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METHOD AND SYSTEM FOR REDUCING INTER-LAYER CAPACITANCEIN
INTEGRATED CIRCUITS

FIELD OF THE INVENTION 

{0001] The present invention generally relates to the field of integrated circuit
fabrication, and particularly to a method for reducing inter-layer capacitance through
dummyfill methodology.

BACKGROUND OF THE INVENTION

(0002] In any integrated circuit, there is an inevitable capacitance that is introduced from
electromagnetic interaction between electrical conductors, such as interconnect layers
(metals). There are two components of such capacitance, a bulk (area) component and a
fringe (peripheral) component. The bulk componentis proportional to the overlap area of
interconnect layers and the fringe component dependson the separation and the perimeter
of adjacent interconnect layers. Referring now to FIG. 1, the bulk capacitance 102 and
the fringe capacitance 104 between Metal 1 and Metal 2 of an exemplary integrated
circuit 100 are shown. The bulk capacitance generated due to the overlap of signal
carrying lines on Metal 1 and Metal 2 may not be easily avoided since the placement of
signal carrying lines is dictated by circuit functionality. However, the bulk capacitance
introduced dueto the overlap of non- signal carry lines may be reduced by changing the

placementof non-signalcarry lines.

{0003} An example of non-signal carry lines includes “dummy”fills which are utilized to
even the topography and pattern density across the chip, prevent etch, or the like.
“Dummy”fills refer to additional features to an integrated chip layout. In a typical
integrated chip layout, there are unused areas onalayerafter the signal, power and clock
segments have been routed. These unusedareas can be large enoughsuchthat additional
features (metals) should be added to satisfy minimum metal coverage requirements for
manufacturing. The "dummy" fills may be added to the unused areas such that
subsequentlayers on the integrated circuit are substantially planar.

LSI 04-0800 1



(0004) For example, a dummy fills methodology is utilized in chemical mechanical

polishing or planarization (CMP) process. Often, the planer profile resulting from the

CMPprocess is dependent on the pattern density of the underlying layer. The density

may vary and thus result in CMP planer profile variation. Such CMP planer profile
variation may be reduced by employing the dummy fills methodology. In particular,

dummyfills (dummyfeatures) are inserted into a wafer prior to the CMPprocessso asto

make the pattern density more uniform in IC chips. Uniform feature density improves

wafer-processing uniformity for certain operations such as CMP. Dummy fills are

typically placed according to conventional dummyfills methodologies that locate dummy
fills where space is available. However, the conventional dummyfills methodologies

allow a large planer profile variation. Some sophisticated dummyfills methodologies are

utilized to reduce the large planerprofile variation by selectively inserting dummyfills to

achieve an effective density to within a predeterminedrange.

{0005} While most dummy fills methodologies have focused on uniform feature density,
the problems created by the inserted dummyfills such as adverse effects on the electric

field, unwanted bulk capacitance, and the like have not been addressed. Further, the

existing dummyfill methodologies treat each layer independently whichresults in a large

overlap over dummyfill areas on successive layers. Referring now to FIG. 2, the overlaps
206 between Metal 1 dummyfill area 202 and Metal 2 dummyfill area 204 are shown.If

the overlaps 206 are large, the unwanted bulk capacitance may be increased, thereby

slowing down signals in the circuit and adversely affecting timing.

{0006} Therefore, it would be desirable to provide a method and system of intelligent

dummyfill placementto reduceinter-layer capacitance caused by overlaps of dummyfill
area on successive layers. It would be also desirable to provide a method and system for

LSI 04-0800 2



treating each consecutive pair of layers together whenthe intelligent dummyfilling

placementis performed.

SUMMARYOF THE INVENTION

[0007] Accordingly, the present invention provides a method and system for reducing

inter-layer capacitance utilizing an intelligent dummyfilling placement in integrated

circuits.

[0008] Ina first aspect of the present invention, a system for locating dummyfill features

in an integrated circuit fabrication process is provided. The system may comprise an

input for obtaining circuit layout information which provides initial signal lines on

layers of the integrated circuit. The system maytreat each successive pair of layers (a

first layer and a second layer) together. The system may comprise a means for defining

dummyfill features including small squares within the dummyfill space. The dummyfill

spaces are suitable to have dummyfill features inserted. The dummy fill spaces may

include areas where dummypatterns are intended to be placed onthefirst layer and the

secondlayer. Then, the system mayassign alternating dummyfill features to each layer

in order to avoid overlaps between dummyfill features on each layer.

(0009) In a second aspect of the present invention, a method of placing dummyfill

patterns to minimizeinter-layer capacitance in an integrated circuit fabrication processis

provided. The integrated circuit may include many interconnect layers (metals). The

method may treat each consecutive pair of layers (a first layer and a second layer)

together. Layout information of the integrated circuit may be obtained to determine an

initial dummy fill space for a first layer and a second layer. Whether there are overlaps
betweentheinitial dummyfill space on the first layer and the initial dummyfill space on

the second dummyfill space may be determined. If the overlaps are found and avoidable

by re-arranging dummyfill patterns, a first dummyfill pattern and a second dummyfill

pattern maybe re-arranged to minimizethe overlaps.
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[0010] Additionally, the first dummy fill pattern may be placed to form a checkerboard
pattem. If the first layer is already arranged in the form of a checkerboard pattern, the
first dummy fill pattern may not be re-arranged. Then, the second dummyfill pattern
maybe placed to form a checkerboard pattern so as to be offset from the first dummy fill
pattern. In this manner, each of the dummy fill features on the first layer may not be
placed directly above dummy fill features on the second layer. Consequently, the
unwanted bulk capacitance introduce by the dummyfill may be reduced and thus the

inter-layer capacitance is minimized.

(o011] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are notrestrictive
of the invention as claimed. The accompanying drawings, which are incorporated in and

constitute a part of the specification, illustrate an embodiment of the invention and
together with the general description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The numerous advantages ofthe present invention may be better understood by
those skilled in the art by reference to the accompanying figures in which:

FIG. 1 is an illustration of fringe and bulk capacitance components in an

exemplary integrated circuit having Metal 1 and Metal 2 layers;
FIG.2 is an illustration of layout image showing overlaps of dummy fill areas of

Metal 1 and Metal 2 layers in FIG.1;

FIG.3 is a flow diagram illustrating a method implementedin accordance with an

exemplary embodiment of the present invention wherein two consecutive layers are
treated;

FIG. 4 is a top view of a layer showing a checkerboard pattern formed by the
method described in FIG.3;
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FIG. 5 is a top view of two layers showing an alternative pattern with which the

present invention can be embodied; and
FIG.5 is a cross-sectional view of two layers showing offset dummy fill features

inserted by the method described in FIG.3.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Reference will now be made in detail to the presently preferred embodiments of
the invention, examples of whichareillustrated in the accompanying drawings.

(0014) Referring generally now to FIGS. 3 through 5, exemplary embodiments of the
present invention are shown.

[0015] The present invention is directed to a method and system ofintelligent dummy
filling placement to reduce inter-layer capacitance caused by overlaps of dummy fills on
successive layers. Generally, dummyfill refers to the addition of features to a layout for
the purpose of raising the density of specific regions on the layout of the integrated
circuit. The method and system treats each consecutive pair of layers together so as to
minimize the overlaps of dummyfills between each layer. In particular, dummy fill
features on each layer may beplaced in a checkerboard pattern to avoid overlaps. As
such, the present invention may eliminate large overlap areas of the dummy fills on
consecutive layers by utilizing intelligent dummy fill placement. In the following
description, numerousspecific descriptions are set forth in order to provide a thorough
understanding of the present invention.It should be appreciated by those skilled in the art
that the present invention may be practiced without someorall of these specific details.
In some instances, well known process operations have not been described in detail in-
order to prevent obscurity of the present invention.

{0016] Referring now to FIG. 3, a flow diagram 300 illustrating a method implemented
in accordance with an exemplary embodimentofthe present invention wherein a dummy

LSI 04-0800 5



fill process is performed on each layer of an integrated circuit is shown. Generally, an
integrated circuit fabrication process involves a series of layering processes in which
metallization, dielectrics, and other materials are applied to the surface of a
semiconductor wafer to form a layered interconnected structure (an interconnectlayer).
The integrated circuits generally include inter-layered circuits comprising a plurality of
metal lines across multiple layers that are interconnected by metal-filled vias. The
method begins in step 302 in which a first layer and a second layer are selected for
dummyfill process. The first layer and the second layer are a consecutive pair of layers
of the IC.

(0017) Generally, dummy fills are utilized to improve planer profile uniformity by
helping to level the feature density across the layout during an integrated circuit
fabrication process. For example, dummy fills are utilized in chemical mechanical
polishing or planarization (CMP)process. Often, the planer profile resulting from the
CMPprocessis dependent on the pattern density of the underlying layer. The dependency
may vary and thus offset the CMPplaner profile variation. Such variation may be
reduced by employing the dummy fills methodology. In particular, dummyfills (dummy
features) are inserted into a wafer prior to the CMPprocess so as to make the pattern
density more uniform in IC chips. Uniform feature density improves wafer-processing
uniformity for certain operations such as CMP. Placement of the dummyfills is typically
made according to conventional dummy fill methodologies that locate the uniform-
densities dummy where spaceis available. However, the inserted dummy fills may create
problemssuch as adverse effects on the electric field, unwanted bulk capacitance, and the
like.

[0018] In Step 304, the original (initial) dummyfill spaces of the first layer and the
second layer may be obtained based on layout information. The layout information may
be provided by a user, an IC fabrication process system, a CAD tool, or the like. The
original dummyfill space may snclude areas where dummyfill patterns are intended to be
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placed on layers. Then, in Step 306, whether there is any overlap betweenthe original
dummyfill space ofthe first layer and the original dummyfill space of the second layer
may be determined. The overlaps of dummy fill areas between the first layer and the
second layer are undesirable since the unwanted bulk capacitance maybe introduced by
the overlaps. Thus, in step 308, whether the overlap can be avoided by re-arrangement of
dummy features may be checked. Then, dummyfill patterns on the first layer and the
second layer may be re-arranged to minimize the overlaps in Step 310. In a particular
embodimentof the present invention, a grid (composed of small squares) may be defined
within the dummyfill spaces. The method may assign alternating squares (dummy fill
features) in the grid to each layer. In this manner, dummy fill features on the first layer
are not placed directly above the ones on the secondlayer but offset from each other.It is
to be noted that the dummy fill features may be placed to form various predefined

patterns designed to prevent overlaps on adjacent layers. Referring now to FIG. 4, an
exemplary top view of a layer showing a checkerboard pattern formed by the present
invention is shown. As shown in FIG. 4, dummyfill features placed in a checkerboard

pattern may avoid overlap, thereby reducing the bulk capacitance component of the total
capacitance. Preferably, the dummy fill features are placed to form a checkerboard
pattern. Referring now to FIG. 5, an exemplary top view of two layers showing a
different pattern with which the present invention can be embodied is shown.

[0019] Referring backto FIG.3, if there is no overlap found, the method may proceed to
check whether all interconnect layers in the IC have been treated in Step 312. If all
interconnect layers have been treated, the method may finish the dummy fill pattern
placementin step 314.If all interconnect layers have not beentreated, the method may
proceed to step 302 byselecting the next pair of consecutive layers.

