SPACER FILL STRUCTURE, METHOD AND DESIGN STRUCTURE FOR REDUCING DEVICE
VARIATION FIELD OF THE INVENTION [0001]The invention relates to a design structure for spacer

fill structures\apdgpREg-particularly, to spacer fill structures, a method of mapufactiring and a design
structure for reducing device variation. BACKGROUND [0002]Minimizing device variation continues to

grow in importance as a device is scaled from node to node. However, total variation is increasing for
many device comporiehtEEsitid dEREEESREISRRI QD AndinDBRR6 TRUCE IRESRGItfects is critical
to delivering product level importance. For example, one element that is introducing additional
variation is across chip spacer thickne8§NEfdH6nDEVICE VARIATION

FIELD OF THE INVENTION

{6001] The invention relates to a design structure for spacer fill structures and,
more particularly, to spacer fill structures, a method of manufacturing and a design

structure for reducing device variation.
BACKGROUND

[0062] Minimizing device variation continues to grow in importance as a
device 15 scaled from node to node. However, total variation is increasing for many
device components as the device is scaled and so finding ways to reduce these affects
is critical to delivering product level importance. For example, one ¢lement that is

introducing additional variation is across chip spacer thickness variation.

[6GG3] More specifically, as silicon technologies offer constantly increasing
levels of integration and scaling, integrated circuit designers are continually
challenged to increase productivity and produce larger and larger designs with the
same or less resources. Smaller circuit elements, sometimes referred to as "macros,"
cach of which include a predetermined structure for a part of an integrated circuit (1C)
can be used repetitively for addressing this challenge. For example, the use of
repetitive circuit elements eliminates the need for the IC designer to continually re-
design sections of the chip, and therefore improves productivity. As a result, design
reuse methodology mmvolving the use of IC circuit elements has become an essential

part of IC design.



[0003]More specifically, as silicon technologies offer constantly increasing levels of integration and
scaling, integrated circuit designers are continually challenged to increase productivity and produce
larger and Ia\;&%uq%{%%swith the same or less resources. Smaller circuit %%pezr}]tsg sometimes
referred to as "macros,"” each of which include a predetermined structure FSr aUSar'% 6‘?%]5;ntegrated
circuit (IC) can be used repetitively for addressing this challenge. For example, the use of repetitive
circuit elements @itdhates tHeweed for dhedi-désignes 10 continukiycredsigiisagitons of the chip,
and therefore improves productivity. As a result, design reuse methodology involving the use of IC
circuit elements vasibeeored wh thsisestiat piattbt Bndasigng W @:2010/008¥48RGIMISRR09/047719
[0004]However, the designer that uses IC circuit elements is challenged to provide a product that has
predictable functHigrefon hesdig dieciiicaierhbpiisy Ohel thallergerisistatehing thesetectrical behavior
of two or more instances of the same circuit element in different locations in an IC design. This is
generally at oddsith Aemsitdfichffygararationdami sksisas TWhisreenepisctaddsthittoverall design
after the layout is complete, and after the designer has performed all circuit analyses. 100051In

particular, if the HEGRH SRRt ANS MR I CANP pIAYER HFulirRd il e P GtFr stengéerated dummy
shapes, the du fill shapes will be gutomatically placed around the circuit element. If the circuit
element is a ser:lt]é?t?i\fl %‘.‘F&ﬁﬁ?‘i‘?ﬁe&ﬂe&’@aﬁ%ﬁ?% \?ﬁg &' iRLRET TR A HSEAARE S the circuit element

function matches as identically as possible to every other instance within the IC. This is at odds with

auto-generated ¥y shapepeARINEYAIR WRiEAIW RgRIRLON A AANSIIPALAL-aGHRRs an 1C desion

such that different instances of the circuit element may find themselves in substantially different local
environments. That isy Jarseaqoauarantenthatdifierent instancesighihe.spmecircuit element wilt

see the same local environment, e.g., dummy fill and hole shapes, when placed within the IC design.
[00061Any resubingrmifaatghatit elesticahpaRrmeters e ds 1RSIaRt8ement is a sensitive

circuif, the designer may wish to insure that every instance of the circuit element

function matches as identically as possible to every other instance within the 1C. This

18 at odds with auto-generated dummy shapes, as they are typically located on a

consistent grid across an IC design such that different instances of the circuit element

may find themselves in substantially different local environments. That is, there is no

guarantec that different instances of the same circuit clement will see the same local

environment, ¢.g., dummy fill and hole shapes, when placed within the IC design.

[0600] Any resulting mismatch in electrical parameters (e.g., resistance,
capacitance, etc.) Is unknown to the designer, and acts to degrade the function of the
precision circuits in question. More specifically, even though the transistors may be
designed the same, the resultant device is a non-uniform design due to the placement
and shape of the dummy fill shapes. That is, the shape and density of the transistors
(gates) of the device will affect the area in which dummy fill shapes can be placed on

the chip which, in turn, will affect the characteristics of the transistor.



capacitance, etc.) is unknown to the designer, and acts to degrade the function of the precision circuits
in question. More specifically, even though the transistors may be designed the same, the resultant

device is a ngiy Yy sesign due to the placement and shape of the dumx@&l@%gﬁg% That is, the
u

shape and density of the transistors (gates) of the device will affect the area in whic mmy fill
shapes can be placed on the chip which, in turn, will affect the characteristics of the transistor. WO
2010/008748P CiPRAITL009/0% 718 0007 ks denesaniple, dbeaendinfbtthie dbspeemill affect the shape
and number of the dummy fill shapes, i.e., the more transistors the less space for dummy fill spacers.
And, due to suchaRERIHEe erranSistorpBrctniladeoshdattastthdiss smiltbonadisoted which
results in a tradeoff between speed and power consumption. For example, non-uniformity in design
results in transistor&P3FFas e h BUSI GRF S Tdeionss e iransittanarsferaane #hsume more and less
power. Taking this as a startin Point the device will be limited, e.q., only as fast, by the slowest of the
transistors. LikeSR&E% '388%?69& ORIESGH M GRS bR %%&?%W%B‘P@ﬁ% issue, many

designers attemg(g to inhtibitt automatic gener?tiontof.dlamm %r%% es in the vicinit¥ﬁof sensitive
circuits, and place alf téquited Uiy Shaped B HARE S 15%5 H? HEREVRE R SRS difficult for

the designer, angngsg&%aralIé/egetrimeﬂtgl tp the ovetlila}alg manufacturabil@ll and rg?L])roce%s window.

Accordingly, there exists aheed'in the an to overcome the dehciencies afd f ‘i‘fgtlon%kﬁgscnbed

hereinabove. SUMMARY,H905H 0'8hA585 8L HRHEDI00. SUHSIULS GUTIRIRES & plurality of

the transistors. Likewise, the device will consume more power.

