocks 330

and 340 is satisfied, is performed in accordance with the rule
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check runset order a high error rate is not detected (NO), then
control passes from the current cell to the next-higher numbered

remaining “unmarked” cell in the design layout workspace.

[0049] Figs. 7(C) and 7 (D) depict DRC processing of cells CO03
to C05, CO7 to C09, Cl2 and Cl15 to Cl17 (i.e., the “unmarked”
cells in workspace 101) according to the loop process described
above with reference to blocks 320, 330(NO), 340 and 345. Fig.
7(C) depicts computing system 101 at a time T42 after the re-
designation of the current cell from cell C02 to cell CO03 by
block 345 of Fig. 3 (i.e., in Fig. 7(C), this in indicated by way
of the curved dashed arrow, and the designation “CC=CO03” in cell
C03), and after re-designated current cell C03 has been subject
to DRC processing using current rule R3. For discussion
purposes, the results of this second rule check using rule R3 are
indicated by flag box 145-12 depicted at the bottom of cell CO03,
where the open state of flag box 145-11 indicates that cell CO03
passed the rule check involving DRC rule C03. Referring to right
side of Fig. 7(C), note that the rule R3 violation field and the
total violations field in memory section 130(T42) remain
unchanged from time T41 (Fig. 7(B)) due to cell CO03 passing the
rule R3 check. Fig. 7(D) depicts computing system 101 at a time
T43 following multiple additional passes through the loop process
described above with reference to blocks 320, 330(NO), 340 and
345, where the respective dashed-line arrows indicate sequential
shifting of the current cell designation from cell CO03 to cell
C04, from cell C04 to cell CO05, etc., in the increasing cell
number order until cell Cl17 has been designated as the current
cell and processed using the rule R3 rule check operation. The
cells that violated rule R3 (i.e., cells C04, C08 and Cl15 failed
the rule check process involving rule R3) are indicated the
blacked state of flag boxes 145-13, 145-14 and 145-15,

respectively, and the open first boxes in all of the other cells
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indicate that these cells passed the sequentially performed rule
check process involving rule R3. Referring to right side of Fig.
7(D), note that the rule R3 violation field and the total
violations field in memory section 130(T43) have increased in
accordance with the number of cells that violated rule R3 during
DRC processing from time T4l to time T43 (i.e., such that the
number of rule 3 violations field now reads “R3=4", and the total

number of violations field changes now reads “TOTAL = 47).

[0050] Returning again to decision block 340 in Fig. 3, after
all cells in the design layout workspace have been subjected to
rule checking using initial current rule (i.e., rule R3), control
passes along the “YES” branch to decision block 350, which
determines whether one or more of the preset threshold limits
(e.g., either the predetermined time limit or the predetermined
number of total rule violations). For descriptive purposes, it
is assumed neither of these thresholds have been reached, so
control passes along the “NO” branch to block 355, where the
current cell is reset to the first remaining cell (i.e., cell CO02
in the example shown in Fig. 7(E)), and then control passes to
decision block 360, which determines whether all rules in memory
space 120 have been checked. Because only one rule (i.e., rule
R3) has been checked at this time, the next rule in the rule
runset order (i.e., rule R4) is designated as the current rule.
Fig. 7(E) depicts computing system 101 at a time T51 following a
first DRC rule check operation involving the application of
second current rule R4 to initial current cell C02. For
discussion purposes, the results of this rule check are indicated
by second flag box 145-21, which is depicted next to flag box
145-11 at the bottom of cell C02, where the open state of flag
box 145-21 indicates that cell C02 passed the rule check
involving DRC rule R4. Because cell C02 passed the rule checking

operation involving rule R4, the rule R4 violation field in
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memory section 130(T41) remains unchanged (i.e., “R4=0”), and the
total rule violation field also remains unchanged (i.e., “TOTAL =
47) from the tally generated by DRC processing using initial rule
R3. Fig. 7(F) depicts the subsequent DRC processing of unmarked
cells CO03 to CO05, CO7 to C09, Cl2 and Cl5 to Cl17 according to the
loop process described above with reference to blocks 320,
330(NO), 340 and 345 in Fig. 3. Specifically, Fig. 7(F) depicts
computing system 101 at a time T52 after multiple additional
passes through the loop process described above with reference to
blocks 320, 330(NO), 340 and 345, where the respective dashed-
line arrows indicate sequential shifting of the current cell
designation from cell C02 to C03, from CO03 to cell C04, etc., in
the increasing cell number order until cell C17 has been
designated as the current cell and processed using rule R4. The
cells that violated rule R4 (i.e., cells C03, C05, C07, C09, Cl12
and C17) are indicated the blacked state of flag boxes 145-22,
145-23, 145-24, 145-25, 145-26 and 145-27, respectively, and the
open first boxes in all of the other cells indicate that these
cells passed the sequentially performed rule check process
involving rule R4. Referring to right side of Fig. 7(F), note
that the rule R4 violation field and the total violations field
in memory section 130(T52) have increased in accordance with the
number of cells that violated rule R4 between times T51 and Tbh2
(i.e., such that the number of rule 4 violations field now reads
“R4=6", and the total number of violations field changes now

reads “TOTAL = 107).