{0020} Additionally, the method may check whetherthefirst layer is already arranged in
the form of a checkerboard.Ifthe first layer includes dummyfill pattern in the form of a
checkerboard, the dummyfill pattern on first layer may not be re-arranged. The dummy
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fill pattern on the second layer may be re-arranged to form a checked board pattern by
offsetting against the dummyfill pattern on the first layer.

j0021] One ofskill in the art will appreciate that there are various ways to check the form
of the dummyfill pattern. In a particular embodiment, numbers may be assigned to
dummy features in order to check whether the dummyfill pattern is already in the form
of a checkerboard pattern. For example, a dummy feature may have a row number, a
column number, and a layer number. The dummy fill pattern may be checked by
implementation of a simple Boolean check as follows: Pattern checking number = row
number + column number + layer number. Each dummy feature may have a pattern
checking number. The numbering schemefor the simple Boolean check may be assigned
such that the pattern checking number is always odd for given row number, column
number and layer number. As such, the dummy fill features on the first layer and the
second layer are placed on alternating row and column combinations. Additionally, the
simple Boolean check may be utilized to determine whether to re-arrange dummy
features on the layer.

[0022] In FIG. 6, a cross-sectional view 600 of two layers showing offset dummy fill
features inserted by the present invention is shown. The first dummy features 602, 604 is
arranged to offset the second dummy features 606-610. The checkerboard style layout of
the dummyfill pattern prevents situations in which dummy patterns on successive layers
overlap, thereby increasing parasitic capacitance of the circuit by adding bulk (area)
capacitance of the chip in proportion to the overlap area of the dummy patterns on
consecutive layers. By offsetting the dummypatterns in a checkerboard fashion,the large
bulk capacitance component may be eliminated. As a result, the total capacitance for an
integrated circuit may be reduced.

[0023] Generally, the total capacitance for an integrated circuit composed of interconnect
layers (metals) may be given by:
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C totaL = C putk t+ C FRINGE

where C puLk = Bulk intra-layer capacitance (bulk capacitance of metal lines on the same
layer) + Bulk inter-layer Capacitance (bulk capacitance of metal lines on adjacent layers)
and

C rrnce= Fringe intra-layer capacitance (fringe capacitance of metallines on the same
layer) + Fringe inter-layer Capacitance (fringe capacitance of metal lines on adjacent
layers).

[0024] In a particular embodimentof the present invention, the above-described method
and system may be implemented through various commercially available polygon
manipulation languages. An example of the commercially available polygon
manipulation languages may include, but are not limited to, Mentor Graphics® Calibre®,
Synopsys® Hercules® or the like.

{0025} It should be noted that the method and system of the present invention may be
utilized for wafer processing operations such as CMP. However, the method and the
system of the present invention may be utilized for any suitable integrated circuit
fabrication process.

[0026] In the exemplary embodiments, the methods disclosed may be implemented as
sets of instructions or software readable by a device. Further, it is understood that the
specific order or hierarchy of steps in the methods disclosed are examples of exemplary
approaches. Based upon design preferences,it is understood that the specific order or
hierarchy of steps in the method can be rearranged while remaining within the scope and
spirit of the present invention. The accompanying method claims present elements of the
various steps in a sample order, and are not necessarily meantto be limited to the specific
order or hierarchy presented.
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{0027} It is believed that the method and system of the present invention and manyofits
attendant advantages will be understood by the forgoing description. It is also believed
that it will be apparent that various changes may be madein the form, construction and
arrangement of the components thereof without departing from the scope and spirit of the
invention or without sacrificing all ofits material advantages. The form herein before
described being merely an explanatory embodiment thereof. It is the intention of the
following claims to encompass and include such changes.
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CLAIMS

What is claimedis:

1. A method for placing dummy fill patterns in an integrated circuit fabrication
process, comprising:
obtaining layout information of the integrated circuit, the integrated circuit

including a plurality of layers;
obtaining a first dummyfill space forafirst layer based on the layout information,
obtaining a second dummy fill space for a second layer, the second layer being

placed successively to the first layer;
determining an overlap between the first dummyfill space and the second dummy

fill space; and

minimizing the overlap by re-arranging a plurality offirst dummyfill features and
a plurality of second dummyfill features,

wherein the first dummyfill space includes non-signal carrying lines on the first
layer and the second dummy fill space includes non-signal carrying lines on the
second layer.

The method as described in Claim 1, wherein the plurality of first dummy fill
features forms a grid within the first dummy fill space.

The method as described in Claim], wherein the plurality of second dummy fill
features forms a grid within the second dummyfill space.

The method as described in Claim 1, wherein the first dummy fill space is
determined based onalocalpattern density for the first layer.

The method as described in Claim 1, wherein the second dummyfill space is
determined based ona local pattern density for the secondlayer.
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10.

11.

12.

The method as described in Claim 2, wherein the grid includesaplurality of
squares.

The method as described in Claim 1, the minimizing the overlap step further
comprising:

determining whether the plurality of first dummy fill features form a
predefined pattern; and

re-arranging the plurality of first dummy fill features to form the
predefined pattern if the plurality of first dummy fill features are not arranged in
the predefined pattern.

The method as described in Claim 7, further comprising:
re-arranging the plurality of second dummy fill features based on the

plurality of first dummy features if the plurality of first dummy fill features are
already arranged in the predefined pattern.

The method as described in Claim 8, wherein the plurality of second dummy fill
features are re-arranged so as to beoffset from the plurality of first dummy fill
features.

The method as described in Claim 7, wherein the predefined pattern is a
checkerboard pattern.

The method as described in Claim 1, wherein a total bulk capacitance is
minimized.

The method as described in Claim 11, wherein the total bulk capacitance includes
a bulk inter-layer capacitance.
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13. The methodas described in Claim 11, wherein the bulk inter-layer capacitanceis
a bulk capacitance created by overlaps between the first layer and the second
layer.
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14.|A system forintelligent placement of dummyfill patterns in an integrated circuit
fabrication process, comprising:

means for obtaining layout information of the integrated circuit, the
integrated circuit including a plurality of layers;

meansforselecting a first layer and a secondlayer,

wherein the secondlayer is placed successively to the first layer;
meansfor obtaining initial layouts of metal lines on thefirst layer and the

second layer,

means for determining a first dummyfill space based onthe initial layout
on the first layer, the first dummy fill space suitable for including a plurality of
dummyfill features onthefirst layer;

means for determining a second dummy fill space based on the initial
layout on the second layer, the second dummyfill space suitable for including a
plurality of dummyfill features on the secondlayer;

means for determining an overlap between the first dummyfill space and
the second dummyfill space; and

means for minimizing the overlap by arranging the plurality of first
dummyfill features and the plurality of second dummy fill features,
wherein the integrated circuit includes the first layer and the secondlayer.

15.|The system as described in Claim 14, the means for minimizing the overlap
further comprising:

meansfor determining whether a dummy fill pattern ofthe first layer is a
checkerboard pattern; and

means for placing the plurality of first dummyfill features to form the
checkerboard pattern if the dummy fill pattern ofthe first layer is not arranged in
the checkerboard pattern.
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16.

17.

18.

19.

20.

The system as described in Claim 14, further comprising:
means for placing the plurality of second dummy fill features based on the
dummyfill pattern of the first layer if the dummyfill pattern of the first layer is
already the checkerboardpattern.

The system as described in Claim 16, wherein the plurality of second dummyfill
features are placed so as to form an alternate checkerboard pattern against the
checkerboard pattern ofthe plurality of first dummyfill features.

The system as described in Claim 16, wherein the plurality of second dummyfill
features are placed so as to be offset from the plurality of first dummy fill
features.

The system as described in Claim 14, wherein a total bulk capacitance of the
integrated circuitis minimized.

A method of filling dummy patterns for pattern density equalization in an
integratedcircuit fabrication process, comprising:

obtaining a local density pattern of a first layer, the local density pattern
obtained based on an initial layout design of the integrated circuit;

determining a secondlayer, the second layer being placed successively to
the first layer;

obtaining a local density pattern of the second layer, the local density
pattern obtained based ontheinitial layout design of the integrated circuit;

designing a plurality of dummy fill features on the first layer and the
second layer, the plurality of dummyfill features being suitable for increasing
pattern density in low density spaces on thefirst layer and the secondlayer;

determining whether there is an overlap between the plurality of dummy
fill features on the first layer and the plurality of dummy fill features on the
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21.

22.

23.

24.

second layer; and

minimizing the overlap by re-arranging the plurality of dummy fill
features on thefirst layer and the secondlayer,

wherein a total inter-layer capacitance of the integrated circuit is
minimized.

The method as described in Claim 20, the minimizing the overlap step further
comprising:

determining whether the plurality of first dummy fill feature form a
checkerboard pattern; and

placing the plurality of first dummy fill features to form the checkerboard
pattern base through a mathematical check if the plurality of first dummy fill
features are not a form of the checkerboardpattern,

wherein the mathematical check is applied to numeric values of each of
the plurality of first dummy fill features and the numeric values of each of the
plurality of first dummy fill features are determined based on the location on the
checkerboard pattern.

The method as described in Claim 20,further comprising:
placing the plurality of second dummy fill features based on an

arrangement of the plurality of first dummy features if the plurality of first
dummyfill features form a checkerboard pattern.

The method as described in Claim 22, wherein the plurality of second dummy fill
features are placed so as to form an alternate checkerboard pattern against the
checkerboard pattern ofthe plurality of first dummyfill features.

The methodas described in Claim 22, wherein the plurality of second dummy fill
features are placed so as to beoffset from the plurality of first dummy fill
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features.

25. The method as described in Claim 20, further comprising:
placing the plurality of second dummy fill features to form the

checkerboard pattern base through a mathematical check,
wherein the mathematical check is applied to numeric values of each of

the plurality of second dummyfill features and the numeric values of each of the
plurality of second dummy fill features are determined based on the location on
the checkerboard pattern.
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METHOD AND SYSTEM FOR REDUCING INTER-LAYER CAPACITANCEIN
INTEGRATED CIRCUITS

ABSTRACT

[0028] The present invention is directed to a method and system of intelligent dummy
filling placementto reduce inter-layer capacitance caused by overlaps of dummyfilling
area on successive layers. The method and system treats each consecutive pair of layers
together so as to minimize dummyfilling overlaps between each layer. In particular,
dummy fill features on each layer may be placed in a checkerboard pattern to avoid
overlaps. As such, the present invention may eliminate large overlap area of the dummy
patterns on consecutive layers by utilizing intelligent dummyfilling placement.
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Abstract— To improve manufacturability and per-
formance predictability, we seek to make a layout uni-
form with respect to prescribed density criteria, by
inserting “fill? geometries into the layout. Previous
approachesforflat layout density control are not scal-
able due to the necessity of solving very large linear
programs, the large data volume of the solution, and
the impact of hierarchy-breaking on verification. In
this paper, we give the first methods for hierarchical
layout density control for process uniformity. Our ap-
proach trades off naturally between runtime, solution
quality, and output data volume. Wealso allow gen-
eration of compressed GDSII of fill geometries. Our
experiments show that this hybrid hierarchical fill-
ing approach saves data volume andis scalable, while
yielding solution quality that is competitive with ex-
isting Monte-Carlo and linear programming based ap-
proaches.

I. INTRODUCTION

To improve manufacturability and performance pre-
dictability, modern design methodologies must make lay-
outs uniform with respect to feature density criteria, by
inserting “dummy fill” geometries into layouts. Accord-
ing to [1], the so-called Filling Problem maybedefined as
follows:

The Filling Problem: Given a design rule-correct lay-
out in an n x n layout region, along with a window size
w <n, and upper (U) and lower (L) bounds on the fea-
ture density in any window, add dummy fill geometries to
createafilled layout such that either:

e (Min-Var Objective) the variation in window density
(i.e., maximum window density minus minimum win-
dow density) is minimized while the window density
does not exceed the given upper bound U; or
_

* his research was supported by a grant from Cadence De-
sign Systems, Inc., by the MARCO/DARPAGigascaleSilicon Re-
search Center, by a Packard Foundation Fellowship, by a National
Science Foundation Young Investigator Award (MIP-9457412), by
NSF grant CCR-9988331, and by a GSU Research Initiation Grant.

e (Min-Fill Objective) the numberof inserted fill ge-
ometries is minimized while the density of any win-
dow remains in the given range (L,U)."