16008] In order to address this issue, many designers attempt to inhibit the
automatic generation of dummy shapes in the vicinity of sensitive circuits, and place
all required dummy shapes by hand. This approach, howevér, 1s more difficult for the
designer, and is generally detrimental to the overall manufacturability and process
window. Accordingly, there exists a need in the art to overcome the deficiencies and

limitations described hereinabove,
SUMMARY

[0809] In a first aspect of the invention, a structure comprises a piurality of
dummy fill shapes in different areas of a device which are configured such that gate
perimeter to gate area ratio will result in a total perimeter density being uniform

across a chip.

[0010] In embodiments, the dummy fill shapes are gate structures in inactive
areas of the device. The dummy fill shapes have different shapes in a same area or

the different areas of the device. Example shapes include an E shape, a C shape, 2



dummy fill shapes in different areas of a device which are configured such that gate perimeter to gate
area ratio will result in a total perimeter density being uniform across a chip. [0010]In embodiments,

the dummy fill, shapes.@ig gate structures in inactive areas of the device. 'IP' 2 /9&'{5}3@}{ 4tj]}|1§hapes have
different shapes in a same area or the different areas of the device. Example shapes include an E

shape, a C shape, a concentric pattern, parallel and perpendicular gate portions, and parallel gates.
The different shaypescirtlupetspacerat teriapabout aupe imeterporticmobihe differantBhapes. A ratio
of the area of the spacer material to gate area is different about the different shapes. The spacer
material is formediigventghppasttipdetimicst ariiatbe region ot ttrepdeiioe! Thrediffactive gates and
spacer material form the dummy fill shapes and may be perpendicular to an inactive portion of the
substrate, overlaiith thedistthte e dibepazteheaonatiateats Beado difiorsiaimthifithe substrate
forming the inactive region of the device. [0011]In another aspect of the invention, a method comprises
generating dumriyTFHI3RES of ditreRart Shripid SRR O S aHIGR RO LTS Tl isReEs gate
perimeter and active gates gate perimeter in each localized area is substantially unifoirn such that the
gate perimeter d@ﬁé‘i@"iﬁ%ﬁ Sfacgrgggd@ﬁ%ﬂvmﬁ iFBRTTLRIEEAh Tommp o mihhother aspect of

the invention, a %I#ﬁmm ELlll shagee engrgltcoiacrgcmfrlses,a module c%rgégured to adjust or modify

different dummyT ISRapes Troughdut a devic unn]tlﬂ"_)ﬁlé”rr@ep@rg%g SPStHRIFn? Pl it area
density throughqyt gﬁg&&%%ﬁ%ﬁ%ﬁ ]ge%ﬁgg s%gggr%tg 5/ 15E completely within the substrate forming

the inactive region of the device.

[0011] In another aspect of the invention, a method comprises generating
dummy fill shapes of different shapes such that a sum of the dummy fill shapes gate
perimeter and active gates gate perimeter in each localized area is substantially
uniform such that the gate perimeter density and gate area density being uniform

across a chap,

[0012] In another aspect of the invention, a dummy fili shape generator
comprises & module configured to adjust or modify different dummy fill shapes
throughout a device until there is substantial uniform perimeter area density

throughout each of different areas of the device.

[0013] In yet another aspect of the invention. a design structure is embodied in
a machine readable medium for designing, manufacturing, or testing an integrated
circuit. The design structure comprises a plurality of dummy fill shapes in different
areas of a device which are configured such that gate perimeter to gate area ratio will

result in a total perimeter density being uniform across a chip.



[00131In yet another aspect of the invention, a design structure is embodied in a machine readable
medium for designing, manufacturing, or testing an integrated circuit. The design structure comprises
a plurality of ill.shapes in different areas of a device which are configured such that gate
perimeter to gﬁg@ﬁg@régo will result in a total perimeter density being un?%%(ﬁsﬁg?%gg%l%hip.
concentric pattern, parallel and perpendicular gate portions, and parallel gates. The different shapes
include spacer matersirzhoute: penaletenportipmatbthe differentehapes phaatiaattherrea of the
spacer material to gate area is different about the different shapes. The spacer material is formed over
at least a portionddfaenirhetiveinebidn sphithenthevioe atihe inaciivetgaiesiandfshadetsmaterial form the
dummy fill shapes and may be perpendicular to an inactive portion of the substrate, overlap with the
substrate extendsiEssthd Biipstfabe sicheldberipreralyuithih thesse bsirasalifereingliie ihactive region of
the device. [00111In another aspect of the invention a method comprises generating dummy fill
shapes of differeff8rapeiaechhrsneeumertrbiatimmey airermijrestganerpeririateinadivactive gates
gate perimeter in each Ifocalized area is substantially uniform such that the gate perimeter density and
gate area densitfFBOMG IRsOFHECI S L ERTp 2150 £94 AR assbraraRdesrdheTREFlon, a dummy fil

shape generator comprises a nt?odule C n{ligured to adjust or modify different dummy fill shapes
throughout a deViC& Ut RERe 18 RuBSEHIAT URifS R R rReTdra e bRy atsr SUEBUT EACh of

different areas of D §.66YIES < RN ¥ ABQNIR RS WA e S8R SIcg e °

the inactive region of the device,

[0011] In another aspect of the invention, a method comprises generating
dummy fill shapes of different shapes such that & sum of the dummy fill shapes gate
perimeter and active gates gate perimeter in each localized arca is substantially
uniform such that the gate perimeter density and gate area density being uniform

across a chip,

[6012] In another aspect of the invention, a dummy fill shape generator
compriscs a module configured to adjust or modify different dummy fill shapes
throughout a device until there is substantial uniform perimeter arca density

throughout cach of different arcas of the device.

[06G13] In yet another aspect of the invention, a design structure is embodied in
a machine readable medium for designing, manufacturing, or testing an integrated
circuit. The design structure comprises a plurality of dummy fill shapes in different
areas of a device which are configured such that gate perimeter to gate area ratio will

result in a total perimeter density being uniform across a chip.



a machine readable medium for designing, manufacturing, or testing an integrated circuit. The design
structure comprises a plurality of dummy fill shapes in different areas of a device which are configured

such that gatﬁ,@gm}&}g&o gate area ratio will result in a total perimeter d i%\g})@i unjfoiin across a
chip. WO 2010/008748PCMS2009/047719 BRIEF DESCRIPTION OF Tlflgéé Q%PVIEWS OF

THE DRAWINGS [001.4] The present invention is described in the detailed description which follows,
in reference to the ndBER|aRYFIPAIaM S TyENEYATT hah-WMTHIE ©XarafasRof WksGplary
embodiments of the present invention. [0015]FIGS. la-Ic show illustrative examples of dummy fill

structures for unifoiuiPener area density in accordance with the present invention;
[0014] The present invention is described in the detailed description which follows,

in reference to the noted plurality of drawings by way of non-limiting examples of

exemplary embodiments of the present invention.