[0051] In one embodiment DRC tool 100 is configured to
automatically detect systematic or fundamental layout errors by
way of recognizing when a particular DRC rule generates an
unusually high number of rule violations, and for terminating the
rule check process involving the particular DRC rule, but

continuing rule check processing using subsequent rules in the
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rule deck. As set forth above, recognition of a high error rate
associated with a particular current rule occurs in decision
block 330 (Fig. 3). A simplified example illustrating the
termination of rule check processing is provided below with
reference to rule check processing involving rule R1l, where the
test performed in decision block 330 generates a “YES” result
when seven rule violations are detected for a given rule. Note
that seven is an arbitrary number selected solely for descriptive
purposes. In one embodiment, an additional function is performed
in association with block 330 that evaluates the results
generated by lower cost rules, and optionally modifies the rule
runset in accordance with this evaluation. In the exemplary
embodiment described below, the evaluation results are assumed to
cause rule check processing using the full runset. In an
alternative embodiment, the evaluation results may be used to
truncate a portion of the rule runset (e.g., only perform rule
check operations using predesignated low-cost rules), or to
remove certain groups of cells from further rule checking (e.g.,
by way of designating these cells as problematic) due to the

generation of too many errors within this group.

[0052] Returning again to decision block 340 in Fig. 3, after
all cells in the design layout workspace have been subjected to
rule checking using the second rule in the runset (i.e., rule
R4), and assuming neither of the time or the total rule
violations thresholds have been reached, control again passes
from decision block 350 to block 355, where the current cell is
again reset to cell CO01, and then control again passes through
decision block 360 to block 365, where the next (third) rule in
the rule runset order (i.e., rule R1l) is designated as the
current rule. Fig. 7(G) depicts computing system 101 at a time
T6 following a series of DRC rule check operations involving the

application of third current rule R1 to cells C02 to CO05 and
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cells CO7 to C09. The change of the current rule to rule R1 is
depicted in memory section 120(T6) of Fig. 7(G) by way of the
designation “CR=R1”, where performing rule checks associated with

rule R1 involve performing rule check procedures Pl to P4.

[0053] By way of illustrating the high rule error rate
feature, rule checking associated with rule R1 is depicted in
Fig. 7(G) as generating seven consecutive errors (rule
violations) in each of the first seven cells to which it is
applied. That is, rule check processing of cell C02 using
current rule R1 is assumed for exemplary purposes to generate a
violation, which is indicated by black box 145-31. The
designated current cell is then shifted and the rule checking
process 1is repeated for each of cells C02 to CO05 and CO07 to CO09
in the manner described above (i.e., by way of looping through
blocks 320, 330, 340 and 345 in Fig. 3), where rule check
processing performed in block 320 on each of these cells using
current rule R1 generates a violation, as indicated by the black
boxes in each of these cells, but in each case control passes
from subsequent block 330 (“™NO”) to block 340 because the total
number of rule violations associated with rule R1 remains below
the seven-error threshold value. After the rule check processing
on cell CO09 generates a seventh rule violation related to rule R1
(e.g., as indicated by black box 145-32 in cell C09 in Fig.
7(G)), control passes from block 320 to block 330 in the manner
described above. At this point, because seven rule violations
have been recorded (as indicated by “R1=7” in memory section
130(T6) of Fig. 7(G)), control passes from decision block 330
along the “YES” branch to block 335, whereby a high rule
violation rate flag is set for the current rule (i.e., rule R1),
and then control passes to decision block 350, which determines
whether one or more of the predetermined time limit or total rule

violation thresholds have been reached. If not, then control
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passes to blocks 335, 360 and 365 in the manner described above
such that rule check processing continues with next rule in the
runset (i.e., rule R2, as indicated in Fig. 7(H)). In this
manner, further rule check processing using a high-violation-
rate-causing rule (i.e., in this example, rule R1l) 1is postponed
or terminated in that subsequent cells in the design layout
workspace (i.e., cells Cl2 and Cl1l5 to Cl1l7) are bypassed (not
subjected to rule check processing using rule R1, as indicated by
the “X” symbol appearing in the associated third flag boxes 145-
33 of these cells), thereby enabling rule check processing using
the next-in-order DRC rule (i.e., in the example, DRC rule R2) at
an earlier time than if rule check processing were performed on
the bypassed cells. In this way, DRC tool 100 facilitates
periodic sanity checks for systematic or fundamental layout flaws
that produce a high number of violations of a certain DRC rule.
That is, when a particular rule check generates a large number of
violations after rule checking a relatively small number of
cells, DRC tool 100 assumes that the particular DRC rule will
probably generate an additional large number of violations when
applied to the remaining cells of a given layer, and suspends
further rule check processing using that particular DRC rule in
order to provide more time for rule checking using other DRC
rules. In one embodiment, further rule checks using the
particular high-violation-rate-causing rule or in the high-error-
rate-producing region are postponed until first-pass DRC
processing is completed for all other rules and/or layers of the
IC layout design (i.e., 1f sufficient time budget remains after
all other rule checks are completed, then the remaining time
budget may be used to apply the rule check to cells that were not
checked using the particular rule). When the DRC process 1is
completed before the particular rule check is applied to all

cells, the error report may include a special error message
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identifying the high-error-rate-causing rule and/or the high-
error-rate-producing region, which notifies the operator/user
that violations of the particular rule may be present in other

regions of the layout design.

[0054] Referring to Fig. 7(H), which depicts computing system
101 at a time T7 (following tTime T6) after a series of DRC rule
check operations involving the application of subsequent (and
final) current rule R2 to the cells in design layout workspace
110. The change of the current rule to rule R2 is depicted in
memory section 120(T7) of Fig. 7(H) by way of the designation
“CR=R2”, and the sequentially performed rule check processes
using rule R2 are indicated by the curved dashed-line arrows,
which indicate that a first rule check process is performed on
cell CO02 (which rule check is passed, as indicated by open flag
box 145-41), and that three cells failed associated subsequently
performed rule check processes (i.e., as indicated by blackened
flag boxes 145-42, 145-43 and 145-44 in cells C09, Cl12 and C17,
respectively). As indicated in memory section 130(T7), the three
violations of rule R2 are recorded (i.e., “R2=3"), and the total
rule violation field is updated to include the total number of
rule violations incurred at time T7 (i.e., including the seven
rule violations incurred by rule R1 such that the total number of

violations field changes to “TOTAL = 207).