Literature on dummy fill has focused on chemical-
mechanical polishing (CMP)ofspin-on glass (SOG)inter-
layer dielectrics (ILD) [6] [8] [13]. Post-polish ILD thick-
ness variation is kept within acceptable limits by con-
trolling local feature density, relative to a process-specific
“window size” (on the order of 1-3mm), that depends on
CMPpad material, slurry composition, and other factors
[3]. We observe that the 1999 International Technology
Roadmap for Semiconductors [9] added copper intercon-
nect dishing to the fundamental roadmap parameters for
interconnect. (The 2000 ITRS will add copper intercon-
nect thinning in CMP to the fundamental parameters.)
So, density-mediated process variation has becomea first-
order concern for interconnects.

Applications of dummy fill on device layers (diffusion,
poly, thin-ox) are equally (or more)critical. Isolated tran-
sistors are susceptible to contact overetch in reactive ion
etch (RIE) process steps, which results in leakage. Chem-
ical vapor deposition steps are also subject to iso-dense
variations. CVD and etch process variation are particu-
larly troubling with respect to today’s lightly-doped drain
(LDD) device properties. The complex effects of these
process variations are well-known, e.g., Garofalo et al.
[4] document 10% error in interline capacitance result-
ing from a 5% variation in linewidth, and 12% error in
ring oscillator frequency solely from proximity effects. At
the same time, it is also well-known that the uniformity
of feature density obtained via dummy fill can mitigate
macroscopic process proximity effects such as contact etch
variation in reactive ion etch, and nonuniformity of chem-
ical vapor deposition.

Dummyfill creates a number of critical flow issues, in-
cluding:
_

lThe Min-Var objective was introduced in [5], and captures the
“manufacturing side” of the Filling Problem by seeking the most
uniform density distribution possible. The Min-Fill objective was
introduced in [12], and captures the “design side” by seeking to min-
imizetotal coupling capacitance and uncertainty caused by dummy
fill. Minimizing dummy fill has the side benefit of reducing the
complexity of the output GDSII.



e physical design and verification must understand
the dummy fill in order to estimate RC parasitics,
gate/interconnect delays, and even device reliability;

e master cell and macro characterizations (perfor-
mance models) mustbe a priori compatible with later
insertion of dummy fill; and

e dummyfill must be consistent with design hierarchy
so as not to break verification or data capacity.

The first issue applies to dummy fill on interconnect
layers, which have non-hierarchical layouts (with excep-
tion of memories, and logic M1 with certain combinations
of cell library and routerstyles). The second issue can be
avoidedby judicious “buffer distance” rules for dummyfill
insertion (i.e., dummyfill is restricted to locations where
it does not changeelectrical performance). In this paper,

_ we focus on the third issue: dummyfill generation thatis
consistent with hierarchy-related requirements.

Hierarchy arises in both custom and semi-custom de-
sign flows. In custom design, hierarchy is mostly for
managementof the decomposition of the design problem.
In semi-custom design, hierarchy is associated more with
reuse of standard cells, whose layouts include device layers
andlocal interconnect, or IP blocks. The key observation
is that hierarchical designs become difficult to verify when
flattened. Hence, hierarchical dummy filling can enable
simpler and faster verification of the filled layout, since
verification can still follow the original hierarchy. Hierar-
chicalfilling can also decrease data volume for standard-
cell designs. (In general, data volumeis a big issue for
dummy fill since a filling solution can consist of many
millions of tiny geometries.) Thus, hierarchical fill gen-
eration is an emerging requirement for future commercial
EDAtools [10].

Our present work investigates approaches and trade-
offs inherent in filling master cells rather than individ-
ual instances. We consider hierarchical filling as a post-
processing step performed (on device layers) after place-
ment. When router access to local interconnect (salicide)
and M1 layersis strongly restricted? then hierarchical fill-
ing may be performed after routing as well. Hierarchical
filling faces obvious difficulties:

e when dummyfill is inserted into a master cell, it must
satisfy density constraints in all contexts for instan-
tiations of the master;

e there are manyinteractions or interferences at master
cell boundaries and at distinct levels of the hierarchy;

e solution quality in terms of either the Min-Var or
Min-Fill objective will be worse for hierarchical solu-
tions than flat solutions, simply because the former
are more constrained; and

e hierarchicalfilling explodes the number of constraints
in linear programming formulations, and thus cannot
use the LP techniques which have been successful for
flat filling [5] (12]._

2B.g., Cadence and Avant! gridded routers are often restricted
to well-defined pin availabilities at points of the routing grid.

The main contribution of this paper is a new proposed
hierarchical filling algorithm which mitigates these draw-
backs. Our approach is based on hybridizing hierarchical
filling techniques with a flat filling postprocessor, in a way
that smoothly trades off (in a user-controlled manner) the
efficiency of the former with the accuracy of the latter.

The remainder of this paper is organized as follows.
Section II reviews the various models for density calcu-
lation for CMP and previous approachesfor solving the
flat Filling Problem, including linear programmingfor-
mulations and the Monte-Carlo approach. Wegive the
formulation of the Hierarchical Filling Problem and our
proposed solution to it in Section III. Finally, computa-
tional results of our proposed hierarchical fill approach, as
compared with results for flattened hierarchical designs,
are reported in Section IV.

Il. Previous Work ON DUMMY FILL SYNTHESIS

A computationally efficient model for CMP of oxide
planarization proposedin [8] is based on the determina-
tion of the effective initial pattern density, and is easy to
calibrate [11]. An approach that unifies the two pattern
density definitions studied in [5] and [12], enables the ap-
plication of the same layout density control methods to
both scenarios [1] (the pattern density is a local property
and therefore depends at each point on the neighboring
spatial pattern density).

A standardpractice in discretizing the filling problem is
to consider only windows(i.e., floating rectangle region of
given size) from a fixed dissection. However, bounding the
effective density in w x w windows of a fixed dissection
can incur error, since other windows that are not part
of the dissection couldstill violate the effective density
bounds. Therefore, a common industry practice is to en-
force density bounds in 7? overlapping dissections, where
r determines the “phase shift” w/r by which the dissec-
tions are offset from each other. Thus, density bounds
are enforced only for windows of the fixed r-dissection
(see Figure 1), in the hope that this would also control
the density bounds ofarbitrary windows.*

The work of [3] considers the deformation of the polish-
ing pad during the CMP process, while [12] uses an ellip-
tical weighting function with experimentally determined
constants. A discretized effective local pattern density p
for a window W,; in the fixed-dissection regime (hence-
forth referred to as effective window density) is defined in
[12] as:
_

3The n x n-layout is partitioned into tiles Tjj, then covered by
w xX w-windows Wy;, 1,3 = 1. -> ue —1, such that each window Wij
consists of r2 tiles Tyr, k=i,....k+r—1,1 = j,...,j+7—1 (see
Figure 1). Windowsare “wrapped around”the layout, e.g, windows
overlapping the upper(left) edge of the layout also containing tiles
at the bottom (right) of the layout, reflecting the fact that density
at the edge of one die mayaffect CMPof the die’s neighbor on the
wafer.



 
Figure 1: The fixed dissection approach: a layout
is divided into r? (r = 4) distinct dissections (each
with window size w x w), into 22 x 2 tiles. Each
w x w window (dark) consists of r? tiles, and pairs
of windows from different dissections may overlap.

it+r—1jt+r-1

(Wig) = YY area(Ts)-f(R—(+7/2).t-47/2)
kai Sj

where the argumentsof the elliptical weighting functio }
are the x- and y-distances of the tile Thi from the center
of the window Wi;. Morerecently, the authors of [12]
suggested a more accurate model that takes into account
the influence of density variation in lower layers of a layout
on the density variation in the upper layers.

Previous algorithms for generatingflat dummyfill can
be classified into two categories: linear-programming
(LP) based approaches [5] [12], and Monte-Carlo based
methods[1] [2].

The first linear programming formulation for the Min-
Var objective was suggested in [5], where for each tile the
computedfill amounts are constrained to not exceed the
actual area availableforfilling (slack), which is computed
during density analysis. The Min-Fill objective for the
Filling Problem corresponding to the Ranged Variation
LP formulation was proposed in [12]. Although an LP
solution is optimal, it has several drawbacks: (1) solving
a large LP is too time consuming (e.g., the runtimeis
O(r8) since the number of variables and the number of
constraints in the LP are both O((2£)?)); (2) the optimal
solution for a given number of dissections is not neces-
sarily the optimal solution for other dissections, and in
general mayresult in a high floating window density vari-
ation; and (3) whenthetile size is sufficiently small the
problem becomesan instance of integer programming and
rounding errors becomecrucial.

A Monte-Carlo method for the Min-Var objective was
introduced in [2]. The Min-Var Monte-Carlo algorithm
chooses a tile and incrementsits density by a prescribed
fill amount, and this is repeated until the density of all
tiles exceeds the lower bound threshold. This process is

efficient, but has the drawback that it may insert an ex-
cessive amountof fill, This problem can be mitigated
by a Min-Fill Monte-Carlo approach, which attempts to
maintain the lower bound L on window density by itera-
tively deleting filling geometry from tiles [2]. The iterated
Monte-Carlo method alternates the Min-Var and Min-Fill
objectives, which tends to monotonically narrow the gap
between the minimum and maximum window densities.
Such an iterated approach is reasonably fast as well as
accurate, thus retaining the advantages of its non-iterated
counterparts. However, this methodis still beset by the
large data volume problem associated with flat fill ap-
proaches.

While LP based algorithms are highly accurate, they
tend to be slow due to the large number of variables. For
flat layouts, Monte-Carlo methods are faster than LP ap-
proaches, although typically less accurate (1) (2).

IIL. Toe HIERARCHICAL FILLING PROBLEM

Thefilling problem for hierarchical (standard-cell) lay-
outs is similar to its counterpart for flat layouts, except
that the hierarchical structure of master cells must be pre-
served, i.e., the same filling geometry is simultaneously
added to all instances of the same mastercell. Here, we
assume that we can fill the slack area of each master cell
independently and uniformly,as is the case when the size
offill geometries is sufficiently small.

The Hierarchical Filling Problem: Solve the Filling
Problem for a given standard-cell layout so that:

e Filling geometries are added only to mastercells;
e Each cell of thefilled layoutis a filled version of the

corresponding original master cell; and
e The increase in (hierarchical) layout data volume

does not exceed a given threshold.
The above constraints make the LP approachfor hierar-

chical filling problem infeasible. Instead of using O((2£)?)
variables and constraints corresponding to each tile and
windowin the LP formulation for flat fill, we must de-
fine the variables and constraints for each window, each
master cell instance, and all feasible fill positions for each
master cell and window combination. This will greatly
increase the numberof variables and constraints (since
the number of grids is much larger than the number of
tiles). The LP formulation will furthermore be compli-
cated by the transformations of master cell instances and
the overlaps between the instances. Based on these con-
siderations, Monte-Carlo method becomes the only feasi-
ble approach for the hierarchicalfilling problem.