[0015] FIGS. la-1e show illustrative examples of dummy fill structures for

uniform perimeter area density in accordance with the present invention;

[0016] FIG. 2 is a block diagram of a design environment in accordance with

the invention;

[0017] FIG. 3 shows a flow diagram implementing process steps in accordance

with the invention, and

{06018] F1G. 4 is a flow diagram of a design process used in semiconductor

design, manufacture, and/or test.
DETAILED DESCRIPTION

[0019] The invention relates to a design structure for spacer fill structures and,
more particularly, to spacer fill structures, a method of manufacturing and a design
structure for reducing device variation. More specifically, the present imvention
provides a method and desigp structure to control gate perimeter density such that it is
uniiform across the chip so that spacers form uniform thickness. In embodimlents, the
gate perimeter includes active and dummy gates. Advantageously, this results in
improved uniformity of the spacer thickness and hence improved device performance.
As such, the resultant device of the present mvention will optimally perform at design

speeds and power consumption.



[0016]FIG. 2 is a block diagram of a design environment in accordance with the invention; [0017]FIG.
3 shows a flow diagram implementing process steps in accordance with the invention; and [0018]FIG.
4 is a flow diggram of a design process used in semiconductor design, manufacture, ancUor test.
DETAILED M@%ﬁN [0019]The invention relates to a design structlire %?’zg?))ébc‘g? il structures
and, more particularly, to spacer fill structures, a method of manufacturing and a design structure for
reducing device [ag@tion. Morargpesificaliyn the phesent inyeriigropayidesmaymethacanet design
structure to control gate perimeter density such that it is uniform across the chip so that spacers form
unifolin thickness. finsehiboditrentsihth eagaperperinnetegainchedestac iasanid wummiifigaties of
Advantageously, this results in improved unifoiuiity of the spacer thickness and hence improved device
performance. Adhsugsite tisamstuldansde idewtiad prasevithioventdiiwil tistienialrqaeifoiily at design

{(which is critical for lithography patterning, etch, and anncals). Thus, it is

contemplated by the invention to control the total gate perimeter density (active and

dummy) so that the total perimeter density is uniform across the chip.

[0821] FIGS, 1a-ie show illustrative examples of dummy fill structures for
uniform perimeter area density in accordance with the present invention. It should be
recognized that FIGS. la-le are not to scale and that in implementing the present
invention the gate perimeter and gate area are modified such that the gate perimeter
and gate area can be made uniform. As seen in these representative illustrations, by
adjusting the shape of the dummy gate structure it 1s possible to change the gate
perimeter to gate area ratio thereby allowing modification of the gate perimeter
density in localized areas without modifying the gate area density. Those of skill in
the art will realize that the embodiments will result in spacers forming uniform
thickness. Also, those of skill in the art will recognize that the dummy fill structures
0f F1GS. la-1e are merely illustrative examples of the different shapes that are
contemplated by the nvention. As such, the present invention contemplates many
different fill structure shapes including, in embodiments, a combination of standard
fill shapes with non-standard fill shapes. The shapes shown in FIGS. 1a-Te should

thus not be considered limiting features of the present invention.

(6022} More spectfically, FIGS. la-le show dummy gates 100 of different
shapes formed in an inactive area 200 of the device. The dummy gates 100 may be

manufactured using conventional lithographic and etching processes, and may

6



speeds and power consumption. WO 2010/008748PCT/US2009/047719 100201In implementation, by
adjusting the shape of the dummy gate structure it is possible to change the gate perimeter to gate

area ratio. TRi dification of the gate perimeter density in locali i t modifying
§ hes718 Zé? §?@3¥\ﬂ+ ub‘

the gate area density (which is critical for lithography patterning, etch, and annea S, itis
contemplated by the invention to control the total gate perimeter density (active and dummy) so that
the total perimetergsnsitjoiscamifprenmatyessehe EhipndQ02 k16 AW, teejeoshiowclustriative examples of
dummy fill structures for uniform perimeter area density in accordance with the present invention. It
should be recogsilze thids TG SEia3e idre ndsecyraleasrd mrieta N éenantrgatidhsresent invention
the gate perimeter and gate area are modified such that the gate perimeter and gate area can be
made uniform. ASEBERTRRedeoidpreiBrtatvanysiationt) by Hyjastkey wcsikbpisriddummy gate
structure it is possible to change the gate perimeter to gate area ratio thereby allowing modification of
the gate perimet@F G A BT S idre JUNGRRS G GBRRARe Ry te A aHisksty "ose of skill in
the art will realize that the embqdiments will result in spacers forming uniform thickness. Also, those of
et d ey e

skill in the art wilf FEEBRIZE¥h A THE JuINwAT il SHrudtra S8 Eits 874 82y PEF R hustrative

examples of thefdifferc?nt.shages that ar comiempla eg P}ﬁ the invention.. sdsuch, th% present
. . orlme USH%C avf?ntlonqrﬁe OS100N ang CiCnll %PI’ CESSES,. whilch 40 10t nee . .
invention contemplates many different fill structure shapesincluding,’in embodiments, a combination

of standard fil shanes withnan;sRRdRr UL ANAASS. TS shapsshgun I FIGS Ja:ig afiould thus ot

be considered limiting features of the present invention. 100221More spe a-le show
dummy gates 1%9&9&%@&%% form the dummy fill structures.

[6023) In implementing the present invention, it is possible to control the
spacer density (area of the spacers) about the dummy gates 100 by providing different
shapes of the dummy gates 100. This, in turn, allows the designer to control gate
perimeter density to be uniform across the chip so that spacers form of uniform
thickness. The gate perimeter includes active and dummy gates. In impiementation,
by adjusting the shape of the dummy gate structure it is possibie to change the gate
perimeter to gate area ratio. This allows modification of the gate perimeter density in
localized areas without modifying the gate area density (which is critical for
lithography patterning, etch, and anneals). Thus, as a result of modifying the ratio of
gate arca to gate perimeter for area uniformity across the device, if is possibie to
ensure uniformity of processing across the device. This uniformity of processing, e.g.,
thermal annealing and etching process across the entire device, will ensure that the
device will run at design speeds and power consumption. That is, the present
mvention will reduce processing variations resulting in more or less leaky and/or non-

leaky gates and hence consistent Vt across the various transistors,



shapes formed in an inactive area 200 of the device. The dummy gates 100 may be manufactured
using conventional lithographic and etching processes, and may comprise, for example, polysilicon.