[0055] Referring to Fig. 3, once all cells in workspace 110
have been checked using the last rule in the runset, control
again passes to block 350 (i.e., along the “YES” branch from
block 340). Assuming the total elapsed processing time at the
end of time T7 (i.e., “TPT = T7-T0”) is less than the DRC time
threshold and the total number of rule violations (i.e., “TOTAL =
20”) 1is less than the rule violation threshold number, then
control passes along the “NO” branch from decision block 350 to

block 355, where the current cell is again reset to C02, and then
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control passes to decision block 360. At this time, since all
rules in the runset have been checked, control passes from
decision block 360 along the “WES” branch to block 370. The
passing of control to block 370 marks the end of first-pass rule
checking operations involving unmarked cells, and the beginning
of second-pass rule checking operations, which is described

below.

[0056] As explained above with reference to Fig. 3, DRC tool
100 is configured to perform first-pass rule check processes in
the manner described above, where the first-pass rule check
processes are only performed on “un-marked” cells that are
remaining in the design layout workspace. That is, referring to
blocks 305 and 307 (Fig. 3), dummy/known-good and problematic
cells are identified and removed from the design layout workspace
before first-pass rule check operations are started, whereby
these cells are omitted/suspended from first-pass rule checking
operations (i.e., referring to Fig. 7(H), the first-pass rule
checking operations described above are performed only on
remaining cells C02 to C05, CO07 to C09, Cl2 and Cl15 to C17 of
design layout workspace 110). Control passes to block 370 only
when all first-pass rule checking operations have been completed
on all remaining (unmarked) cells present in the design layout
workspace, and only if neither of the DRC time threshold and the
total number of rule violations threshold have been reached,
meaning that a DRC processing budget remains for performing
additional rule checking operations. According to an embodiment
of the present invention, this remaining DRC processing budget is
utilized to perform at least some second-pass rule checking
operations on at least some of the problematic cells identified
and removed/suspended in accordance with block 307. The reason
and benefit for performing these second-pass rule check

operations 1s that additional rule check processing of the
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problematic cells may provide additional information that may be
acted upon (corrected) before the next DRC processing session is
undertaken (i.e., on an incrementally modified version of the IC
design layout) - that is, because the DRC tool is able to fully
process all unmarked cells without exceeding either the time
threshold or the total-error threshold, additional processing of
the problematic cells during second-pass rule checking operations

is essentially “free”.

[0057] Referring to block 370 (Fig. 3) and to Fig. 7(I), which
shows computing system 101 at a time T8, the first phase of the
second-pass rule checking operations effectively involves un-
flagging (i.e., re-writing or otherwise reinstating) problematic
cells C10, Cl11, C13 and Cl4 such that they are recognized by DRC
tool 100 as unmarked remaining cells in design layout workspace
110(T8). The unmarking process 1is depicted in Fig. 7(I) by way
of showing cells C10, Cl1, Cl13 and Cl4 with the same solid lines
and four flag boxes that are used to illustrate the remaining
unmarked cells processed during first-pass rule check processing.
Note that, in one embodiment, these remaining unmarked cells are
removed from the design layout workspace before the start of
second-pass rule check operations, but are retaining in the
illustrated example for reference. Next, as indicated in Fig.
7(I), the lowest numbered unprocessed cell (i.e., cell C10) 1is
designated as the current cell (i.e., by way of “CC=Cl1l0”), and as
indicated in second memory section 120(T8), the current rule is
reset to the first rule in the rule runset order (i.e., indicated
by “CR=R2”). Second-pass rule-check operations are then
performed on each of cells C10, Cl11, Cl13 and Cl4 using the
methods described above, beginning with initial current rule R3
at a time T10, as illustrated in Fig. 7(J), and ending with final
current rule R2 at time T10, as illustrated in Fig. 7 (K). In one

embodiment, the additional rule violations detected during
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second-pass rule check operations are indicated using the
black/open box method described above, and rule violations are
recorded in third memory section 130 in the manner described
above, with final rule violation count wvalues being indicated in
Fig. 7 (K).

w

[0058] In one embodiment, when a “new” DRC rule generated in
association with the identification of problematic cells (i.e.,
in block 307, Fig. 3) 1is violated during first-pass rule check
processing at a high rate by “neighboring” cells that are located
adjacent to the identified problematic cells, one or more
similarly positioned neighboring cells (e.g., located adjacent to
the problematic cells) are automatically designated as
problematic and removed from subsequent first-pass rule check
processing in order to speed up rule check processing of other
remaining cells. Other instances where groups of cells (regions)
are designated as problematic during first-pass rule check
processing are also mentioned above. When such newly-designated
problematic (neighboring) cells are identified and removed during
first-pass processing, these newly-designated problematic cells
are also reinstated for second-pass rule check processing (i.e.,
the neighboring cells are reinstated for second-pass rule
checking operations along with the originally-designated
problematic cells identified and removed in accordance with block

307) .

