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Smal ler circuit elements, sonmetines referred to as
"macros," each of which include a predeterm ned
structure for a part of BAGKROBEEYRRD circuit (10 can
be used repetitively for addressing this challenge.

For exanple, the use of repetitive circuit elenents
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involving the use of ICcircuit elenments has becone an
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is critical to delivering product level importance. For example, one element that is

introducing additional variation is across chip spacer thickness variation.

[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 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 (IC)
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 involving the use of IC circuit elements has become an essential

part of IC design.



part of |1C design.[0004] However, the designer that

uses ICcircuit elenents is challenged to provide a
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circuit elenents. One challenge is matching the

el ectrical behavior of two or nore instances of the
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circuit, the designer may Wi sh to insure that every
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guarantee that different instances of the same circuit element will see the same local

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

[0006] 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.



(gates) of the device will affect the area in which
dummy fill shapes can be placed on the chip which, in
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transi stor.[0007] As an exanple, the density of the
device will affect the shape and nunber of the dummy
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limitations described hereinabove.
SUMMARY

[0009] In a first aspect of the invention, a 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.

[0010] In embodiments, the dummy fill shapes are gate structures in inactive
arcas 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, a



areas of the device. The dummy fill shapes have

different shapes in a sane area or the different areas
wo@Rowkes7adevi ce. Exanpl e shapes include an E she@BEUS®0L47719

shape, aconcentric pattern, parallel and perpendi cul ar

gate portions, and parallel gates. The different

s heipsstricrettatie paypbd and patpendigilangrseporsiops ridrparetel gates. The

portion of the different shapes. Aratio of the area
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the different shapes. The spacer material is forned
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the device. [0011] In another aspect of the invention,
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bei ng uni form across a chip. [0012] In another aspect
of the invention, a dummy fill shape generator
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[0013] In yet. anot her, aspect of t i pvention, :
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medi um for designi ng, manufacturing, or testing an
i Hoderinnsush thattlqgate panactaieddngily 8nd gate aice dersigyrbcieginaform
plurality of dummy fill shapes in different

across a chip.

[0012] In another aspect of the invention, a dummy fill shape generator
comprises a 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
arcas 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.



areas of a device which are configured such that gate

perineter to gate area ratio will result in a total
wperiones7es density being uniform across a chi pp@RUER09/047719

DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS

[0014] The present invention is described in the
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the noted plurality of drawi ngs by way of non-liniting

exanpl es of exenplary enbodi nents of the present

| 190dd] i ofihe pr@L:hd Inviehtish isldasdribed nothe idetatlsd desciiptgon which follows,

exanpl es of dummy fill structures for uniform
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design enviro ' i i ntion;
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process steps in accordance with the invention; and
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test. DETAILED DESCRI PTI ON [ 0019] . The invention,
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structures and, nore particularly, to spacer fil
structures, a nmethod of manufacturing and a design .
s10U&l ur e FBY. Zris dlbdadkgliztsgmn of aasipmenarpnngpt @ accordance with
specifically, the present invention provides a nethod
afiet idesitign; structure to control gate perineter density
such that it is uniformacross the chip so that
spacers formuni formthickness. In enbodi nents, the
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Advant ageously, this results in inproved uniformty of

t RethSRARREntdH: akpess and hence inproved device
per f or mance.

[0018] FIG. 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 invention
provides a method and design structure to control gate perimeter density such that it is
uniform across the chip so that spacers form uniform thickness. In embodiments, 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 invention will optimally perform at design

speeds and power consumption.



As such, the resultant device of the present invention
wll optimally performat design speeds and power
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shape of the dumry gate structure it is possible to
change the gate perineter to gate area ratio. This
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dénsistiple(tofehatpeitbe gate pertraktef Orgakd drbogitiapTlyis pHd & e modif@ation of
etch, and anneals). Thus, it is contenplated by the
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la-le are not to scale and that in |nplenent|ng t he
paBREnD sp pbHciteial perEnejen denpisy isdtform apr@sythe higr ea are
nodi fi ed such that the gate perineter and gate area

can be nade uniform As seen in these representative

i [002d1 r at | dih6S. Iyl ashovsilustgptivieexathplee obdurnimy fdusimgtures for
gate structure it is possible to change the gate

pahifomi perirh@egatedantain aicoalahbewbyhealrb@nt m@ention. It should be
nodi fication of the gate perineter density in

| 8&8Lhiz&Fhal PRSS. Vl’a-tlié%% ndmRslkdayd A hien Qﬁbférrﬁhﬁﬁ"g the present
denS|ty Those of skill in the art will realize that
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different shapes that are contenpl ated %lthe
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many different fill structure shapes including, in

e phodeeett site @reg atioi thatbyallofing hadd@radon bf theghgesimeter

Wi th non-standard fill shapes. The shapes shown in

FUesityli@tdcelisdauéd 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
of FIGS. la-1e are merely illustrative examples of the different shapes that are
contemplated by the invention. 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-1e should

thus not be considered limiting features of the present invention.