The |nact|vev96eﬂigﬁ8{3m§y be, for example, a silicon substrate. FIGS. Ia-égcﬁlﬁﬁzs(jr{}g\é\g;ﬁacer material

300 formed about the perimeter of each of the different dummy gates 10 e Spacer material 300

may be, for example, a thermal oxide, nitride or a combination of oxide and nitride, all well known to
those of skill in tH@Z#1. The Bidacershateral30ypay H6depbsitechand fafted, wsing canwéntional
deposition and etching processes, which do not need further explanation herein. As should be
recognized, the phuntiriyaorhtespand sdsppetive s gadhis rrated ahfoiyribthdudumngytédl SiPuatdires. 1-00231In
implementing the present invention, it is possible to control the spacer density (area of the spacers)
about the dummiip#fatesatomby0providih g it & shaipespotiiae efifmybyas2000 Fifis!tin turn,
allows the designer to control gate perimeter density to be uniform across the chip so that spacers
form of uniform BHRKM&IEURRE ghtRmanhsatey 18 iR erkbRvEcERMRIm AR ALY - R pRementation, by

adjusting the shape of the dummy gate structure it is possible to change the gate perimeter to gate

area ratio. This SARNEPREAREGECH BRI EYatd Berrarddr dea sty izt leead hihseh modifying
the gate area density. (Which is critical for lithography patterning, etch, and apneals). Thus, as a result
of modifying theni%%%)%gtelgﬁg SF@&S\%%@P@%‘%?&%& U f§?ﬁﬁﬁ)}%§c?8 Shie'faateEe’t is possible
to ensure uniforyly,of progessing.astoss. the device. Thisuniformly ofipragessing, gy, thermal
annealing and etching proce}és across the entire &evice,“wﬁ?ensﬂ“re that the’ device will run at design

speeds and powgﬁecwmgiaﬁgg/%ga isothg, prasentipysRionwill Jedies RIaGEssIng varations

resulting in moreé or less leaky a non-leaky gates and hence ‘consistent Vt across the various

transistors. WOR010(0087ABRCTHSA0PUAF A I09RARIGBSHM2 HHRIDLGALE,LA0 in the

shape of an "E", which includes
the substrate 200. FIG. 1d shows three parallel dummy gates 100. In this and other

embodiments, the gates and spacer material forming the dummy fill shapes can be
perpendicular to a substrate forming the mactive region of the device. FIG. le shows
dummy gates 100 in a substantially concentric pattern, with a large area for spacer

material 200 i a muddle of the structure.

[0025] As discussed above, other shapes are also contemplated by the present
invention in order to change the gate perimeter to gate area ratio. Also, as seen from
these figures, as it is possible to control gate perimeter density o be uniform across
the chip, the spacers will form of uniform thickness. This will ensure that the
thickness of the spacer material on active transistors will be more uniform across the
device, as different patterns can be used in different areas. Also, as secn in these
figures and contemplated by the invention, the gates and spacer material forming the
dummy fill shapes can be perpendicular to the substrate, overlap with the substrate,
extend past the substrate and be completely within the substrate forming the inactive

region of the device.



parallel and perpendicular portions. In this embodiment, the dummy gates 100 and spacer material
300 extend beyond the inactive portion of the substrate 200. FIG. Ib shows a plurality of dummy gates
100 in a gri e specifically, FIG. Ib shows nine distinct dummy gates 100, each having
perimeter a?‘ég(?sgﬁﬁrggd}{l%& spacer material 300. In this embodiment, some¥ the 4t Mrﬁvggates 100 and
spacer material 300 extend beyond the inactive portion of the substrate 200. FIG. Ic shows a dummy
gate 100 in the $tedsd of a "Chukn dhisremiboflimeaiifidhapbrieas/oh ticiegs afrthrtcshape dummy
gate 100 and spacer material 300 extend beyond the inactive portion of the substrate 200. FIG. Id
shows three paradiestitlaemyngaicbcl®acdntbhisans abthe tenabodiments, The gafesrandospacer material
forming the dummy fill shapes can be perpendicular to a substrate forming the inactive region of the
device. FIG. le sitgoes eaipris} hetas SO0 imasiubelantiaiiye comeerasidgyatearerfovitue tarigecarea for
spacer material 200 in a middle of the structure. 100251As discussed above, other shapes are also
contemplated by thEBY&seREAPE TP R EHTadoE R iGR e dgsteeheiniftiter 89 dite area ratio. Also,
as seen from these figures, as it is %ossible to control gate perimeter density to be unifolut across the

chip, the spacerZaRMSITt BrfifsrC IS S SRS ARSI HHAETHE tRRSESSNSMfie spacer

material on active transist%rs wil.I be more uniform across the device, as different patterns can be used
in different areagfnlﬁ'é%l?gg seen in these figures and contemplated by the invention, the gates and
spacer material foilling the dummy fill shapes can be perpendicular to the substrate, overlap with the

substrate, extend past the substia{g anehbe ERARIRIBIY Wit fhe sHbstage forming the inactive region
of the device. WO 2010/008748PCT/US2009/047719 [0026]Thus, as a result of the different shapes

with different perimeters, it is
{0627} FIG. 2 is a block diagram of & design environment 90 in accordance with

the mvention. The design environment 90 includes a customer design system 92 on
which a designer designs an integrated circuit (IC), and a fabrication design system
100 that receives the Liesign, modifies the design and generates the IC. Typically, a
customer of the fabrication design system 100 designs an integrated circuit on the
customer design system 92 and provides data for fabrication by system 100. It should
be recognized, however, that this environment is illustrative only, and that the

Invention may be employed in other environments.

[0028] For purposes of brevity, the structure of fabrication design system 100
only will be described, although the customer design system 92 may include similar
structures. The system 100 is shown implemented on computer 102 as computer
program code. To this extent, the computer 102 is shown inctuding a memory 112, a
processing unit (PUY 114, an input/output (YO) interface 116, and a bus 118. Further,
the computer 102 is shown in communication with an external /O device/resource
120 and a storage system 122. The bus 118 provides a communication link between

each of the components in the computer 102, the 1/0 device 120 and the storage



possible to control the spacer thickness about the active gates. The unifoi may of the spacer material
thickness 300 will result in more improved device performance since the implant Location will be more

unifol in bet B, 6@&?%‘ In this way, the transistors and hence the device, ] r ifoiin or
consistent ir\lﬁggee and4power consumption. ENVIRONMENT AND SYS%EW@&@H‘RN [0027]FIG.

2 is a block diagram of a design environment 90 in accordance with the invention. The design
environment 90 spchidéd’a distdeedesitil systemmPsonnyhich@ designbtedesiginsan integrated
circuit (IC), and a fabrication design system 100 that receives the design, modifies the design and
generates the 1GuTspstcaity caronstonie? 6f thédabricdtiprdagigiegystdisp@Oetiesigns an integrated
circuit on the customer design system 92 and provides data for fabrication by system 100. It should be
recognized, however.that this environment is illustrative only, and that the invention may be employed
in other environh18Ats. (0028 BB TESEECEF MR SRR S FRIPY BF PApFRR A Y 8Y Sy stem 100
only will be described, F&rcﬁl}]qh the customer deii%[ s?;tem 92 ma incallﬁe jmilar structures. The
system 100 is sROWR implertientdd on Computer 1028 85?5%]'&?&55%66@? cOdB: T T Btent, the
computer 102 is,shown including.a me 112, a processing unit (PU) 114 an input/output (110)
interface 116, aﬁ% aC%mLPsutlefé’.r ?ﬁ??{ﬁgﬁ({ng%@rlﬁﬁssf‘é&l%?; icsa%tl%%vr? Ifé/%%)ﬁwrﬁ%eu%%%ﬁ%%ov%h an external