[0059] Referring to block 350 in the middle of Fig. 3, upon
termination or completion of the DRC process (i.e., either
terminated by one of the report thresholds mentioned above or
completion of second-pass rule check processing, control passes
along the “YES” branch from block 350 to block 380, where error
report 105 is generated as set forth below, and then DRC
processing is terminated. Fig. 7(L) depicts a simplified error

report 105A including error data for layer 90-1, which is based
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on X-Y positional data of remaining cells in design layout
workspace 110 and third memory section 130 at time T10, where
error information provided in error report 105A includes (first)
graphic error data 106 indicating each rule violation occurring
during first-pass rule check processing, and (second) DRC error
data 107 indicating each problematic cell identified in block 307
of Fig. 3. 1In a presently preferred embodiment, DRC tool 100
includes a subroutine configured to generate graphic error data
106 in the form of dots (i.e., spherical or other indicia) that
depict each corresponding designated cell having at least one
rule violation (i.e., incurred during first-pass and/or second-
pass rule checking operations, described above). Each dot is
relatively positioned at an X-Y location that corresponds to the
relative X-Y location of its corresponding designated cell. For
example, the dot 106-1 corresponding to cell C02 is positioned in
the upper left corner of graphic error data report 105A, which
corresponds to the X-Y location of cell C02 on layer 20-1 (e.g.,
as indicated in Fig. 4(A)). By providing the error report using
this graphical format, DRC tool 100 presents DRC errors to
users/operators in a way that is easy to understand and
visualize. In addition, an optional textual error report (not
shown) 1is generated that includes details regarding the rule
violations depicted by each corresponding dot (e.g., cell number,
rules violated, and other information such as whether certain
rules were not executed). In another embodiment, error data 107
identifies problematic cells, e.g., using rectangular boxes
and/or soft links to error data that details the detected

erroneous placement associated with each problematic cell.

[0060] Figs. 8(A) and 8(B) includes two diagrams 380-B1l and
380B-2, respectively, showing DRC errors generated by DRC tool
100 according to an exemplary practical embodiment, wherein

diagrams 380-Bl1 and 380B-2 depict graphic error data using the
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thermal map-type graphical presentation method discussed above.
Diagram 380-B1 (Fig. 8(A)) is a thermal map presentation showing
DRC processing results in which all rule violations (errors) are
depicted by corresponding dots. Diagram 380-B2 (Fig. 8(B)) 1is
modified thermal map presentation showing the same DRC processing
results of diagram 380-Bl, but in a manner that applies a
sampling method to reduce the number of displayed errors in
accordance with another embodiment of the present invention. In
one embodiment, the sampling method applies one or more of the
following rules when generating the modified thermal map
presentation: at least one error in every block of the layer is
shown; and errors are shown uniformly (i.e., the density of
displayed errors/dots is uniformly maintained across the entire
thermal map), which involves determining the total number of
errors and selecting errors to display/hide accordingly.
Reducing the errors displayed in the thermal map produces two
main benefits: first, it reduces the amount of data that the
thermal map generating tool would have to load, so it speeds up
the thermal map display generation time; second, it reduces the
amount of data presented to the user so it will be
easer/faster/more intuitive for the user to understand what needs
to be fixed. 1In one embodiment the sampling method is utilized
to generate manageable textual error reports made up textual

descriptions of the errors selected by the sampling method.

[0061] In one embodiment, DRC tool 100 is modified as follows
for application to early-stage IC layout designs including
multiple layers. 1In this case, each layer is provided with a
layer—-specific runset, which includes all DRC rules from the DRC

w

rule deck and any “new” rules that may be generated during DRC
processing. According to an embodiment of the invention, the
rules/checks for each layer are ranked from lowest-to-highest

“cost” (or highest-to-lowest “weight”) based on: (a) each rule’s
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relevance to the currently selected layer, and (b) each rule’s
anticipated execution time (e.g., based on number of command
steps). One way to determine a rule’s relevance involves
determining the DRC rules that are closest to the currently
selected design layer in terms of the number of commands in the
rule branch, such as the exemplary simplified rule branch
depicted in Fig. 9. Fig. 9 illustrates a typical command runset
dependency graph 600 comprising an input design layout database
602, layer creation commands layer 1 604, layer 2 606, layer 3
608, layer 4 626, layer 5 610, connect database command 612 and
design rule checks rule-check-1 614, rule-check-2 616, rule-
check-3 018, rule-check-4 620, rule-check-5 622, and rule-check-6
624. The steps can number in the thousands of DRC tool commands,
and these steps may also be intermingled. The checks are the
error producing commands that generate errors that are written to
the DRC error database. In this example rules-checks 1, 4, and 6
are operating directly on design database derived layers 1, 2 and
3, respectively. Specific rules/checks associated with those
referenced with reference to Fig. 9 are listed in Fig. 6,
mentioned above. In one embodiment, a given layer’s runset order
was established during a previous DRC processing session and no
new rules have been added, then the previously established runset
order may be utilized and block 310 (Fig. 3) skipped to further

reduce processing time.