[0022] More specifically, FIGS. 1a-1e 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



t hus not be considered limting features of the
present invention. [0022] More specifically, FIGS.

w0 201beooOW dumry gates 100 of different shapeBCT/U81002047719
in an inactive area 200 of the device. The dumry gates
100 may be manufactured using conventiona
| compigsea foniczamnls, pelysiliean. pFlsoesdies arcark®Omeapcherforicsemple, a
for exanple, polysilicon. The inactive area 200 nay
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show spacer material 300 fornmed about the perineter of
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mat erial 300 nmay be, for exanple, a thernmal oxide,
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do not need further explanation herein. As should be

r &aYdiveg copratignFhAgpeatiesandrichieg proeess¢e Wrdicds not need
material formthe dumy fill structures. [0023] In

i fipthemextlamgion herepr. eA e sttoulhbertogmzedi theidsinpog gated andtrespective
control the spacer density (area of the spacers) about

t bgacatiayrigifoas tHOubivy piloshdiung. di f f er ent shapes of
the dummy gates 100. This, in turn, allows the

designer to control gate perineter density to be
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etch, and anneals). Thus, as a result of nodifying the
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uniformty across the device, it is possible to
by adjusting the shape of the dummy gate structure it is possible 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 area to gate perimeter for area uniformity across the device, it is possible to
ensure uniformity of processing across the device. This uniformity of processing, ¢.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

invention will reduce processing variations resulting in more or less leaky and/or non-

leaky gates and hence consistent Vt across the various transistors.



ensure uniformty of processing across the device.

This uniformty of processing, e.g., thermal annealing
w@ndoeosTs ng process across the entire devi ce, PeU/UE2009/047719

ensure that the device will run at design speeds and

power consunption. That is, the present invention wl|
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| eaky and/ or nonl eaky gates and hence consistent Vit
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dummy gate 100 in the shape of an "E', which includes
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spacer material 300 extend beyond the inactive portion
0B06 betesdibsytond tlee iRAGiveoGionl of thhaubstrate 001G atceshd@®a dummy
in the shape of a "C'. In this enbodi nent, the
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spacer material 300 extend beyond the inactive portion
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are al so contenplated by the present invention in
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Al so, as seen fromthese figures, as it is possible to

C alkdrRl 20R1e: REIdIIEE BE s@igdglet Y to be uniform across
[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 to 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 seen 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.



the chip, the spacers will form of uniformthickness.
This will ensure that the thickness of the spacer

wored1e/00sIhs on active transistors will be nore uriT/O82009/047719

across the device, as different patterns can be used

in different areas. Also, as seen in these figures and
cOM26hpl at ddwubyas @hesultrafding difflerent papgaweh ddfutes pagmeters, it is
material formng the dumry fill shapes can be
peogidtctdnanl the spiver idlsicssadbent e activazatdst HTidwniformity of the
substrate, extend past the substrate and be conpletely
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the devi ce.[0026] Thus, as a result of the dlfferent
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the inplant |location will be nore uniform between
dEVisEPIoONn this way, the transistors and hence the
device is nore uniformor consistent in speed and

power consunption. ENVI RONMENT AND SYSTEM OVERVI EW
[0027] FIG 2 ENVIRONMENTi YD OFEM QFEERYHEW
environment 90 in accordance with the invention. The
desi gn environnent 90 includes a custoner design

SY®28in 92 BIG.ihis albl@kdigirgnef adesipy osvieomnicnt 8@ insdcecrdance with
circuit (1C, and a fabrication design system 100 t hat
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the I1C. Typically, a custoner of the fabrication
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f l,cation stem 1 should be r
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and that the invention may be enpl oyed in other

e AVstoBeelihe 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 including a memory 112, a
processing unit (PU) 114, an input/output (I/0) interface 116, and a bus 118. Further,
the computer 102 is shown in communication with an external I/O device/resource
120 and a storage system 122. The bus 118 provides a communication link between

cach of the components in the computer 102, the I/0 device 120 and the storage



[ 0028] For purposes of brevity, the structure of
fabrication design system 100 only will be descri bed,

wW@bdiboosghs t he cust oner design system 92 may i neCTUS2009/047719

simlar structures. The system 100 i s shown

i npl emented on conputer 102 as conputer program code.
Toystdm 422xThat/O dewreddfsan eemudR any dshicathai prdblegiangento
menory 112, a processing unit (PU 114, an
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Further, the conputer 102 is shown in comrunication
with an external 1/0O device/resource 120 and a storage
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bet ween each of the conponents in the conputer 102,
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the processor 114 executes conputer program code, such
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storage system 122. Wil e executing the conputer