1/0 device/resoug;&ljog?le}@gs@oﬁgéa&ggte}}{sltﬁpaﬁg%}.'f/@aﬁg%g.}goprovides a communication link

between each of the components in"‘the computer 102, the I/O device 120 and the storage

[0636] Alternatively, a user can interact with another computing device (not
shown) in communication with the computer 102, In this case, the IO device 116 can
comprise any device that enables the computer 102 to communicate with one ot more
other computing devices over a network (e.g., a network system, network adapter, I/O
port, modem, etc.). The network can comprise any combination of various types of
communications links. For example, the network can comprise addressable
conﬁections that may utilize any combination of wireline and/or wireless transmission
methods. In this instance, the computing devices {e.g., computer 102) may utilize
conventional network connectivity, such as Ethernet, WiFi or other conventional
communications standards. Further, the network can comprise one or more of any
type of network, including the Internet, a wide arca network (WAN), a local area
| network (LAN), a virtual private network (VPN), etc. Where communications occur
via the Internet, connectivity could be provided by conventional TCP/IP sockets-
based protocol, and a computing device could utilize an Internet service provider to

establish connectivity to the Internet.

[0031] The memory 112 and/or storage system 122 may reside at one or more

physical locations. The memory 112 and/or storage system 122 can comprise any
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system 122. The 1/O device 120 can comprise any device that enables a user to interact with computer
102 (e.g., keyboard, pointing device, display, etc.). [00291In general, the processor 114 executes
computer pr such as system 100, that is stored in memory 112 and/or storage system
122. While e%{ge%ﬂ]l(r)?g? ’ %gcomputer program code, the processor 114 canpférggsgg(g/gﬁﬁrglte data
to/from memory 112, storage system 122, and/or 1/0O device 120. [00301Alternatively, a user can
interact with ancihebeatipuifigudend cepatf showpn:ineaatiuncki endwith-iberdosapuiedik02. In this
case, the 1/0 device 116 can comprise any device that enables the computer 102 to communicate with
one or more otherxchamputirgclevived o veticehesdork {edgm awesvodasy stéin Metwatkddapter, 1/0
port, modem, etc.). The network can comprise any combination of various types of communications
links. For examplenpey fetNdrkactatecdnsprists aliurdssabie wolmsetid tis:tivat wrayautilize any
combination of wireline and/or wireless transmission methods. In this instance, the computing devices
(e.g., computer 1¢dipRalcompRneA R AL SHEPReTBYRe CHABCIR Yo 8T scEtrR Bisdtolwieilor other
conventional communications standards. Further, the network can comprise one or more of any type
of network, incluilfy BEWEFISE- d Wb SFER nBESTRIVARS? 498 CAMEFES ABRERIRYLAN), a virtual
private network VPNg,. etc, Where communications occur via the Internet, connectjvity could be
provided by conV&RAOHH B APEB AR SHRTo Aot SHTeP L BRI ERiAaE e st dtilize an
Internet service gro.videgcto establish connectivity to the Internet. [00311The memory 112 and/or

storage system %Vécﬁﬁgy reside at one or more physical locations. The memory 112 and/or storage

system 122 can comp se any
[0032} The fabrication design system 100 includes a dummy shape generator

104 and other system components 106. The dummy fill shape pattern is automatically
generated between circuit elements by the dummy shape generator 104 in accordance
with the invention, For example, depending on the density and size of the circuit
elements, e.g., active devices, the dummy shape generator 104 will select different
dummy fill shapes throughout the device to ensure uniform gate perimeter density
throughout the device. This will, in turn, result in more uniform fabrication
processes, which will eliminate processing variations that may affect overall device
performance. The customer design system 92 may include a circuit (ckt.) element
placer 110. A user can place circuit elements throughout a design using circuit

element placer 110 of customer design systemn 92,
METHOD

[0633] FIG. 3 is a flow diagram impiementing steps of the invention
implemented in the environment of FIG. 2. The invention can take the form of an
entirely hardware embodiment, an entirely software embodiment or an embodiment

containing both hardware and software elements. The software elements may be
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combination of various types of computer-readable media and/or transmission media including
magnetic media, optical media, random access memory (RAM), read only memory (ROM), a data
object, etc. EHHB%)/H@&? &nderstood that one or more additional componeg&gﬁsgnog,}{gg@ software,
math co-processor, etc. can be included in the computer 102. To this extent, the computer 102 can
comprise any type of computing device such as a network server, a desktop computer, a laptop, a
handheld devicefistefe082iddne faltviction desida siestEmthOtnirelutie suacdtinmmynshiapthgenerator
104 and other system components 106. The dummy fill shape pattern is automatically generated
between circuit éhsphehtscoymERIvETIShragact aeveratide fiounin exupvdincebidter tvenipvention. For
example, depending on the density and size of the circuit elements, e.g., active devices, the dummy
shape generatof FIANGIFSAIEEY RIRfarstE PRASHY $rsHRES thr St gherNP e vitB G ERBHLE uniform
gate perimeter density throughout the device. This will, in turn, result in more uniform fabrication

processes, whicA Y SHHFER SRGEREHY YamaliBh L e PRass £ dus J5erantitdvit eopdiEimance. The
customer design s% tem 92 may incl g aci 'CUit?%% .%Ielement_ lacer 110. A user can place circuit
elements througﬁ%uieaoag%%‘ﬂl Sieke (g W%c{éurﬁ’e %1 &&f iﬁ@%&‘&@%rﬁ@ HEEGh Ytem 92.
METHOD [OOBB&FIG. 3 isa%flow diageram im qég?rﬁgeéig%stergsfof theFinvention im Ieme%%g in the

e the torm f

environment of FIG. 2. The inventon t%hfaa ©f an entire 3}’ Rardwareem a?fj]iment, an

entirely software, pRedingoL ar.an &mACIPELoNIAING DI hRmvRre pad soltuaks, lements.

The software elements may be firmware, resident software, microcode, etc. Furthermore, the

invention can take, the-form,of 8 gemBHeL IR ARIOALSL ARGEsRIRIS Tam.A GompYis Lsable or

computer-readable'medium providing program code for use by or in connection with a computer or any

instruction execytigRS¥eMoFQathn PWRESESFREMISdesariptian & sompulatisahle.er.gomputer
readable medium can be any apparatus that can contain, store, communicate, propagate, or transport

the program for wsenbycatinteoanestindthdheinsiuciion execyionsysieruapraratus, or device.
The medium can be an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system (or appadafusteratevite) eccasprapagatiAanediuendexamplescef armoRputagikadable medium
include a semiconductor or solid state memory, magnetic tape, a removable computer diskette, a
random access megnory ¢RIAMY, @ et nhglm & moeyt (ROM) caafgiptivwhgisiticndiskeandnaacpptical disk.
Current examples of optical disks include compact disk - read only memory (CD-ROM), compact disk -
read/write (CD-Risk)-ane only memory (CD-ROM), compact disk ~ read/write (CD-R/W) and

DVD.