[0062] Fig. 10 illustrates an incremental IC layout design re-
verification method utilizing DRC tool 100 according to another
embodiment of the present invention. Incremental re-verification
of an IC layout design occurs each time the design is modified,
for example, to include previously omitted blocks or to correct
rule violations that were detecting during previously performed
DRC processing sessions. In the example shown in Fig. 10, an

initial “Rev0” layout design 90CO0 is analyzed during a first DRC
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processing session s0 by DRC tool 100 (indicated by “100(s0)” in
Fig. 10), and information generated during DRC processing session
sO0 is saved (e.g., signatures, rule list and bad cell 1list 812,
and a Rev0 error report 105C(s0) that may be utilized to generate
a graphic thermal map presentation of errors detected during
first DRC processing session s0 in the manner described above).
At a subsequent time, a modified “Revl” layout design 90C1 is
presented to DRC tool 100 for performance of a second DRC
processing session sl (indicated by “100(sl)” in Fig. 10). 1In
one embodiment, at the beginning of DRC processing session sl,
differences between modified layout design 90C1 and the initial
(dirty) layout design 90CO0 are automatically identified, for
example, using time-stamp values to distinguish between new or
modified features in modified layout design 90C1 that are
different from or not present in dirty layout design 90C0, and
then DRC processing 1is performed only on the new or modified
features (i.e., ‘has-not-changed’ features are not subjected to
the rule checking process). Information generated during session
sl is combined with residual (unchanged) information generated
during session s0, and the combined information is then saved
(e.g., as signatures, rule list and bad cell 1list 814, and a Revl
error report 105C(sl)) for use in during the next-sequentially
performed DRC processing session. Accordingly, by automatically
identifying and removing unchanged features in incremental
revisions of an IC layout design, the incremental re-verification
method of the present invention minimizes DRC processing time by
performing rule checking only on new or modified features (i.e.,
features that were changed from previous revisions) appearing in
each incremental IC layout design revision, which further
increases the DRC processing efficiency of DRC tool 100. DRC
processing is thus focused on the new and modified portions of

each new IC layout version until all functional blocks have been
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added, all corrections to rule violations detected during all
early-stage DRC processing iterations have been entered, and
signoff DRC processing 1s successfully performed on the final IC
layout design. In summary, an objective of the DRC tool of the
present invention is to focus each DRC processing iteration on
cells/blocks/layers that are either newly added or corrected
relative to the earlier IC layout version, thereby significantly
reducing overall processing time from early-stage to signoff DRC
processing, in comparison to the processing time required using

conventional signoff DRC methods.

[0063] FIG. 11 shows a simplified representation of an
exemplary digital ASIC design flow including the DRC processing
approach described above. At a high level, the process starts
with the product idea (step 1500) and is realized in an EDA
software design process (step 1510). When the design is
finalized, 1t can be taped-out (event 1540). After tape out, the
fabrication process (step 1550) and packaging and assembly
processes (step 1560) occur resulting, ultimately, in finished

chips (result 1570).

[0064] The EDA software design process (step 1510) is actually
composed of a number of steps 1512-1530, shown in linear fashion
for simplicity. In an actual ASIC design process, the particular
design might have to go back through steps until certain tests
are passed. Similarly, in any actual design process, these steps
may occur in different orders and combinations. This description
is therefore provided by way of context and general explanation
rather than as a specific, or recommended, design flow for a

particular ASIC.

[0065] A brief description of the components/steps of the EDA
software design process (step 1510) will now be provided. In one
embodiment, one or more steps of the EDA software design process

can be implemented using a computer-readable medium 1511A, which
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is read by a computer 1511B. Note that CustomSim, ESP, IC
Compiler, Magellan, Model Architect, Power Compiler, PrimeRail,
Proteus, ProteusAF, PSMGen, Saber, StarRC, and System Studio are
trademarks of Synopsys, Inc., and CATS, DesignWare, Design
Compiler, Formality, HSIM, Leda, NanoSim, Primetime, Syndicated,
TetraMAX, VCS, and Vera are registered trademarks of Synopsys, Inc.
System design (step 1512): The designers describe the
functionality that they want to implement, they can perform what-
if planning to refine functionality, check costs, etc. Hardware-
software architecture partitioning can occur at this stage.
Exemplary EDA software products from Synopsys, Inc. that can be
used at this step include Model Architect™, Saber™, System

studio™, and DesignWare® products.

[0066] Logic design and functional verification (step 1514):
At this stage, the VHDL or Verilog code for modules in the system
is written and the design is checked for functional accuracy.
More specifically, does the design as checked to ensure that
produces the correct outputs. Exemplary EDA software products
from Synopsys, Inc. that can be used at this step include HSIM®,
NanoSim®, CustomSim™, VCS®, VERA®, DesignWare®, Magellan™,
Formality®, ESP™ and LEDA® products.

[0067] Synthesis and design for test (step 1516): Here, the
VHDL/Verilog is translated to a netlist. The netlist can be
optimized for the target technology. Additionally, the design
and implementation of tests to permit checking of the finished
chip occurs. Exemplary EDA software products from Synopsys, Inc.
that can be used at this step include Design Compiler®, Power

Compiler™, Tetramax®, and DesignWare® products.

[0068] Netlist verification (step 1518): At this step, the
netlist is checked for compliance with timing constraints and for

correspondence with the VHDL/Verilog source code. Exemplary EDA
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software products from Synopsys, Inc. that can be used at this step

include Formality®, PrimeTime™, and VCS® products.

[0069] Design planning (step 1520): Here, an overall floorplan
for the chip is constructed and analyzed for timing and top-level
routing. Exemplary EDA software products from Synopsys, Inc.
that can be used at this step include Astro™ and IC Compiler™

products.

[0070] Physical implementation (step 1522): The placement

(positioning of circuit elements) and routing (connection of the
same) occurs at this step. Exemplary EDA software products from
Synopsys, Inc. that can be used at this step include the Astro™

and IC Compiler™ products.

[0071] Analysis and extraction (step 1524): At this step, the
circuit function is verified at a transistor level, this in turn
permits what-if refinement. Exemplary EDA software products from
Synopsys, Inc. that can be used at this step include PrimeRail™,

Primetime®, and Star RC products.