Our proposed hierarchicalfilling algorithm (see Figure
2) starts by computing the slack for all master cells (cell
overlaps are possible and must be addressed carefully, as
detailed below). We then create buffer zones around mas-
ter cells to avoid overfilling the regions near master cell



boundaries. Mastercells are then filled in a Monte-Carlo
fashion, accordingto a priority scheme where mastercells
that are more severely underfilled receive higher priority
for filling at each iteration. This process continues un-
til all mastercells arefilled past the lower bound density
threshold or the slack in all underfilled master cells is ex-
hausted.
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: Hierarchical layout, tixed

distance, w x w window,
window density

For each Master Cell M; in the layout Do
Partition the Master Cell M; according to the

iven grid size
3. Forall grids in the Master Cell Do
4. Mark the status of grid “occupied” if it is

covered by the original features
or the sub Master Cell

5. Forall instances I; of the Master Cell M; Do
6 If the instance J; is overlapped with features

or instances of other Master Cells Then
7. Update thestatus of rids which are covered
8. Calculate the priority of the Master Cells
9. While the sum of priority > 0 Do

10. Use the Monte-Carlo methodto select one
Master Cell M;

11. Randomly select a slack grid position in
the master cell

12. For each corresponding position of the grid
in all instances of the Master Cell M; Do
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13. If the insertion causes any window density
to exceed the upper bound U Then

14. Discard the insertion
15. Lock slack grid position
16. Go overall other grids in mastercell covered

  by the exceeded window and lock them
17. Else
18. Increase the fill area of the Master Cell

‘Add the fill geometry into the Master Cell
Update the relevant windows’ densities

    
   

Figure 2: Monte-Carlo Hierarchical Filling Algorithm.

A. Slack Computation for Hierarchical Layouts

For each mastercell, dummyfill may be inserted only
into the slack (i.e., free) area of a master cell, not into its
subcells. Computing the slack of a master cell proceeds by
first determining the numberofgrid positions inside the
bounding box of the mastercell, while excludingall posi-
tions that overlap with either a “bloated” feature (i.e., a
forbidden buffer zone aroundeach feature) or a “bloated”
subcell. However, slack area computation is complicated
by the fact that instances of master cells may overlap.
Such overlaps can occur between the mastercell instance
and the features, or between two or more master cell in-
stances (see Figure 3). In general, overlaps may have a
very complicated structure. We distinguish the following
cases:

(1) The overlap between a master cell instance and a
feature.

(2) The overlap between two instances of different master
cells.

(3) The overlap between more than two instances of dif-
ferent master cells.

(4) The overlap between two or more than two instances
of the same mastercell.

For each region of master cell overlap we must deter-
mine which master cell “owns” that intersection region.
In other words,it is necessary to assign the space available
forfilling to the slack of a single master cell. We resolve
the “ownership” problem by fixing an order of all mas-
ter cells starting from the global master cell (containing
entire layout) down to individual features. The hierar-
chy can be represented as the acyclic directed graph H
with the set of nodes consisting of all master cells and
individual features. The graph H has an arc from the
master cell A to the master cell or the feature Bif B
participates in the definition of A. The topological order
of the graph H is an orderofits nodes in which the be-
ginningof anyarcis later than its end in respect to this
order. The topological order of the graph H is obtained
by breadth-first-search traversing of H starting from the
global master cell. The containment-based topological or-
dering of the hierarchy correspondsto the topological or-
der of the graph H. Then no master cell later in the order
mayuse in its definition master cells appeared earlier in
the order. Every time when we have an intersection of
master cell instances, we check which of the master cells
appears later in the topological order andassign the in-
tersection area to this master cell. This way we correctly
resolve the overlap cases (1-3). Unfortunately, the case
(4) cannot be resolved in this manner because hierarchy
cannot distinguish different instances of the same master
cell. Thus, we exclude the overlapping regions from the
slack of the master cell thus leaving the them unavailable
for fill.

 
Subcells Features

Figure 3: Computing master cell intersections: the
dark features and patterned subcells may either com-
pletely or partially overlap with a given master cell.

B. A Hybrid Hierarchical / Flat Filling Approach

Pure hierarchical filling may tend to result in some
sparse or unfilled regions (e.g., due to overlaps between
different instances of mastercells and features or due to
the interactions among the “bloat” regions around master



cells), which could yield an unacceptably high layout den-
sity variation. A natural and simple solution is to apply
a post-processing “cleanup” phase, 1.e., apply a standard
flat fill algorithm to the output of the hierarchical phase.
However, a purely flat fill approach, even when applied as
a secondary post-processing phase, may greatly increase
the resulting data volume and runtime, negating the ben-
efits of using a hierarchical approachin the first place.

We propose a new algorithm for mitigating this draw-
back, by combining hierarchical filling techniques with
a flat filling approach, in a way that smoothly trades
off the respective efficiency and accuracy of these two
approaches. In our proposed method, varying a user-
controlled parameteryields a smooth tradeoff among so-
lution quality, data volume, and runtime, as confirmed
by our computational experience. Our three-phase hybrid
hierarchical-flatfilling approachis summarizedas follows:

1. A purely hierarchical fill phase; followed by
2. A split-hierarchical phase, where certain master cells

that were deemed to be underfilled in phase 1, would
be replicated so that distinct copies of the same mas-
ter cell may befilled differently than other copies of
the same mastercell; and finally,

3. A flat fill “cleanup” phase (say, Monte-Carlo based),
whichwill fill any remaining sparse Or unfilled regions
that were not processed satisfactorily during thefirst
two phases.

The overall goal with this strategy is to quickly fill as
much of the layout as possible in phases 1 and 2 while
keeping the fill output data volumerelatively low, and
then further improve and tune the resulting filled layout
using a flat filling approach in phase 3 on the (presumably
small number of) remaining sparse or unfilled areas.

In particular, phase 2 consists of repeatedly splitting
master cells located in regions which were determined to
be underfilled during phase 1, as follows. Given a top-
down containment-based topological ordering of the n
master cells, i.e. Cy, C2, C3, +++; Cn—2;Cn—1, Cn, where
a mastercell C; can only contain mastercell C; iff i < J,
a master cell C; may be split into two master cells Ci,1
and Cj. and any Cj containing master cell C; is then
modified to point to either the copy Ci or Ci2 (say,
randomly chosen). More generally, rather than perform-
ing only two-way splits, we can perform k-way splits (see
Figure 4).

Varying the parameter k (which controls the split fac-
tor) from 1 (pure hierarchical) to infinity (pure flat),
yields a smooth tradeoff between solution quality, data
volume, and runtime. As k is increased, the solution qual-
ity asymptotically approachesthat of flat fill. If the result
of hierarchical filling does not satisfy the technological
constraints, then we recommendforegoing the original hi-
erarchy in favor of a more uniform filling. This can be
implemented by storing in the original cell library differ-
entfilled versions of each master. Such a scheme will not

necessarily slow down verification, since having fixed per-
manent structure, they can be “pre-verified”, and thus
dramatically improve the uniformity of hierarchical filling
without a large runtime increase.

 
 

+ New hierarchica
of mastercells

ori=lton DoCreate k new copies of Ci, namely Ci,1, Ci2,--Cir
For any master cell C’ containing in the mastercell

C; Do
For all 1 <j <k Do
put an arc from the master cell Ci; to C

For any master cell C which contains master cell C; Do
Replace C; inside C with copy Ci; for
random j,1<j<kIn hierarchy H, replace the arc (C, Ci) with (C, Cij)

Output resulting new hierarchical layout

 

 
f

 
 
 
 
  

   

Figure 4: Improving the hierarchical filling approach by
splitting mastercells k-ways: each master cell is replaced
with & distinct masters, each of which maybefilled inde-
pendently and differently.

Following the approach of [1], our implementation has
the following capabilities: grid slack computation; dough-
nut area computation; wraparound window density anal-
ysis and synthesis; and compressedfill insertion.

IV. COMPUTATIONAL EXPERIENCE

Our experimental testbed integrates GDSII Stream in-
put and internally-developed geometric processing en-
gines, coded in C++ under Solaris. Our experiments were
performed using part of a metal layer extracted from hi-
erarchical GDSII from an industry custom-block layout.
Table 1 lists the attributes of our three test cases, i.e.,
layout size and numberof rectangles.*

  Test Cases

Case|Case?|Case3|504000

|Frectangies[216|482[540
Table 1: Parameters of test cases.

Test case

Table 2 compares the minimum window density, data
volume (ie., the numberof fill geometry references in the
resulting GDSII output file), and the number of dummy
fill features (i.e., the number of fill geometries on the re-
sulting layout after flattening) for five heuristics: (i) hi-
erarchical, (ii) flat, (iii) 2-way splitting, (iv) hybrid of
hierarchical and flat, and (v) hybrid of the hierarchical,
splitting and flat approaches. For each test case, we ran_

4tn the given coordinate system, 40 units is equivalent to 1
micron.

 
 



all the five filling heuristics on both the spatial density
model and the effective density model, with the window
density upper bound equal to the original maximum win-
dow density.

peaModel[SpatialDen]
Effective Den

|data|all[MinDen||data|#all[MinDen|

 
Table 2: The Hierarchical, Flat and Hybrid Filling Ap-
proaches. Notation: OrgLayout: original layout; Spatial
Den: spatial density model; Effective Den: effective den-
sity model; data: data volume, i.e., the number of fill
geometry references in resulting GDSIT output file; # fill:
numberof real dummyfill features on the resulting lay-
out; MinDen: minimum window density of the layout;
Hier: hierarchical filling approach; H+F: hierarchical +
flat filling approach; H+S: hierarchical + 2-way master
cell splitting filling approach; H+S+F:hierarchical + 2-
way mastercell splitting + flat filling approach; Flat: flat
filling approach.

Table 2 indicates that the Flat Monte-Carlo approach
obtains the best-quality result (i-e., highest minimum den-
sity) but results in the largest data volume. On the other
hand, the Hierarchical Monte-Carlo approach saves on
data volume but yields low-quality results. The hybrids
of hierarchical and flat fill approaches produce substan-
tially improved results, with only a modest increase in
data volume. Finally, we observe that the k-way Master
Cell Splitting approach smoothly trades off between per-
formance and data volume, i.e., it provides better results
than the pure Hierarchical Fill approach and less data
volume than the pure Flat Filling approach.

V. CONCLUSIONS AND FUTURE DIRECTIONS

In conclusion, we have addressed the hierarchicalfilling
problem in layout density controlfor CMPuniformity. We
presented a practical approach to hierarchical fill synthe-

sis, which trades off runtime, solution quality, and output
data volume. Distinct copies of a master cell are allowed
to be filled differently, which improves the solution quality
in a user-controlled manner. Our system also generates
filling geometries in compressed GDSII format, which re-
duces the resulting fill data yolume. Experiments indi-
cate that this new hybrid hierarchicalfilling approach is
scalable, efficient, and highly competitive with previous
Monte-Carlo and LP-based methods.

Ongoing research includes developing alternate pure-
hierarchical filling heuristics, and developing more robust
hierarchy manipulators for in-memory layout representa-
tions, in order to enable smoother tradeoffs between solu-
tion quality and data volume. We also seek to make our
fill solutions reusable, so that fill solutions can be stored
in a library along with the master cells, and would not
have to be recomputed from scratch in cases where a cell
is used in a context that has different density constraints.
However, the reusability methodology can be only applied
to master cells which are neither overlapped with other
master cells, nor routed over. One way of achieving such
“anrollable” solutions is to produce and store 4 fill solu-
tion in a “monotone” manner, SO that successively longer
prefixes of a fill solution would still constitute valid fill
solutions in lower density contexts.
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II. Claims 14-19, drawn to the system, classified in class 716, subclass 1. |

The inventions are distinct, each from the other because of the following reasons:

Inventions| andII are related as process and apparatusforits practice. The

inventions are distinct if it can be shownthat either: (1) the process as claimed can be

practiced by another and materially different apparatus or by hand,or (2) the apparatus

as claimed can be used to practice another and materially different process. (MPEP §
806.05(e)).

Becausethese inventions are independentordistinct for the reasons given

above and there would be a serious burden on the examinerif restriction is not required

becausethe inventions have acquired a separate status in the art in view of their

different classification, restriction for examination purposesasindicatedis proper.

Applicant is advised that the reply to this requirement to be complete must

include (i) an election of a species or invention to be examined even though the

requirement be traversed (37 CFR 1.143) and(ii) identification of the claims

encompassingthe elected invention.