10634} In embodiments, the invention provides a method that performs the
steps of the invention on a subscription, and/or fee basis. That is, a service provider,
such as a design house, could offer to perform the processes described herein. In this
case, the service provider can create, maintain, deploy, support, ¢tc., the computer
infrastructure that performs the process steps of the invention for one or more
customers. In return, the service provider can receive payment from the customer(s)
under a subscription and/or fee agreement and/or the service provider can receive

payment from the sale of advertising content to one or more third partics,
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DVD. [00341In embodiments, the invention provides a method that performs the steps of the invention
on a subscription, and/or fee basis. That is, a service provider, such as a design house, could offer to
perform the wﬁ%f‘% %gscribed herein. In this case, the service provider can create, maintain,
deploy, support, etc t%e computer infrastructure that performs the proceggygf‘)zso%)f%”g%vention for
onc or more customers. In return,the service provider can receive payment from the customer(s) under
a subscription analidffee agretmisnttamd(@rihe sepvioe, prosidersairéeceivepaymensftem the sale of
advertising content to one or more third parties. WO 2010/008748PCINTS2009/047719
[0035]Referring tonrdGoBsatngtep tho0jraudesgmeof ciacuipélbmantsrispdesiges) sising Afostexample, the
circuit element placer of the customer design system. At step 105, the design is provided to the
fabrication desigh'sydtefssigroptioriiedel theCzbneahomdsyishayecgenstatorogehseateHgtneric dummy
fill shapes in empty spaces of the chip. in embodiments, the dummy shape generator may divide the
chip into areas BHFEHSHRTpIENSTHIeKiSRITAS favs Esrduntate FHbhanen il exniteseiogseotHip or any
number of other methodologies, at step 115. At step 120, the dummy shape generator calculates the
entire gate periniBr ot BIRF B (B GiugeisiEp a s gRTE navdBrd sihn apdaly WereMmay include
;h;ng;g?;pg g{'efggﬁgg,ggﬁggg%?sgg 1500 Actie evses- PSS SIGR 1 e, qummy shape

- number of other methodologies, at step 115. At step 120, the dummy shape generator
calculates the entire gate perimeter for each area (e.g., a sum of all gate perimeters in
the area), which may include the dummy fill shapes (inactive devices) and active

devices.

{0036] At step 125, the dummy shape generator determines if the gate
perimeter to gate area ratio will result in a total perimeter density being uniform
across the chip. If so, the 1C device can be fabricated. If not, at step 130, the dummy
shape generator will adjust the dummy fill shapes to ensure that all gate perimeter to
gate arca ratio will result in a total perimeter density being uniform across the chip.

Once this is determined, the IC device can be fabricated.

[0037] The processes above may be iterative until a uniform density is
calculated. Alse, it should be rec;ognized that step 110 may be eliminated such that
the dummy shape generator will calculate the dummy fill shapes and the area of the
spacer material around the dummy fill shapes based on the design of the active circuit

elernents.
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perimeter to gate area ratio will result in a total perimeter density being uniform across the chip. If so,
the IC device can be fabricated. If not, at step 130, the dummy shape generator will adjust the dummy
fill shapes t Il gate perimeter to gate area ratio will result in a total perimeter density
being uniforcrknﬁggrbjcl)@g tqégéhip. Once this is determined, the IC device canpgren%%ﬁ%gé%al 00371The
processes above may be iterative until a uniform density is calculated. Also, it should be recognized
that step 110 may be eliminated such that th&SkihnS{TRE&[EE Ggherator will calculate the dummuy fill
shapes and the area of the spacer material around the dummy fill shapes based on the design of the
active circuit elements. WO 2010/008748PCT/US2009/1147719 DESIGN STRUCTURE [0038]FIG. 4
shows a block di48#8h of arf Exehiprary delSigfhfiasiconel aassorbrafmsien Mose it oaeilittor design,
manufacturing, and/or test. Design flow 900 may v%y depending on the type of IC being designed. For

example, a desiGFFTR IBGTH BUMURY drsiePpRAiFrepBEtfrorASicP R deaR8mMa design flow
900 for designing‘asand rd component i%Lr m a design flow 900 for nstantiating the design into a
programmable array, fOr e%g%%}rg}% B??)eg?g rﬁgﬁl%%fﬁ%%g rz%?‘(ﬁ@ﬁl? it A Péf&“pﬁB ralthible gate
array (FPGA) oféer. (ﬂnb a@gerﬁggﬁlgncs or, %‘I‘l’lTé( Ag}% %%sig{lffsgr cture d92f0 isﬂprejﬁg@l}{ an input to a
design process Tg a maﬁip(':ome'frgm an érovlaer, core ﬁé’\{}“e opeé;%,g%r other de%ign company or

may be generagd i e ORSIBIR alifGdesinla: A lia R seuses. BRI Sutre 920

comprises an embodimént of the invention as shown In a-ic in the ematics or HDL, a

hardware-descrighon JaRouage K& dray el Sk MR R Sro Qﬁé@d@e %gﬂ;% gggrlg@%lge contained
m

on one or more machine-readable media For example, design structure 9 ay be atext file or a

graphical represgatinmef an.embedimeohgidifedniionas sROWNINIFI@Sndats.dRgsign process

910 preferably synthesizes (or translates) embodiments of the invention as shown in FIGS. la-ic into a

netlist 980, whegrinetlistf80sisrforaxaampliena lish atwiesoransistoisd lagiccgatesoseatrat circuits, 1/0,
models, etc. that describes the connections to other elements and circuits in an integrated circuit

design and recopdedden atteastoriepof, mashinelseigtd abtepmadia nagrbexsmpiesdhe medium may be a
CD, a compact flash, other flash memory, a packet of data to be sent via the Internet, or other
networking suitailersreaish T e igyrithesis nay bthersiteratvEprocessdnwlithoethstG8a is
embodiment of the invention as shown in FIGS, la-le in the form of schematics or
HDL, a hardware-description language (e.g., Verilog, VHDL, C, etc.). Design
structure 920 may be contained on one or more machine-readable media. For
example, design structure 920 may be a text file or a graphical representation of an
embodiment of the invention as shown in FIGS. la-le. Design process 910 preferably
synthesizes (or translates) embodiments of the invention as shown in FIGS, la-le
mio a nethist 980, where netlist 980 is, for example, a list of wires, transistors, logic
gates, control circuits, /O, models, etc. that describes the connections to other
elements and circuits in an integrated circuit design and recorded on at icast one of
machine readable media. For example, the medium may be a CD, a compact flash,

other flash memory, a packet of data to be sent via the Intemnet, or other networking

suttable means. The synthesis may be an iterative process in which netlist 980 is
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resynthcs zed one or more times depending on design specifications and parameters for the circuit.
[0039]Design process 910 may include using a variety of puts; for example, inputs from library

elements 93@‘\5\/5“5:@ yghouse a set of commonly used elements, circui§cm2ﬁ§9¥jﬁ ﬁ,gincluding
models, layouts, and symbolic representations, for a given manufacturing technology ?e.g., different

technology nodes, 32nm, 45 nm, 90 nm, etc.), design specifications 940, characterization data 950,
verification datar®8Gtakesign sutes vl amestéspaisliaditesdo8r(wivichi madyninoldgertestipatterns and
other testinginformation). Design process 910 may further include, for example, standard circuit design
processes such s timitigihalysis, verification, design rule checking, place and route operations, etc.
One of ordinary skill in the art of integrated circuit design can appreciate the extent of possible
electronic design in design_process 910 without deviating from