[0072] Physical verification (step 1526): At this step wvarious
checking functions are performed to ensure correctness for:
manufacturing, electrical issues, lithographic issues, and
circuitry. Exemplary EDA software products from Synopsys, Inc.
that can be used at this step include the Hercules™ and IC
Validator products. 1In one embodiment, the DRC processing tool

and method described herein are utilized in step 1526.

[0073] Resolution enhancement (step 1528): This step involves
geometric manipulations of the layout to improve
manufacturability of the design. Exemplary EDA software products
from Synopsys, Inc. that can be used at this step include
Proteus™, ProteusAF™, and PSMGen™ products. 1In one embodiment,
the DRC processing tool and method described herein are utilized

in step 1528.
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[0074] Mask data preparation (step 1530): This step provides
the “tape-out” data for production of masks for lithographic use
to produce finished chips. Exemplary EDA software products from
Synopsys, Inc. that can be used at this step include the CATS®
family of products.

[0075] As indicated above, physical verification step 1526 and
resolution enhancement step 1528 can benefit from the DRC
processing tool and method of the present invention. Currently,
most DRC processing of early-stage (dirty) IC designs involves
significant amounts of unnecessary DRC processing time and
associated error data, much of which being unusable, thereby
generated unnecessary delays in bringing an IC device to market.
Advantageously, by using the above-described dirty DRC processing
technique, the identification of layout errors in dirty IC
designs is automated in a manner that significantly reduces the

time between product idea 1500 to tape-out 1540.

[0076] Although the present invention has been described with
respect to certain specific embodiments and greatly simplified
examples, it will be clear to those skilled in the art that the
inventive features of the present invention are applicable to
other embodiments as well, all of which are intended to fall
within the scope of the present invention. For example, Fig. 12
shows a partial DRC tool 100D including additional features
related to practical applications involving IC layout design 90,
where functional portions of DRC tool 100D that are generally
related to those mentioned above with reference to Fig. 3 are
identified using similar reference numbers. Specifically,
functional unit 302D corresponds to block 302 of Fig. 3, and
includes reading in the design layers and design hierarchy of IC
layout design 90 (block 302D-1) and extracting the original
design hierarchy (block 302D-2). Functional unit 305D

corresponds to block 305 of Fig. 3, and includes the additional
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step of extracting design layers and optimizing the design
hierarchy. Functional unit 307D corresponds to block 307 of Fig.
3, and includes analyzing the hierarchy tree generated in block
305D for problematic cells using heuristics and machine/deep
learning model algorithms (block 307D-1), and generating an
annotated hierarchy tree (block 307D-2). Functional unit 310D
corresponds to block 310 of Fig. 3, and includes reading in a
rule file 80D (block 310D-1), building a rule deck dependency
graph (block 310D-2), automatically assigning weights to rules in
dependency graph using heuristics and machine/deep learning model
algorithms (block 310D-3), and analyzing the weighted rule
dependency graph and inserting additional commands (block 310D-
4). In one embodiment, analysis of the weighted rule dependency
graph (block 310D-4) utilizes the annotated hierarchy tree data
generated by functional unit 307D-2, as indicated by the

horizontal arrow extending between these two blocks.
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CLAIMS

1. A design rule checking (DRC) tool configured to performed
DRC processing that identifies layout errors in an early-stage
integrated circuit (IC) layout design corresponding to an IC device
by analyzing said early-stage IC layout design using a plurality of
rules, and by generating error information suitable for correcting
the layout errors, thereby facilitating the efficient generation of
a finished layout design that is suitable for producing masks used
in the fabrication of the IC device, the DRC tool comprising:

means for generating a design layout workspace including a
plurality of designated cells that collectively define said early-
stage IC layout design;

means for generating a rule check runset order by
automatically assigning a rank value to each rule of said plurality
of rules;

means for performing a plurality of rule check processes, each
rule check process including analyzing a selected current cell of
sald plurality of designated cells in said design layout workspace
using a sequentially selected current rule of said plurality of
rules, and recording an associated rule violation when said
selected current cell violates said selected current rule, wherein
performing said plurality of rule check processes includes
sequentially selecting said current rule in accordance with said
rule check runset order such that first rule check processing is
performed using a first rule of said rule runset order as a
selected first said current rule on at least some of the cells in
said design layout workspace, and then second rule check processing
is performed using a second rule of said rule runset order as a
selected second said current rule; and

means for terminating said rule check processing when one of
(a) a total DRC processing time exceeds a predetermined maximum

processing time period, and (b) a total number of said rule
47



WO 2018/081667 PCT/US2017/058913

violations exceeds a predetermined maximum error limit value during

sald DRC processing.

2. The DRC tool of Claim 1, wherein said means for
generating a rule check runset order includes means for
anticipating an associated anticipated rule execution time duration
for each rule of said plurality of rules, and for establishing said
rule check runset order based on said anticipated execution time
duration such that a first said rule having a relatively short
anticipated rule execution time duration is assigned a high rank
value, and a second rule having a relatively long anticipated rule
execution time duration is assigned a low rank value, whereby said
first rule is arranged ahead of said second rule in said rule check

runset order.

3. The DRC tool of Claim 1, wherein said means for
generating a rule check runset order includes means for identifying
the presence of one or more time-consuming operations in at least
some of said plurality of rules, and for establishing said rule
check runset order such that a first said rule that omits said one
or more time-consuming operations 1s assigned a high rank wvalue,
and a second rule including said one or more tTime-consuming
operations 1s assigned a low rank value, whereby said first rule is

arranged ahead of said second rule in said rule check runset order.