The election of an invention or species may be madewith or without traverse. To

reserve a right to petition, the election must be made with traverse.If the reply does not
distinctly and specifically point out supposederrors in the restriction requirement, the

election shall be treated as an election without traverse.
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Should applicant traverse on the groundthat the inventions or species are not

patentably distinct, applicant should submit evidence or identify such evidence now of

record showing the inventions or species to be obvious variants or clearly admit on the

record that this is the case. In either instance,if the examinerfinds one of the inventions

unpatentable over the prior art, the evidence or admission may be usedin a rejection

under 35 U.S.C.103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected

invention, the inventorship must be amendedin compliance with 37 CFR 1.48(b) if one

or more ofthe currently named inventorsis no longer an inventorof at least one claim

remaining in the application. Any amendmentof inventorship must be accompanied by

a request under 37 CFR 1.48(b) and bythe fee required under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Kevin M. Picardat whose telephone numberis 571-272-
1841. The examiner can normally be reached on Monday-Thursday 7:00-5:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Zandra Smith can be reached on 571-272-2429. The fax phone numberfor
the organization wherethis application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applicationsis available through Private PAIR only.
For more information about the PAIR system,see http://pair-direct.uspto.gov. Should
you have questions on accessto the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197(toll-free). If you would like assistance from a
USPTO CustomerService Representative or access to the automated information
system,call 800-786-9199 (IN USA OR CANADA)or 571-272-1000.

Ct

Kevin M. Picardat

Primary Examiner
Art Unit 2822

kmp
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Appl. No. 10/991, 107
Reply to Restriction Requirement of February 9, 2007

ao

‘ IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re application of —: Kunal N. Taravade
Appl. No. : 10/991,107
Filed : November 17, 2004
Art Unit : 2822

Examiner : Picardat, Kevin M.
Title : METHOD AND SYSTEM FOR REDUCINGINTER-

LAYER CAPACITANCEIN INTEGRATED CIRCUITS

Mail Stop Amendment
Honorable Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313

RESPONSE TO THE OFFICE ACTION DATED FEBRUARY 9, 2007

CERTIFICATE OF MAILING/TRANSMISSION(37 C.F.R.§ 1.8)

I hereby certify that, on the date shown below,this correspondenceis being:

MAILING FACSIMILE

{XX ] deposited with the United States Postal Service [] transmitted by facsimile to the
with sufficient postage as first class mail in an” Patent and Trademark Office.
envelope addressed to MS Amendment,

 : Date: April 19, 2007
ReNea D. Berggren

Sir:

This is in response to the Office Action dated February 9, 2007 for which the

one month shortenedstatutory period for reply is set to expire on March 9, 2007. A

Petition for two months extension of time along with authorization to charge the

requisite fee has been submitted with this response. While Applicant believes that no

further extension of time for this Response is necessary, the Commissioner is hereby

authorized to grant any needed extension of time and to charge any fees which may be

required for this Response, or credit any overpayment to Deposit Account No. 12-

2252.

Consideration of the Remarksthat follow is respectfully requested.



Appl. No. 10/991, 107
Reply to Restriction Requirement of February 9, 2007

° REMARKS

Claims 1-25 are pending in the Application.

The Patent Office has required election of a single invention as required under

35 U.S.C. § 121 among:

Invention I, claims 1-13 and 20-25; and

Invention II, claims 14-19.

Applicantelects Invention I, claims 1-13 and 20-25 with traverse.

Applicant respectfully requests reconsideration of the restriction requirement.

Examination of claims 1-25 poses no serious burden on the Examiner. Additionally,

Applicant should not be forced to divide the invention across multiple applications,

and it is respectfully requested that the election of invention requirement be

withdrawnand that Claims 1-25 herein be examined togetherin their entirety.

CONCLUSION

In light of the forgoing, reconsideration and allowance of the claims is

earnestly solicited.

Respectfully submitted on behalf of

LSI Logic Corporation,

By Mc
Chad W. Swantz

Reg. No. 46,329

Dated: April 19, 2007

SUITER ® Swantz PC LLO

14301 FNB Parkway, Suite 220
Omaha, NE 68154

(402) 496-0300 telephone
(402) 496-0333 facsimile
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APR 2 8 2007 Attorney Docket N* 04-0800

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of: Taravade
Serial _ 10/991,107

Filed : November 17, 2004

Group Art Unit : 2822
Examiner : Picardat, Kevin M.
For : METHOD AND SYSTEM FOR REDUCING INTER-LAYER

CAPACITANCEIN INTEGRATEDCIRCUITS

MS Amendment -

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

PETITION FOR A TWO-MONTHEXTENSION OF TIME

PURSUANTTO 37 C.E.R. §1.136(a)

- CERTIFICATE OF MAILING 37 C.F.R. § 1.8

MAILING FACSIMILE

[X] deposited with the United States Postal Service [] transmitted by facsimile to the Patent and
with sufficient postage as first class mail in an Trademark Office.
envelope addressed to the Commissionerfor

, Alexandria, VA 22313-1450. 

 
 Nea D. Berggren Re DATED:April 19, 2007 

Applicant hereby requests a two month extension of time for response to the Restriction

Requirement herein dated February 9, 2007. The grant of this Petition will extend the time for

response from March9, 2007 to May9, 2007.

Please charge the extension fee of $450.00 to Deposit Account N® 12-2252. Please charge

any underpaymentsrelated to this Petition or credit any excess to Deposit Account N2 12-2252 A

duplicate copy of this Petition is enclosed for accounting purposesonly.

04/23/2007 CCHAUL 00000033 1eeeSe 10991107

01 FCsi25e 450.00 DA



~~de

Please addressall correspondenceto:

DATED: April 19, 2007.

SUITER * SWANTZ PC LLO

14301 FNB Parkway, Suite 220
Omaha, NE 68154-5299

(402) 496-0300 (Telephone)
(402) 496-0333 (Telecopier)

CUSTOMERNO.24319

TIMOTHY CROLL

LEGAL DEPARTMENT- IP

LSI LOGIC CORPORATION

M/S D-106

1621 BARBER LANE

MILPITAS, CA 95035

Respectfully submitted,

LSI Logic Corporation,

By
Chad W. Swantz

Reg. N° 46,329

ATTACHMENTS: 1. Response to Office Action.
2. Copy of this Petition for accounting purposes.
3. Return postcards.
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time periodfor reply,if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)



Application No. Applicant(s)

10/991 ,107 TARAVADE ETAL.

Office Action Summary Examiner Art Unit

Kevin M. Picardat 2822

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY(30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available under the provisions of 37 CFR 1.136(a). Inno event, however, maya reply be timely filed
after SIX (6) MONTHSfrom the mailing date of this communication.
{f NO period for reply is specified above, the maximum statutory period will appty and will expire SIX (6) MONTHS from the mailing date of this communication.
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three monthsafter the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s) filed on 23 April 2007.
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4) Claim(s) 1-25 is/are pendingin the application.

4a) Of the above claim(s) 14-79 is/are withdrawn from consideration.

5)L) Claim(s) is/are allowed.

6)IX] Claim(s) 1-13 and 20-25is/are rejected.
7)L) Claim(s)___ is/are objected to.

8)L] Claim(s) ; are subject to restriction and/or election requirement.

Application Papers

9)L_] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 17 November 2004 is/are: a)X] accepted or b)L] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is requiredif the drawing(s) is objected to. See 37 CFR 1.121(d).

190 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LJAll »b)L_] Some * c)L] Noneof:

1...) Certified copies of the priority documents have beenreceived.
2.L] Certified copies of the priority documents have beenreceivedin Application No.
3.L] Copies of the certified copies of the priority documents have beenreceivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) xX] Notice of References Cited (PTO-892) 4) L] Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.__
3) XX] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal PatentApplication

Paper No(s)/Mail Date 11-17-04. 6) TC Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070619

 



Application/Control Number: 10/991 ,107 Page 2
Art Unit: 2822

DETAILED ACTION

Election/Restrictions

Applicant's election with traverse of Group 1, claims 1-13 and 20-25in the reply

filed on 23 April 2007 is acknowledged. Thetraversal is on the ground(s) that a search

of the inventions poses no serious burden on the examiner. This is not found

persuasive because the GroupII claims to the system areclassified in a different class

and would require an extensive searchin a different class than the search required by

the Group | method claims.

The requirementis still deemed proper and is therefore made FINAL.

Claim Rejections - 35 USC § 102 |

Thefollowing is a quotation of the appropriate paragraphsof 35 U.S.C. 102 that

form the basis for the rejections underthis section madein this Office action:

A personshall be entitled to a patent unless —

(0) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on Sale in this country, more than one yearprior to the date of application for patent in the United
States.

Claims 1-13 and 20-25 are rejected under 35 U.S.C. 102(b) as being anticipated
by Kounoetal. US 2002/0190382.

Kounoetal. discloses a method of arranging dummy metalfills (6A,6B) in the

formation of an IC including determining the location of a first pattern of dummy fills (6A)

formed in a first layer of the IC, determining the location of a second pattern of dummy

fills (6B) formed in a second layer of the IC, and arranging the second pattern of dummy

fills so as not to overlap the first pattern thus eliminating the possibility of bulk
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capacitance. The pattern dummyfills can form a checkerboard pattern (see fig.6 and

related text).

The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.

Anyinquiry concerning this communication or earlier communications from the

examiner should be directed to Kevin M. Picardat whose telephone numberis 571-272-

1841. The examiner can normally be reached on Monday-Thursday 7:00-5:30.

If attempts to reach the examinerby telephone are unsuccessful, the examiner's

supervisor, Zandra Smith can be reached on 571-272-2429. The fax phone numberfor

the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on accessto the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA)or 571-272-1000.

Poa2—
Kevin M. Picardat

Primary Examiner
Art Unit 2822

kmp
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“HRPhapa Hierarchical Dummy Fill for Process Uniformity; Yu Chen, Andrew B. Kahng, Gabriel Robins and Alexander
Zelikovsky; Computer Science Department, UCLA,Los Angeles, CA 90095-1596; UCSD CSE and ECE
Departments, La Jolla, CA 92093-0114; Department of Computer Science, University of Virginia,
Charlottesville, VA 22903-2442; Department of Computer Science, Georgia State University, Atlanta, GA
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Appl. No. 10/991,107
Reply to Office Action of June 25, 2007

 AUG 2 7 2007 IN THE UNITED STATES PATENT AND TRADEMARKOFFICE
& In re application of : Taravadeetal.

<mranewS” Serial No. : 10/991,107
Filed : November 17, 2004

. Art Unit : 2822

Examiner : Picardat, Kevin M.
Title : METHOD AND SYSTEM FOR REDUCING INTER-LAYER

CAPACITANCEIN INTEGRATEDCIRCUITS

Mail Stop Amendment
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450"aad

RESPONSETO THEOFFICE ACTION DATED JUNE25, 2007

CERTIFICATE OF MAILING UNDER 37 CFR 1.8(a)

| hereby certify that, on the date shown below,this correspondenceis being deposited with the
United States Postal Service in an envelope addressed to: Commissioner for Patents, P.O. Box
1450, Alexandria, VA 22313-1450 with sufficient postage asfirst class mail.

HIRLEY DUNNE DaTeD: AUGUST 24, 2007

DearSir:

This is in response to the Office Action of June 25, 2007, for which the

three month shortened statutory period for reply is set to expire on September

25, 2007. While it is believed that no extension of time or any other additional

fees are necessary, the Commissioneris hereby authorized to grant any needed

extension of time and to charge any additional fees which may be required for

this Response, or credit any overpayment to Deposit Account No. 12-2252.

Consideration of the Amendments and Remarksthatfollow is respectfully

requested.  