6 § mation, tools and a glications sed "

the scope and spl #cﬁ‘ the | Eﬁ%ﬁ.rf)‘ﬁ?g dESTH Bﬁ?ﬂégldﬁtﬁéq%‘é’rﬂfdﬁ%tﬁéﬂiﬁﬁ‘ﬁga’lﬁ any specific
design flow. [00401Peh§:i n.process 910, 5er{~ blg translates an e bodime?t of t elinvention as
shown in FIGS. 181 Sé, g?gng %Whefr%egépéi%oﬁgll?ntgﬁyaﬁgasgir@cﬁeﬁ(g;éjﬁfé]ﬁng? datyif §B}§ﬁ€:%ible), into a

second desian UGS, 990 DESNAIMEYER0SSIHes 49 & sioiA0e. mediyinin. 2 deta format used

for the exchange of layout data of integratéd circuits and/or symbolic da orma%o(%?’g.oln?ormation

stored in a GDSI{(GDS2), Rk in OARR14PaP e % AL RN Stable format far Storipg such design

structures). Design structure 990 may comprise information such &s, for example, symbolic data, map

files, test data filgs, desigrcenteatifilesionanaghiing dattnlaners RRrAmeters e dgvels of metal,

vias, shapes, data for routing through the manufacturing line, and any other data required by a

semiconductor m@ikfactsyento pducarmbedisigrisiaf he inventionassReWRia &ifeS. la-le. Design
structure 990 may then proceed to a stage 995 where, for example, design structure 990: proceeds to

tape-out, is releassddanbanufaaiuringiis peleasesl onayask fidusadis Serkieproterddelsign house,
is sent back to the customer, etc. [00411The method as described above is used in the fabrication of
integrated circuit design processes such as timing analysis, verification, design rule checking,

place and route operations, ctc. One of ordinary skill in the art of integrated circuit

design can appreciate the extent of possible electronic design automation tools and

applications used in design process 910 without deviating from the scope and spirit of

the invention. The design structure of the invention is not limited to any specific

design flow.

[6040] Design process 910 preferably translates an embodiment of the invention
as shown in FIGS. la-le, along with any additional integrated circuit design or data
(if applicable), mto a second design structure 990. Design structure 990 resides on a
storage medium in a data format used for the exchange of layout data of integrated
circuits and/or symbolic data format (e.g. information stored in a GDSII (GDS2),
GL1, OASIS, map files, or any other suitable format for storing such design
structures). Design structure 990 may comprise information such as, for example,
symbolic daﬁt, map files, test data files, design content files, manufacturing data,

layout parameters, wires, levels of metal, vias, shapes, data for routing through the
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circuit chips. If the invention is a semiconductor chip: The resulting integrated circuit chips can be
distributed by the fabricator raw wafer foli (that is, as a single wafer that has multiple unpackaged
chips), as a ' a packaged form. In the latter case the chip is mounted in a single chip
package (su%ﬁiggqg?%%%%c carrier, with leads that are affixed to a motherbGard 81 other ]ﬁigher level
carrier) or in a multichip package (such as a ceramic carrier that has either or both surface
interconnectionsranbiadediintéco andetipngler daanie gasel the chipisthivntintegratechwithother chips,
discrete circuit elements, and/or other signal processing devices as part of either (a) an inteiuicdiatc
product, such agrednotivenbodrdss (b} imnrerdtprogudtoThéndnd Broellet dausipe simytoreduct that
includes integrated circuit chips, ranging from toys and other low-end applications to advanced
computer produ@t¥ meviriben plispred iaakeytodd whoth&rinpundlevibeicartrecoen il processor.
[00421The teiminology used herein is for the purpose of describing particular embodiments only and is
not intended to BEPRRSHG BPfeThveriiniche ey hetsingthereiprsattiofomask-beusans &y "the” are
intended to include the plyral forms as welt, unless the context clearly indicates otherwise. It will be
further understo@oaﬂ?ﬁ% SR ROUSE L B ek A/ B CETRBISINE " when used in this specification
specify the presence of stated features, integers, steps, operations, elements, and/or components, but
do not preclude f presencor addiian AL ane 1 MO qlley [eatutgs, Iiegers, slens, pperations.
elements, components, and/or groups thereof [00431The corresponding structures;" materials, acts,

and equivalents gfall BAGANS O StER-PS fy9gy’m%%ﬁ@&laﬂ{bFh%&l%ﬁhmﬁ@?ﬂ&\é%liitmﬂi‘cﬁ?'e’ are

intended to include any structure, material, or act for perfoi ing the function’ in combination with other

claimed elementss spesificathnelaimed:Ths-dassintion ehiberprasant invantiondias,been presented
for purposes of illustration and description, but is not intended to be exhaustive or%_imited to the

invention in the fasmeisclossd UMarymnedifigations aat vasjations wilkbe-amparent te:thase of ordinary
skill in the art without departing from the scope and spirit of the invention. The embodiment was
chosen and describeitkinhirderinhedtiexpiairdhbiprinciptes afcthes inyaistionaane. thetpractical
application, and to enable others of ordinary skill in. the art to understand the invention for various
embodiments withharielfsxmodificatibnsesdre shitedi thahie whdicttay use eontkiviglated. While the
invention has been described in teitns of embodiments, those of skill in the art will recognize that the
invention can b@ssaidstolith hedificativnstaher imsieatispint boilt sodpe ofithevappendedrclaims.

buried interconnections). In any case the chip is then integrated with other chips,

discrete circuit elements, and/or other signal processing devices as part of either (a) an

intermediate product, such as a motherboard, or (b) an end product. The end product

can be any product that includes integrated circuit chips, ranging from toys and other

low-end applications to advanced computer products having a display, a keyboard or

other input device, and a central processor.