4. The DRC tool of Claim 1, wherein said means for
generating said design layout workspace comprises:

means for transferring a first plurality of cells into said
design layout workspace at a first time, said first plurality of
cells collectively defining at least a portion of said IC layout

design at said first time;
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means for identifying and deleting from said design layout
workspace one or more pre-designated cells of the first plurality
of cells at a second time, whereby said design layout workspace at
sald second time includes a second plurality of cells comprising a
subset of said first plurality of cells;

means for identifying one or more problematic cells in said
remaining plurality of cells, each problematic cell of said one or
more problematic cells being characterized by having associated
size and location data that violates one or more cell placement
rules, and for conditionally removing said one or more problematic
cells from said design layout workspace at a third time, whereby
sald design layout workspace at said third time includes said

plurality of designated cells.

5. The DRC tool of Claim 1,

wherein each cell of said associated plurality of cells is
characterized by associated location data identifying a relative X-
Y location of said each cell in said early-stage IC layout design,
and

wherein the DRC tool further comprisesmeans for generating
sald error information upon termination of said rule check
processing, said error information including graphic error data
indicating each designated cell having at least one said rule
violation by a corresponding dot, each said dot being relatively
positioned at an X-Y location corresponding to the relative X-Y

location of said corresponding designated cell.

6. A design rule checking (DRC) tool configured to performed
DRC processing that identifies layout errors in an early-stage
integrated circuit (IC) layout design corresponding to an IC device
by analyzing said early-stage IC layout design using a plurality of

rules, and by generating error information suitable for correcting
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the layout errors, thereby facilitating the efficient generation of
a finished layout design that is suitable for producing masks used
in the fabrication of the IC device, the DRC tool comprising:

means for generating a design layout workspace including a
plurality of designated cells that collectively define said early-
stage IC layout design; and

means for performing a plurality of rule check processes, each
rule check process including analyzing a selected current cell of
sald plurality of designated cells in said design layout workspace
using a sequentially selected current rule of said plurality of
rules, and recording an associated rule violation when said
selected current cell violates said selected current rule, wherein
performing said plurality of rule check processes includes
sequentially selecting said current rule from said plurality of
rules such that a first said rule check process is performed using
a first rule of said plurality of rules as a selected first said
current rule on at least some of the cells in said design layout
workspace, and then a second rule check process is performed using
a second rule of said plurality of rules as a selected second said
current rule,

wherein said means for performing a plurality of rule check
processes includes means for terminating said first rule check
process when a first rate of rule violations of said selected first
current rule exceeds a predetermined maximum error rate value, and
for initiating said second rule check process using said selected
second current rule before at least some of said cells in said
design layout workspace have been checked using said selected first

current rule.

7. The design rule checking tool of Claim 6, further
comprising means for identifying a problematic layout region when a

second rate of rule violations generated during said second rule
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check process exceeds said predetermined maximum error rate value,
and for suspending a group of cells of said plurality of cells that
are associated with said problematic layout region from subsequent

rule check processing.

8. The design rule checking tool of Claim 6, further
comprising means for generating a rule check runset order by
automatically assigning a rank value to each rule of said plurality
of rules,

wherein said means for performing a plurality of rule check
processes further comprises means for sequentially selecting said
first current rule and said second current rule based on said rule

runset order.

9. The DRC tool of Claim 8, wherein said means for
generating a rule check runset order includes means for
anticipating an associated anticipated rule execution time duration
for each rule of said plurality of rules, and for establishing said
rule check runset order based on said anticipated execution time
duration such that a first said rule having a relatively short
anticipated rule execution time duration is assigned a high rank
value, and a second rule having a relatively long anticipated rule
execution time duration is assigned a low rank value, whereby said
first rule is arranged ahead of said second rule in said rule check

runset order.

10. The DRC tool of Claim 8, wherein said means for
generating a rule check runset order includes means for identifying
the presence of one or more time-consuming operations in at least
some of said plurality of rules, and for establishing said rule
check runset order such that a first said rule that omits said one

or more time-consuming operations 1s assigned a high rank wvalue,
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and a second rule including said one or more tTime-consuming
operations 1s assigned a low rank value, whereby said first rule is

arranged ahead of said second rule in said rule check runset order.

11. The design rule checking tool of Claim 8, further
comprising means for terminating said plurality of rule check
processing when one of (a) a total DRC processing time exceeds a
predetermined maximum processing time period, and (b) a total
number of said rule violations exceeds a predetermined maximum

error limit value.

12. The DRC tool of Claim 6, wherein said means for
generating said design layout workspace comprises:

means for transferring a first plurality of cells into said
design layout workspace at a first time, said first plurality of
cells collectively defining at least a portion of said IC layout
design at said first time;

means for identifying and deleting from said design layout
workspace one or more pre-designated cells of the first plurality
of cells at a second time, whereby said design layout workspace at
sald second time includes a second plurality of cells comprising a
subset of said first plurality of cells; and

means for identifying one or more problematic cells in said
remaining plurality of cells, each problematic cell of said one or
more problematic cells being characterized by having associated
size and location data that violates one or more cell placement
rules, and for conditionally removing said one or more problematic
cells from said design layout workspace at a third time, whereby
sald design layout workspace at said third time includes said

plurality of designated cells.
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13. The DRC tool of Claim 6, further comprising means for
generating said error information upon termination of said
plurality of rule check processes such that said error information

includes data identifying said terminated first rule check process.

14. The DRC tool of Claim 13, wherein each cell of said
associated plurality of cells is characterized by associated
location data identifying a relative X-Y location of said each cell
of said plurality of cells, and

wherein saidmeans for generating said error information
further includes means for generating graphic error data depicting
each designated cell having at least one said rule violation by a
corresponding dot, each said corresponding dot being relatively
positioned at an X-Y location corresponding to the relative X-Y

location of said corresponding designated cell.