Appl. No. 10/628,194
Reply to Office Action of February 20, 2007

Sir:

In responseto the Office Action of June 25, 2007:

Amendments to the Claims are reflected in the listing of claims which begins on

page3 of this paper.

Remarks/Arguments begin on page 10 of this paper.
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Reply to Office Action of February 20, 2007

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the

applications:

Listing of Claims:

1. (Original) A method for placing dummyfill patterns in an integrated

circuit fabrication process, comprising:

obtaining layout information of the integrated circuit, the integrated circuit

including a plurality of layers;

obtaining a first dummyfill space for a first layer based on the layout

information;

obtaining a second dummyfill space for a second layer, the second layer

being placed successivelyto the first layer;

determining an overlap betweenthefirst dummyfill space and the second

dummyfill space; and

minimizing the overlap by re-arranging a plurality of first dummyfill

features and a plurality of second dummyfill features,

wherein the first dummyfill space includes non-signal carrying lines on the

first layer and the second dummyfill space includes non-signal carrying lines

on the second layer.

2. (Original) The method as described in Claim 1, wherein the plurality of

first dummyfill features forms a grid within the first dummyfill space.

3. (Original)|The method as described in Claim1, wherein the plurality of

second dummyfill features forms a grid within the second dummyfill

space.

4. (Original) The method as described in Claim 1, wherein the first
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dummyfill space is determined based on a local pattern density for the

first layer.

(Original) The method as described in Claim 1, wherein the second

dummyfill space is determined based on a local pattern density for the

secondlayer.

(Original) The method as described in Claim 2, wherein the grid

includesa plurality of squares.

(Original) |The method as described in Claim 1, the minimizing the

overlap step further comprising:

determining whetherthe plurality of first dummyfill features form a

predefined pattern; and

re-arranging the plurality of first dummyfill features to form the

predefined pattern if the plurality of first dummyfill features are not

arranged in the predefined pattern.

(Original) The method as described in Claim 7, further comprising:

re-arranging the plurality of second dummyfill features based on

the plurality of first dummy features if the plurality of first dummyfill

features are already arranged in the predefined pattern.

(Original) The method as described in Claim 8, wherein the plurality of

second dummyfill features are re-arranged so as to be offset from the

plurality of first dummyfill features.

(Original) The method as described in Claim 7, wherein the predefined

pattern is a checkerboard pattern.

(Original) ©The method as described in Claim 1, wherein a total bulk
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Reply to Office Action of February 20, 2007

Capacitanceis minimized.

12. (Original) The method as describedin Claim 11, wherein the total bulk
Capacitance includes a bulk inter-layer capacitance.

13. (Original) The method as described in Claim 11, wherein the bulk inter-
layer capacitance is a bulk capacitance created by overlaps between the
first layer and the second layer.
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14. (Withdrawn) A system for intelligent placement of dummyfill patterns in

an integrated circuit fabrication process, comprising:

meansfor obtaining layout information of the integrated circuit, the

integrated circuit including a plurality of layers;
meansfor selecting a first layer and a second layer,

wherein the second layeris placed successively to thefirst layer;

meansfor obtaining initial layouts of metal lines on thefirst layer

and the second layer;

means for determining a first dummyfill space based ontheinitial

layout on the first layer, the first dummyfill space suitable for including a

plurality of dummyfill features on thefirst layer;

means for determining a second dummyfill space based on the

initial layout on the second layer, the second dummyfill space suitable for

including a plurality of dummyfill features on the second layer;

means for determining an overlap between the first dummyfill

space and the second dummyfill space; and

means for minimizing the overlap by arranging the plurality of first

dummyfill features and the plurality of second dummyfill features,

wherein the integrated circuit includesthefirst layer and the secondlayer.

(Withdrawn) The system as described in Claim 14, the means for

minimizing the overlap further comprising:

meansfor determining whether a dummyfill pattern of thefirst layer

is a checkerboard pattern; and

meansfor placing the plurality of first dummyfill features to form

the checkerboard pattern if the dummyfill pattern of the first layer is not

arranged in the checkerboard pattern.

(Withdrawn) The system as described in Claim 14, further comprising:

meansfor placing the plurality of second dummyfill features based on the

ie
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17.

18.

19.

dummyfill pattern of the first layer if the dummyfill pattern of the first layer

is already the checkerboard pattern.

(Withdrawn) The system as described in Claim 16, wherein the plurality

of second dummyfill features are placed so as to form an alternate

checkerboard pattern against the checkerboard pattern of the plurality of

first dummyfill features.

(Withdrawn) The system as described in Claim 16, wherein the plurality of

second dummyfill features are placed so as to be offset from the plurality

of first dummyfill features.

(Withdrawn) The system as described in Claim 14, wherein a total bulk

capacitance of the integrated circuit is minimized.  
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20. (Original) A method of filling dummy patterns for pattern density

equalization in an integrated circuit fabrication process, comprising:
obtaining a local density pattern of a first layer, the local density

pattern obtained based onaninitial layout design of the integrated circuit;

determining a second layer, the second layer being placed

successivelyto thefirst layer;

obtaining a local density pattern of the second layer, the local

density pattern obtained based ontheinitial layout design of the integrated

circuit;

designing a plurality of dummyfill features on the first layer and the

second layer, the plurality of dummyfill features being suitable for

increasing pattern density in low density spaces on thefirst layer and the

second layer;

determining whether there is an overlap between the plurality of

dummyfill features on thefirst layer and the plurality of dummyfill features

on the second layer; and

minimizing the overlap by re-arranging the plurality of dummyfill

features on thefirst layer and the secondlayer,

wherein a total inter-layer capacitance of the integrated circuit is

minimized.

21. (Original) The method as described in Claim 20, the minimizing the

overlap step further comprising:

determining whether the plurality of first dummyfill feature form a

checkerboard pattern; and

placing the plurality of first dummy fill features to form the

checkerboard pattern base through a mathematical checkif the plurality of

first dummyfill features are not a form of the checkerboard pattern,
wherein the mathematical check is applied to numeric values of

each of the plurality of first dummyfill features and the numeric values of

eachof the plurality of first dummyfill features are determined based on
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22.

23.

24.

25.

the location on the checkerboard pattern.

(Original) The method as described in Claim 20, further comprising:

placing the plurality of second dummyfill features based on an

arrangementof the plurality of first dummy featuresif the plurality of first

dummyfill features form a checkerboard pattern.

(Original)|§The method as described in Claim 22, wherein the plurality

of second dummyfill features are placed so as to form an alternate

checkerboard pattern against the checkerboard pattern of the plurality of

first dummyfill features.

(Original)|The method as described in Claim 22, wherein the plurality

of second dummyfill features are placed so as to be offset from the

plurality of first dummyfill features.

(Original)|The method as described in Claim 20, further comprising:

placing the plurality of second dummyfill features to form the

checkerboard pattern base through a mathematical check,

wherein the mathematical check is applied to numeric values of

each of the plurality of second dummyfill features and the numeric values

of each of the plurality of second dummyfill features are determined

based on the location on the checkerboard pattern.
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REMARKS

Claims 1-13 and 20-25 are pending in the Application. Claims 14-19 have

been withdrawn. Claims 1 and 20 are independent.

Claim Rejections — 35 USC § 102

The Patent Office rejected Claims 1-13 and 20-25 under 35 U.S.C. §

102(b) as being anticipated by Kounoetal. (U.S. Publication No. 2002/0190382)

(“Kouno’).

Applicant respectfully traverses the rejection. Anticipation requires the

disclosure in a single prior art reference of each element of the claim under

consideration. W.L. Gore & Assocs. v. Garlock, 721 F.2d 1540, 220 USPQ 303

(Fed. Cir. 1983), cert. denied, 469 U.S. 851 (1984).|Further, “anticipation

requires the presencein a single prior art reference disclosure of each and every

element of the claimed invention, arranged as in the claim.” Lindemann

Maschinenfabrik GmbH v. American Hoist & Derrick Co., 730 F.2d 1452, 221

USPQ 481, 485 (Fed. Cir. 1984) (citing Connell v. Sears, Roebuck & Co., 722

F.2d 1542, 220 USPQ 193 (Fed. Cir. 1983). Emphasis added.

Applicant respectfully submits Claims 1-13 and 20-25 recite elements that

have not been disclosed by Kouno. For example, Claims 1 and 20 generally

recite determining overlap of first and second layers of dummyfills and

rearranging the dummyfills to minimize overlap. The Patent Office cites to

Kouno for the abovelimitations (Figure 6, 6A, 6B, and related text). However,

the cited sections of Kouno do not disclose determining overlap of first and

second layers of dummyfills and rearranging the dummyfills to minimize

overlap. Kouno discloses a semiconductor which includes dummyfill patterns

that are staggered such that there is no overlap between adjacent layers. Kouno

does not disclose determiningif there is overlap between the dummyfills. The

semiconductor of Kouno has been already constructed without overlap so there

is no overlap to determine. Further, Kouno doesnot disclose rearranging dummy
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fills. The dummyfills in Kouno are arranged, but are at no point rearranged.

Thus, Kouno cannot disclose rearranging dummyfills to minimize overlap.

Therefore, Kouno does not disclose determining overlap of first and second

layers of dummyfills and rearranging the dummyfills to minimize overlap.

Thus, under Lindemann, a prima facie case of anticipation has not been

established for Claims 1 and 20. Claims 2-13 depend from Claim 1 and are

believed allowable due to their dependence upon an allowable base claim.

Claims 21-25 depend from Claim 20 and are believed allowable due to their

dependence uponan allowable baseclaim.

CONCLUSION

In light of the forgoing, reconsideration and allowanceof the claimsis

earnestly solicited.

Respectfully submitted,
LSI Logic, Inc.,

Dated: August 24, 2007 By:
David S. Atkinson

Reg. No. 56,655

SUITER - SWANTZ PC LLO

14301 FNB Parkway, Suite 220
Omaha, NE 68154
(402) 496-0300 telephone
(402) 496-0333 facsimile
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Filed .” : November 17, 2004
Art Unit : 2822

Examiner : Picardat, Kevin M.
Title : METHOD AND SYSTEM FOR REDUCING INTER-LAYER

CAPACITANCEIN INTEGRATEDCIRCUITS

Mail Stop Amendment
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSETO THE OFFICE ACTION DATED NOVEMBER29, 2007

CERTIFICATE OF MAILING UNDER 37 CFR 1.8(a)

| herebycertify that, on the date shownbelow,this correspondenceis being deposited with the
United States Postal Service in an envelope addressed to: Commissionerfor Patents, P.O. Box
1450, Alexandria, VA 22313-1450 with sufficient postage asfirst class mail.

TERRI L. PEETZ ) DATED: JANUARY 16, 2008

DearSir:

This is in response to the Office Action of November 29, 2007, for which

the three month shortened statutory period for reply is set to expire on January

29, 2008. While it is believed that no extension of time or any other additional

fees are necessary, the Commissioneris hereby authorized to grant any needed

extension of time and to charge any additional fees which may be required for

this Response,or credit any overpayment to Deposit Account No. 12-2252.

Consideration of the Amendments and Remarksthat follow is respecttully

requested.
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Sir:

In response to the Office Action of November 29, 2007:

Amendmentsto the Claimsare reflected in thelisting of claims which begins on

page3 of this paper.

Remarks/Argumentsbegin on page 8 of this paper.
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Amendmentsto the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the

applications:

Listing of Claims:

1. (Original) A method for placing dummyfill patterns in an integrated

circuit fabrication process, comprising:

obtaining layout information of the integrated circuit, the integrated circuit

including a plurality of layers;

obtaining a first dummyfill space for a first layer based on the layout

information;

obtaining a second dummyfill space for a second layer, the second layer

being placed successivelyto thefirst layer;

determining an overlap betweenthefirst dummyfill space and the second

dummyfill space; and

minimizing the overlap by re-arranging a plurality of first dummyfill

features and a plurality of second dummyfill features,

wherein the first dummyfill space includes non-signal carrying lines on the

first layer and the second dummyfill space includes non-signal carrying lines

on the second layer.