[0042] The termnology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singular forms "a", "an" and "the" are intended to include the piural forms.as weil,
unless the context clearly indicates otherwise. It will be further understood that the

terms "comprises” and/or "comprising," when used in this specification, specify the

presence of stated features, integers, steps, operations, clements, and/or components,
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What is claimed is: 1. A method, using a Computing device, comprising generating dummy fill shapes
of different shapes such that a sum of gate perimeters of the dummy fill shapes and active gates in

each Iocaliz%goa{&%léﬁggwstantially uniform such that result is total gate pﬁg{’?ﬁé%ﬁ&?ﬁ}? being

uniform across a chip. 2. The method of claim 1, further comprising determining acircuit design of
active transistors prior to the generating the dummy fill shapes within the plurality of predetermined
areas. 3. The niethédnof ptainde, tivhpreientheplddatity of predeterminddofeasarerdivided by at least
one of functionality of circuit elements and real estate of the chip. 4. The method of claim 1, further
comprising calc§feBhgrestinnefadpmeparivenerstior andlaralitpps themefy gates in each predetermined
area in the chip. 5. The method of claim 4, wherein the sum is provided for at least the dummy fill

shapes. 6. Theﬁgg\od of ¢laim 5, wherein the dummy fill shapes includes spacer material about a
perimeter thered! " ¥/ The meth Gy SFRPATHS SEHTHEr S BISHE g S @BthTg tha gt balimeters to gate

i " . ined area has iform total gate perimeter
area ratio for durrgerg sf(lz!lr §£%p?€ chiihat,each,p rpms%elow,ai appl?celi{bq 0 dgg P

redete
density and gate perimeter eg?ﬁ?gda Sﬁﬁﬁ%tséﬁig?ﬁ cla €, are inten

to include any structure, material, or act for performing the function in combination
with other claimed elements as specifically claimed. The description of the present
invention has been presented for purposes of illustration and description, but is not
intended to be exhaustive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of ordinary skill in the art
without departing from the scope and spirit of the invention. The embodiment was
chosen and described in order to best explain the principles of the invention and the
practical application, and to enable others of ordinary skill in the art to understand the
invention for various embodiments with various modifications as are suited to the
particular use contemplated. While the invention has been described in terms of
embodiments, those of skill in the art will recognize that the invention can be

practiced with modifications and in the spirit and scope of the appended claims.
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8. The method of claim 4, wherein the calculating determines when a combined gate perimeter area
density for combined dummy fill shapes for each of the predetermined areas is uniform. 9. The
method of claim 8, wherein the steps are iterative. 10. The method of claim 1, further comprising
generating generic dummy fill shapes and adjusting a gate perimeter to gate area of the generic
dummy fill shEFEE FRIMSEEetermined areas has a uniform total gate perimeter density in each of the
predetermined areas. 11. The method of claim 1, wherein the generating the dummy fill shapes of
different shapes inc¢lud nerating the dummy fill shapes.such that the different shapes include

1 perirtel A S PINBL e 2t e LI B T SRARET (e cummy fil

different gate  perimeter
shapes inclgtlesespeictiffenent sbd pdsosich peaimeatemthegetsf perharicased thictderspadér material is

different abauiie diffesemShaRaSH L3 RAn kel sl i igheiEAmBLSigAdiusting the gate

perimeters to the gate area ratios for the dummy fill shapes such that the total gate perimeter density
and gate peffinididt itaLoale RRIfHRE HHRRRM AR A MREN 3908 ARABd comprising: using a computing

device for:
2. The method of claim 1, further comprising determining a circuit design of
active transistors prior to the generating the dummy fill shapes within the plurality of
predetermined areas.

3. The method of claim 1, wherein the plurality of predetermined areas are

divided by at least one of functionality of circuit elements and real estate of the chip.

4, The method of claim 1, further comprising calculating a sum of gate

perimeters for a plurality of dummy gates in each predetermined area in the chip.

5. The method of claim 4, wherein the sum is provided for af least the dummy fill
shapes.
6. The method of claim 5, wherein the dummy fill shapes includes spacer

material about a perimeter thereof.

7. The method of claim 6, further comprising adjusting the gate perimeters to
gate area ratio for dummy fill shapes such that each predetermined area has a

uniform total gate perimeter density and gate perimeter area throughout the chip.

8. The method of claim 4, wherein the calculating determines when a combined
gate perimeter area density for combined dummy fill shapes for each of the
predetermined areas is uniform.

9. The method of claim 8, wherein the steps are iterative.
10. The method of claim 1, further comprising generating generic dummy fill
shapes and adjusting a gate perimeter to gate area of the generic dummy fill shapes

until predetermined areas has a uniform fotal gate perimeter density in each of the

predetermined areas.
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generating dummy fill shapes of different shapes such that a sum of gate perimeters of the dummy fill
shapes and active gates in each localized area is substantially uniform such that result is total gate
perimeter density being uniform across a chip; calculating a sum of gate perimeters for a
plurality of dummy gates in each predetermined area in the chip; and adjusting the gate

perimeters thlgate Bigdngifiedsf aginy Wheieipts ssasaimcaerprengidhshinegse®ba has a uniform

total gate pefiarsar slepsityirmnsigaigReriieiana@anotDaRsEdh e Ry R eifrdhasum is provided
for at least the dummy fill shapes; and the du fill shapes includes spacer material about a
U et oy

perimeter theraor. 15 Ah ?&fc%"’r’nepﬂgf%? gggtg Ut las’device for: generating

dummy fill shapes of different shapes such that a sum of gate perimeters of the dummy fill shapes and

active gatesif eachHocaliFRd 8f8mI% SUDTREIAN G PHF AL GRulIdsdQis Qate perimeter

density being uniform across a chip; and adjusting the gate perimeters to gate area ratio for

I 1 CNnIp neters
dummy fill SREFEELARMRPYIRR BrRRa ARt anreeARldNe SRRBRRTIBIEIYdttitsitntter density and
gate perimetboardaettiftarghioiitabeschip.

13. The method of claim 12, further comprising adjusting the gate perimeters to
the gate area ratios for the dummy fill shapes such that the total gate perimeter

density and gate perimeter area are uniform throughout the chip.

14. A method comprising:
using a computing device for:
generating dummy fill shapes of different shapes such that a sum of
gate perimeters of the dummy fill shapes and active gates in each localized area is
substantially uniform such that result is total gate perimeter density being uniform
across a chip;
calculating a sum of gate perimeters for a plurality of dummy gates in
each predetermined area in the chip; and
adjusting the gate perimeters to gate area ratio for dummy fill shapes
such that each predetermined area has a uniform total gate perimeter density and
gate perimeter area throughout the chip,
wherein the sum is provided for at least the dummy fill shapes; and

the dummy fill shapes includes spacer material about a perimeter thereof.

15. A method comprising:
using a computing device for:

generating dummy fill shapes of different shapes such that a sum of
gate perimeters of the dummy fill shapes and active gates in each localized area is
substantially uniform such that result is total gate perimeter density being uniform
across a chip; and

adjusting the gate perimeters fo gate area ratio for dummy fill shapes
such that each predetermined area has a uniform total gale perimeter density and

gate perimeter area throughout the chip.
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