15. A design rule checking (DRC) tool configured to
performed DRC processing that identifies layout errors in an early-
stage integrated circuit (IC) layout design corresponding to an IC
device by analyzing said early-stage IC layout design using a
plurality of rules, and by generating error information suitable
for correcting the layout errors, thereby facilitating the
efficient generation of a finished layout design that is suitable
for producing masks used in the fabrication of the IC device, the
DRC tool comprising:

means for generating a design layout workspace including a
plurality of designated cells that collectively define said early-
stage IC layout design;

means for identifying removing from said design layout
workspace one or more problematic cells of said plurality of
designated cells, each said problematic cell being characterized by

having associated size and location data that violates one or more
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cell placement rules, whereby said design layout workspace includes
a remaining plurality of cells after removal of said one or more
problematic cells;

means for performing a plurality of first-pass rule check
processes, each said first-pass rule check process including
analyzing a current cell selected only from said remaining
plurality of remaining cells in said design layout workspace using
a selected current rule of said plurality of rules, and recording
an associated rule violation when said selected current cell
violates said selected current rule; and

means for generating said error information upon termination
of said rule check processing, said error information including
first error data indicating each said rule violation occurring
during said plurality of first-pass rule check processes, and said
error information also including second error data identifying the

erroneous placement of each of said one or more problematic cells.

16. The design rule checking tool of Claim 15, further
comprising means for performing a plurality of second-pass rule
check processes after completion of said plurality of first-pass
rule check processes, each said second-pass rule check process
including analyzing a selected problematic cell of said one or more
problematic cells using said plurality of rules, and recording an
associated rule violation when said selected problematic cell

violates one of said plurality of rules.

17. The design rule checking tool of Claim 15, further
comprising means for generating a rule check runset order by
automatically assigning a rank value to each rule of said plurality
of rules,
wherein said means for performing a plurality of rule check

processes further comprises means for sequentially selecting said
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first current rule and said second current rule based on said rule

runset order.

18. The DRC tool of Claim 15, wherein each cell of said
associated plurality of cells is characterized by associated
location data identifying a relative X-Y location of said each cell
of said plurality of cells, and

wherein saidmeans for generating said error information
further includes means for generating graphic error data indicating
each designated cell having at least one said rule violation by a
corresponding dot, each said dot being relatively positioned at an
X-Y location corresponding to the relative X-Y location of said

corresponding designated cell.

19. The design rule checking tool of Claim 15, wherein said
means for performing said plurality of first-pass DRC processes
further comprises means for identifying one or more neighboring
cells that are disposed adjacent to previously designated said
problematic cells and violate one or more of said first-pass rule
check processes, and for re-designating said one or more
neighboring cells as problematic cells such that said one or more
neighboring cells are omitted from subsequent first-pass rule check

processes.

20. A design rule checking (DRC) tool configured to performed
DRC processing that identifies layout errors in an early-stage
integrated circuit (IC) layout design corresponding to an IC device
by analyzing said early-stage IC layout design using a plurality of
rules, and by generating error information suitable for correcting
the layout errors, thereby facilitating the efficient generation of
a finished layout design that is suitable for producing masks used

in the fabrication of the IC device, wherein each cell of said
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associated plurality of cells is characterized by associated
location data identifying a relative X-Y location of said each cell
of said plurality of cells, the DRC tool comprising:

means for generating a design layout workspace including a
plurality of designated cells that collectively define said early-
stage IC layout design;

means for performing a plurality of rule check processes, each
rule check process including analyzing a selected current cell of
sald plurality of designated cells in said design layout workspace
using a sequentially selected current rule of said plurality of
rules, and recording an associated rule violation when said
selected current cell violates said selected current rule, wherein
performing said plurality of rule check processes includes
sequentially selecting said current rule from said plurality of
rules such that a first said rule check process is performed using
a first rule of said plurality of rules as a selected first said
current rule on at least some of the cells in said design layout
workspace, and then a second rule check process is performed using
a second rule of said plurality of rules as a selected second said
current rule, and

means for generating said error information upon termination
of said plurality of rule check processes such that said error
information includes graphic error data depicting each designated
cell having at least one said rule violation by a corresponding
dot, each said corresponding dot being relatively positioned at an
X-Y location corresponding to the relative X-Y location of said

corresponding designated cell.

21. The design rule checking tool of Claim 20, wherein said
means for generating said error information comprises means
limiting the number of displayed dots for a selected layer by way

of at least one of:
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including at least one said displayed dot in every region
(block) of the selected layer that includes at least one rule
violation; and

selectively omitting dots such that said displayed dots are

uniformly distributed across the said graphic error data display.

22. A design rule checking tool for identifying layout errors
in an early-stage integrated circuit (IC) layout design
corresponding to an IC device, and for providing error information
suitable for correcting the layout errors and producing a modified
layout design suitable for producing masks used in the fabrication
of the IC device, the design rule checking tool comprising:

means for writing the early-stage integrated circuit (IC)
layout design into a design rule check (DRC) workspace including a
plurality of layers, each said layer including a plurality of
cells, wherein said plurality of cells and plurality of layers
define said early-stage IC layout design;

means for identifying and marking previously analyzed cells in
a selected layer of the plurality of layers such that previously
un-analyzed cells in the selected layer remain unmarked; and

means for performing DRC processing on the selected layer such

that said DRC processing is only performed on said unmarked cells.
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