2. (Original) The method as described in Claim 1, wherein the plurality of

first dummyfill features forms a grid within the first dummyfill space.

3. (Original)|The method as described in Claim1, wherein the plurality of

second dummyfill features forms a grid within the second dummyfill

space.
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Ny

(Original) The method as described in Claim 1, wherein the first

dummyfill space is determined based onalocal pattern density for the

first layer. .

(Original) The method as described in Claim 1, wherein the second

dummyfill space is determined based on a local pattern density for the

second layer.

(Original) The method as described in Claim 2, wherein the grid

includesa plurality of squares.

(Original) The method as described in Claim 1, the minimizing the

overlap step further comprising:

determining whethertheplurality of first dummyfill features form a

predefined pattern; and

re-arranging the plurality of first dummyfill features to form the

predefined pattern if the plurality of first dummy fill features are not

arranged in the predefined pattern.

(Original) The method as described in Claim 7, further comprising:

re-arranging the plurality of second dummyfill features based on

the plurality of first dummy features if the plurality of first dummyfill

features are already arrangedin the predefined pattern.

(Original) The method as described in Claim 8, wherein the plurality of

second dummyfill features are re-arranged so as to beoffset from the

plurality of first dummyfill features.

(Original) The method as described in Claim 7, wherein the predefined

pattern is a checkerboard pattern.
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11.

14.

15.

16.

17.

18.

19.

(Original) The method as described in Claim 1, wherein a total bulk

capacitanceis minimized.

(Original) The method as described in Claim 11, wherein the total bulk

capacitanceincludes a bulk inter-layer capacitance.

(Original) The method as described in Claim 11, wherein the bulk inter-

layer capacitance is a bulk capacitance created by overlaps between the

first layer and the secondlayer.

(Canceled)

(Canceled)

(Canceled)

(Canceled)

(Canceled)

(Canceled)
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20. (Original) A method of filling dummy patterns for pattern density

equalization in an integrated circuit fabrication process, comprising:

21.

obtaining a local density pattern of a first layer, the local density

pattern obtained based onaninitial layout design of the integrated circuit;

determining a second layer, the second layer being placed

successively to thefirst layer;

obtaining a local density pattern of the second layer, the local

density pattern obtained basedontheinitial layout design of the integrated

circuit;

designing a plurality of dummyfill features on the first layer and the

second layer, the plurality of dummyfill features being suitable for

increasing pattern density in low density spaces onthefirst layer and the

secondlayer;

determining whether there is an overlap between the plurality of

dummyfill features on the first layer and the plurality of dummyfill features

on the second layer; and

minimizing the overlap by re-arranging the plurality of dummyfill

features on thefirst layer and the secondlayer,

wherein a total inter-layer capacitance of the integrated circuit is

minimized.

(Original) The method as described in Claim 20, the minimizing the

overlap step further comprising:

determining whether the plurality of first dummyfill feature form a

checkerboard pattern; and

placing the plurality of first dummyfill features to form the

checkerboard pattern base through a mathematical checkif the plurality of

first dummyfill features are not a form of the checkerboard pattern,

wherein the mathematical check is applied to numeric values of

eachof the plurality of first dummyfill features and the numeric values of

each of the plurality of first dummyfill features are determined based on
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22.

23.

24.

25.

the location on the checkerboard pattern.

(Original)|The method as described in Claim 20, further comprising:

placing the plurality of second dummyfill features based on an

arrangementof the plurality of first dummy features if the plurality of first

dummyfill features form a checkerboard pattern.

(Original) The method as described in Claim 22, wherein the plurality

of second dummyfill features are placed so as to form an alternate

checkerboard pattern against the checkerboard pattern of the plurality of

first dummyfill features.

(Original) The method as described in Claim 22, wherein the plurality

of second dummyfill features are placed so as to be offset from the

plurality of first dummyfill features.

(Original) The method as described in Claim 20, further comprising:

placing the plurality of second dummyfill features to form the

checkerboard pattern base through a mathematical check,

wherein the mathematical check is applied to numeric values of

eachof the plurality of second dummyfill features and the numeric values

of each of the plurality of second dummyfill features are determined

based on the location on the checkerboard pattern.



Appl. No. 10/991,107
Reply to Office Action of November 29, 2007

REMARKS

Claims 1-13 and 20-25 are pending in the Application. Claims 14-19 have

been canceled without prejudice.

Allowable Subject Matter

The Patent Office stated claims 1-13 and 20-25 are allowed.

Applicant thanks the Patent Office for the indication of allowable subject

matter. Applicant understood that the reasons for the indication of allowable

subject matter given by the Patent Office at Page 2 of the Office Action of

November 29, 2007 were madein accordance with the following instruction per

MPEP § 1302.14:

“The statement is not intended to necessarily state all
the reasonsfor allowanceorall the details why claims
are allowed and should not be written to specifically or
impliedly state that all the reasons for allowance are
set forth.”

CONCLUSION

In light of the forgoing, reconsideration and allowance of the claimsis

earnestly solicited.

Respectfully submitted,
LSI Logic, Inc.,

Dated: January 16, 2008 By: WL.
Chad W. Swantz

Reg. No. 46,329
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[_] MULTIPLE DEPENDENTCLAIM PRESENT(37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “O” in column 2.

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

He p previously|“EXTRA ADDITIONAL reAMENDMENT PAID FOR

2
2 [_] Application Size Fee (37 CFR 1.16(s))

C] FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

AFTER PREVIOUSLY EXTRA FEE($) FEE($)

KE AMENDMENT PAID FOR
gi ST
3 =a 37 CFR 1.16(h
Zz soe :
Wi Application Size Fee (37 CFR 1.16(s))

<x | FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* If the entry in column1 is less than the entry in column 2, write “O” in column 3. Legal Instrument Examiner:
** If the “Highest NumberPreviously Paid For’ IN THIS SPACEis less than 20, enter “20”. /LORRAINE E. WALDEN/ ,
*** If the “Highest NumberPreviously Paid For’ IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

 
This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public whichistofile (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO.Time will vary depending uponthe individual case. Any comments on the amountof time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and TrademarkOffice, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TOTHIS
ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 andselect option 2.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

LSI CORPORATION PICARDAT, KEVIN M

MS: D-106 2822

MILPITAS, CA 95035 DATE MAILED:03/07/2008

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATIONNO.

10/991,107 11/17/2004 Kunal N. Taravade 04-0800 6808
TITLE OF INVENTION: METHOD AND SYSTEM FOR REDUCING INTER-LAYER CAPACITANCEIN INTEGRATEDCIRCUITS

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

NO $0nonprovisional $1440 $300 $1740 06/09/2008

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED.—THIS

STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS

PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLYTO THIS NOTICE:

I. Review the SMALL ENTITYstatus shown above.

If the SMALL ENTITYis shown as YES,verify your current If the SMALL ENTITYis shown as NO:
SMALLENTITYstatus:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shownabove, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITYstatus before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITYstatus, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above,or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL,orits equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATIONFEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalentof Part B.

IH. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advisedto the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and sendthis form, together with applicablefee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for PatentsP.O. Box 1Alecandvia Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE(if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.
CURRENT CORRESPONDENCE ADDRESS(Note: Use Block 1 for any changeof address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.

 

24319 7590 03/07/2008
Certificate of Mailing or Transmission

LSI CORPORATION I hereby certify that thisFee(s) Transmittal is being deposited pith the UnitedStates Postal Service with sufficient postage for first class mail in an envelope
1621 BARBER LANE addressed to the Mail Stop ISSUE FEE address above, or being facsimile
MS: D-106 transmitted to the USPTO (571) 273-2885, on the date indicated below.
MILPITAS, CA 95035 (Depositor's name)

(Signature)

(Date)

APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATIONNO.

10/991,107 11/17/2004 Kunal N. Taravade 04-0800 6808
TITLE OF INVENTION: METHOD AND SYSTEM FOR REDUCING INTER-LAYER CAPACITANCEIN INTEGRATEDCIRCUITS

 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE|PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional $1440 $300 $1740 06/09/2008

EXAMINER ART UNIT CLASS-SUBCLASS

PICARDAT, KEVIN M 2822 438-626000

1. Change of correspondence addressor indication of "Fee Address" (37
CFR 1.363).

Lj Change of correspondence address (or Change of CorrespondenceAddress form PTO/SB/122) attached.

LI "Fee Address" indication (or "Fee Address” Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Numberis required.

2. For printing on the patentfront page,list  
(1) the names of up to 3 registered patent attorneys
or agents OR,alternatively,  
(2) the name ofa single firm (having as a member a 2
registered attorney or agent) and the namesof up to
2 registered patent attorneys or agents. If no nameis 3
listed, no namewill be printed.

   
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT(printor type)

PLEASE NOTE:Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has beenfiled for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAMEOF ASSIGNEE (B) RESIDENCE:(CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : LV individual LJ Corporation or other private group entity (J Government

4a. The following fee(s) are submitted: 4b. Paymentof Fee(s): (Please first reapply any previously paid issue fee shown above)
L] Issue Fee LIA checkis enclosed.

_] Publication Fee (No small entity discount permitted) Lj Paymentby credit card. Form PTO-2038 is attached.
LY Advance Order - #of Copies [_J The Directoris hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number (enclose an extra copy ofthis form).

5. Change in Entity Status (from status indicated above)

LY a. Applicant claims SMALL ENTITYstatus. See 37 CFR 1.27. LI b. Applicant is no longer claiming SMALL ENTITYstatus. See 37 CFR 1.27(g)(2).
  

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown bythe records of the United States Patent and Trademark Office.

Authorized Signature Date
  

  
Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public whichis to file (and by the USPTOto process)

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR Li14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, andsubmitting the completed application form to the USPTO. Time will v. epending uponthe individual case. Any comments on the amountof time you require to completethis form and/or suggestions for reducing this burden, should be sent peeChief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit displays a valid OMBcontrol number.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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United States Patent and Trademark Office
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P.O. Box 1450
Alexandria, Virginia 22313-1450
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APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATIONNO.

 
10/991,107 11/17/2004 Kunal N. Taravade 04-0800 6808

LSI CORPORATION PICARDAT, KEVIN M

MS: D-106 2822

MILPITAS, CA 95035 DATE MAILED:03/07/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 388 day(s). If the issue fee is paid on the date that is three monthsafter the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 388 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustmentis the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEBsite (http://pair-uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)

10/991,107 TARAVADE ETAL.
Examiner Art Unit

Kevin M. Picardat 2822

-- The MAILING DATEofthis communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDinthis application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85)or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWASBILITY IS NOT A GRANT OFPATENTRIGHTS.This application is subject to withdrawal from issue atthe initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

Notice of Allowability

1. ] This communication is responsive to amendmentfiled on 22 January 2008.

2. J Theallowedclaim(s)is/are 1-13 and 20-25.

3. L] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)O All b)L)Some* c)L1None ofthe:

1. LF Certified copies of the priority documents have been received.

2. C1 Certified copies of the priority documents have been received in Application No.

3. [] Copiesof the certified copies of the priority documents have been receivedin this national stage application from the

International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE?”of this communicationto file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. (] A SUBSTITUTE OATH OR DECLARATIONmust be submitted. Note the attached EXAMINER’S AMENDMENTor NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) 7 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) [1] hereto or 2) [] to Paper No./Mail Date .

(o) (1 including changes required by the attached Examiner's Amendment / Commentorin the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number(see 37 CFR 1.84(c)) should be written on the drawingsin the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as suchin the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OFand/or INFORMATIONaboutthe deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [] Notice of References Cited (PTO-892)

2. [] Notice of Draftperson's Patent Drawing Review (PTO-948)

3. [J Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date

4. (J Examiner's Comment Regarding Requirement for Deposit
of Biological Material

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-06) Notice of Allowability

5. CJ Notice of Informal Patent Application

6. FJ Interview Summary (PTO-413),
Paper No./Mail Date .

7. J Examiner's Amendment/Comment

8. [J] Examiner's Statement of Reasons for Allowance

9. [J Other .

/Kevin M. Picardat/

Primary Examiner, Art Unit 2822

Part of Paper No./Mail Date 20080228
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Fommissioner for Patents
Alexandria, Vi 22313-1450,or Fax (G71)-273-288areinia

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION PEE (ifcomuited).Blacks 1 through 5 should be©completed where 
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Certificate ofMail Tra isal

LSI CORPORATION asFor that this Fee s) Temamitalig beingdeposited with the United162] BARBER LANE Sue ‘ontal Service¥with jenticientpost for first class maiin gn cnve|
MS: D-106 ansmittedto the USPTOCTI)2Dake on theomthodateindicatedated below:
MILPITAS, CA 95035

06/02/2008 SSESHE2 00000020 122252 10991107

01 FC:1501 1440.00 DA
02 FE31504 300.00 DA

FAT NAMD INVENTOR[ATTORNEYoocKETHO.[|_conraaTIONN®
10/991,107 11/17/2004 Komal N. Taravado 04-0800 6808

’ TITLE OF INVENTION: METHOD AND SYSTEM FOR REDUCING INTER-LAYER CAPACITANCE IN INTEGRATED CIRCUITS

 
 

 

  

prince [wala reevpumrisunres|roranren@oon|patame |
nonprovisional $1440 $1740 06/05/2008

EXAMINER ART UNIT CLASS-SUBCLASS

PICARDAT, KEVIN M 2822 438-626000

Lcreof Parrespondence address or indication of "Fee Addrcse” @? 2. For printing on the patent frontpage, Het1) the names ofupto 3 registered patent attom:(1)themi OR, alterbaivaty, eis Pa ows
the name ofa le firm (her asamembera 2peneaeofasingleam Gruringosa.m of up toatent attomeys or agents. ifno name is
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> ofcor dence address (ar Change ofCorreapemdenceges mo FTO:OnB/l 22) attached
CO) “Fee Address" indication (or "Fee Address” Indication foPTO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer
Number is required.   

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE:Unless an assi 0* identified below, no assignes data will appear gn the patent Hf an assignoc is identified below. the document has been filed fortecordatian as set forth in 37 CFR 3.11. Comptction of this form is NOT a cubstitons for filmg an assigament.
(A) NAME OF ASSIGNEE (8) RESIDENCE:(CITY and STATE OR COUNTRY)

LSI Corporation Milpiteas,CA

Please check the appropriate assignee category or categories (wilt not be printed on the parent) : OV ingrvicns! XB Corporation or other privatc group entity OC) Govemment
4a, The following fce(s) arc submitted: 4b. Payment ofFee(s): (Please first reapply any previously paid issue feeshown above)

Isfuec Fee . . [DIA cheok ia enclosed.

KPublication Fee (No small entity discoumt permitted) LJ Payment by credit card. Form PTO-2038 is attached.
C? Advance Order - # of Copi RK The Director is berctry authorized t charge the 3), any deficiency, or creditcere eee —_ overpayment, to Dept Acoaat Number lSaasfete)oe au extra copy ofthisfaorm)

$. Change in Entity Status (from status imdicated above)
Cla. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ob. Applicantis no longer claimmg SMALL ENTITY status. See 37 CFR 1.27(g}(2).

NOTE: TheIssuc Foe and PubkicstianA } will not be accepted from amyons other than the applicant a rogistered attamey or agent; or the asgignes or other party ininterest a3 shown by therecords ofth Fotent and Trademark Office.   
Authorized Signature

 Typed orprinted name Peter Sc : Registration No._33,279ThtyGglGGUODSFETOnauGnDbrequiredG37CFRLSIDTheROEMTONIs COUUERSdtoODISEDaSiaBaaeSHENTeTeEyThsUSPTOToOT

‘This collection of information is requiredby37 CFR 1311. The information is red to obtain orretain&tetain a benefitachit by the publicwhich ie to life (and by the USPTOto processess}an application, Confidentiality is govermedby35 U.S.C. 122 and 37KCFR 114. coleen is estimated 12 minutes to complote, including gathering,p f, andsubnutting thc completed applicatian formto the USPTO.Timewill wary¢ the individual cagke comments on the amaumt of ime youthis form and/or suggestionsfor reducing this burden, should be sent of eastonmOfficar, U.SP:Patent-and Trademark Office, U.S. Department of Commere oO,Dox 1450, Alcauy Vu pinis 22313-1450. DO NOT SEND PRES OR COMPLETED PORMS TO THIS ADDRESS. SEND TO: Cu:uuiinsivoct fin Patouts, P.O. Bua 4450,Alcxandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons aro required to respond tp 2 collection ofinformation untessit displays a vatid OMB control number.
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UNITED STATES DEPARTMENT OF COMMERCE

United States Vatent and TrademarkOfficeAddress: COMMISSIONER FOR PATENTS
P.O. Box 1450

Alexandria, Virginia 22313-1450www.uspto.g:

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKETNO. CONFIRMATION NO.

 
10/991,107 07/08/2008 7396760 04-0800 6808

24319 7590 06/18/2008

LSI CORPORATION
1621 BARBER LANE
MS: D-106

MILPITAS, CA 95035

ISSUE NOTIFICATION

The projected patent numberandissue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 388 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) wasfiled in the above-identified application, the filing date that
determines Patent Term Adjustmentis the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEBsite (http://pair-uspto. gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

APPLICANT(s)(Please see PAIR WEBsite http://pair.uspto.gov for additional applicants):

Kunal N. Taravade, Portland, OR;
Neal Callan, Lake Oswego, OR;
Paul G. Filseth, Los Gatos, CA;

IR103 (Rev. 11/05)
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PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT/7282440

Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: SECURITY INTEREST

CONVEYING PARTY DATA

Execution Date

CORTLAND CAPITAL MARKET SERVICES LLC 04/01/2022

RECEIVING PARTY DATA

HILCO PATENT ACQUISITION 56, LLC

Street Address: 401 N. MICHIGAN AVE.

Internal Address: SUITE 1630

Nome:_____|BELLSEMCONDUCTORUG

Name:[BELCNORTHERNRESEARORCG
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RELEASE OF PATENT SECURITY INTEREST

This RELEASE OF PATENT SECURITY INTEREST(“Release”) is made and effective as of
April 1, 2022 and granted by CORTLAND CAPITAL MARKET SERVICES LLC(the “Collateral
Agent”), as collateral agent (in such capacity, together with its successors and permitted assigns) for the
secured parties under the Loan Agreement referred to below (the “Secured Parties”), in favor of HILCO
PATENT ACQUISITION 56, LLC, a Delaware limited liability company, BELL SEMICONDUCTOR,
LLC, a Delaware limited liability company and BELL NORTHER RESEARCH,LLC, a Delaware
limited liability company (each a “Grantor”and collectively the “Grantors”) and their successors,
assigns and legal representatives.

Background

Pursuant to the Term Loan Agreement dated as of January 24, 2018 as amended on November 17,
2020 (the “Loan Agreement”) among Hilco Patent Acquisition 56, LLC, as borrower, Bell
Semiconductor, LLC and Bell Northern Research, LLC, as guarantors, the Collateral Agent and the
lenders party thereto, the Grantors executed and delivered to the Collateral Agent (i) that certain Security
Agreement by and among the Grantors and the Collateral Agent dated as of January 24, 2018 (the
“Master Security Agreement’) and (ii) that certain Patent Security Agreement by and among the
Grantors and the Collateral Agent dated as of January 24, 2018 (the “Patent Security Agreement”and,
together with the Master Security Agreement, the “Security Agreements”);

Pursuantto the Security Agreements, each Grantor pledged and granted to the Collateral Agent
for the ratable benefit of the Secured Parties a security interest in andto all of the right, title and interest
of such Grantorin, to and under the Patent Collateral (as defined below);

The Patent Security Agreement was recorded with the United States Patent and Trademark Office
at Reel 045216, Frame 0020 on February |, 2018; and

The Grantors have requested that the Collateral Agent enter into this Release in order to
effectuate, evidence and record the release and reassignment to the Grantors of any and all right, title and
interest the Collateral Agent and the Secured Parties may have in the Patent Collateral pursuantto the
Security Agreements.

Collateral Agent therefore agrees as follows:

1, Release of Security Interest. Collateral Agent, on behalf of itself and the Secured Parties,
their successors, legal representatives and assigns, hereby terminates the Patent Security Agreement and
terminates, releases and discharges any andall security interests that it has pursuant to the Security
Agreements in any and all right, title and interest of the Grantors, and reassigns to the Grantors any and
all right, title and interest that it may have, in, to and under the following (collectively, the “Patent
Collateral”):

(a) any andall patents, patent applications and other patent rights and any other
governmental authority-issued indicia of invention ownership, including the patents and patent
applications listed in Schedule 1 hereto, and all reissues, divisions, continuations, continuations-
in-part, renewals, extensions and reexaminations thereof and amendments thereto (the
“Patents”);



(b) all rights of any kind whatsoever of such Grantor accruing under any of the
foregoing provided by applicable law of any jurisdiction, by internationaltreaties and
conventions and otherwise throughout the world;

(c) any and all license and other agreements in which such Grantor has granted oris
granted a license or other right under any Patent;

(d) any and all royalties, fees, income, payments and other proceeds now orhereafter
due or payable with respect to any andall of the foregoing; and

(e) any andall claims and causesof action, with respect to any of the foregoing,
whether occurring before, on or after the date hereof, includingall rights to and claimsfor
damages, restitution and injunctive and other legal and equitable relief for past, present and future
infringement, misappropriation, violation, misuse, breach or default, with the right but no
obligation to sue for such legal and equitable relief and to collect, or otherwise recover, any such
damages.

2, Further Assurances. Collateral Agent agrees to take all further actions, and provide to the
Grantors and their successors, assigns and legal representatives all such cooperation andassistance,
including, without limitation, the execution and delivery of any andall further documents or other
instruments, as the Grantors and their successors, assigns and legal representatives may reasonably
request in order to confirm, effectuate or record this Release.

3, Governing Law. This Release and any claim, controversy, dispute or cause of action
(whetherin contract or tort or otherwise) based upon,arising out of or relating to this Release and the
transactions contemplated hereby shall be governed by, and construed in accordance with, the laws of the
United States and the State of New York, without giving effect to any choice or conflict of law provision
or rule (whether of the State ofNew York or any other jurisdiction).

[SIGNATURE PAGE FOLLOWS]



Collateral Agent has caused this Release to be duly executed and delivered by its officer duly
authorized as of the date stated in the first paragraph above.

CORTLAND CAPITAL MARKET SERVICES

LLC,

as Collateral Agent

 
Title: Head of? baal, Noah America

ACKNOWLEDGED AND

AGREEDasofthe date stated in

the first paragraph above:

HILCO PATENT ACQUISITION
56, LLC, as Grantor

By: sea
Name: Michael Friedman

Title: CEO

BELL SEMICONDUCTOR, LLC,
as Grantor

By: ue etn.
Narie Jobn Veschi
Titles CEO

 

BELL NORTHERN RESEARCH,
LLC, as Grantor

 Narmie:" Afzal Dean
Title: CEO



SCHEDULE1

TO

RELEASE OF PATENT SECURITY INTEREST

[SEE ATTACHED.]
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