program code, the processor 114 can read and/or wite
d&B01 o/ f r Streimaiorly, aluspr castipiczaye wetismether QEnpuding/dgrice (not
I/ O device 120. [0030] Alternatively, a user can

i si@vrgdh cemirunaatdietth clonguunputg Ideyinclis(caed, tiehid@agvice 116 can
comuni cation with the conputer 102. In this case, the

| &P 58 dbIRc R cRMITY ths BorBPite RN 1B okhaini &RARItBSne or more
the conputer 102 to communicate with one or nore other

. : K :
CIRLLLAGURGRE, QBT ATRRICEK oo RS o, 10
S PR R P B R eRAS B o
conpri se addressabl e connections that nmay utilize_ any

c 6AmMuatcRrbensdinky Fas|cxpmplentie setwirk sprosamptissrrgdicsssibln

met hods. In this instance, the conputing devices
( eompectigrthattnery W02E anpyombinkiigreof 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 area 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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conventional network connectivity, such as Ethernet,

W Fi or other conventional comrunications standards.
wo-or1hkes748 t he network can conpri se one or nor ePOf/US2U99/047719

type of network, including the Internet, a wide area

network (WAN), a |l ocal area network (LAN) a virtua

P pombm@tlmof/\mrwuﬁ PRy of esneputaatreadabtcomedin and(bi wasmssiar media

via the Internet, connectivity could be provided by

C bhetidg ma@lhetﬂiﬁiﬁéfdlid? optick eicslig sadopr @t e dhem@N@RA M), read only

conmputing device could utilize an Internet service

Y E&Yﬂcﬁ‘?%_ benestabbbrbt, eRNIRGheY ithy ulRrdd & Bt Gl imore
[0031] he nmenory 112 and/or storage system 122 may

1%;311 da;’i‘ 191@?%6?1259@% %g?[@%ss'fg[g)aré %ﬁ{ éoo Etsoces-ggre lLBUB ¥ included

can ¢

a0 SRR 03 e el ﬁa%é&eﬁé%é%i‘%ayﬁype of

medi a, optical media, random access nenory (RAM,

0 RPDVHEHDISY ICCROR)) 25 ANYIHOEK Whycct desktop, comwteﬁ,ewlaptiov, 3 %andheld
under stood that one or nore additional conponents
(deges, egyst em sof tware, math co-processor, etc. can be
included in the conputer 102. To this extent, the

conmputer 102 can conprise any type of conputing device
SpE032ps a Med Abrikatiardesion sastcla R0 aicledRpWudimy shape generator

| apt op, a handhel d device, etc. [0032] The fabrication

d@@hQﬂi§%§J§@kﬁp&nm&ﬁkHQQ§6aﬂﬂHﬂRMn§hﬂ%ﬁq&%&%&ﬁhg%u%géncdbr
and ot her system conponents 106. The dummy fill shape

ggﬁe% ted b%tw%?rﬁ] 81';'%}11! é“‘l@r!aé ts 9 He" éﬁ?‘%r ?l?a&a%%gﬁergﬂof ?6‘4 fh accordance

ement unmmy s gen

g%qf?lﬁﬂaﬁéﬁgﬁl% aotﬁgg@jflgve@qpe? e b e ROy Gittecs efntg gieuit

active devices, the du shape generator 104 w
s elcaentsge 84 aetaretdegigamphd dumms shansszonriat dAdumill ﬁﬂ@ct different
device to ensure uniformgate perineter density

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 system 92.
METHOD

[0033] FIG. 3 is a flow diagram implementing 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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t hroughout the device. This will, in turn, result in
nore uni form fabrication processes, which w ||

W@RiesIs®e processi ng variations that may aff eRCT/US2009/047719
overal | device performance. The custoner design system
92 may include a circuit (ckt.) element placer 110. A
usienwerm rgsidsoesadiwacainticesiced ates Runthemmgrethe mvdetsdngean take the
using circuit element placer 110 of customer design
S Yatreofl Oehm i HicbrhG33Juckhédessible $rom 4 bampaltagyadlaor computer-
I mpl ementing steps of the invention inplenmented in the
e RMAIIEIIB R ur® brdvidhg Brogldhe codVBRhicBY &an chteRtib&ith@d@mputer
of an entirely hard%are enbodi ment, "an entirely
g M e SR S P S IR bR SR U QEARACh Bgmputer
ma efirmvare, resjident software, mcrocode, etc..
Favatlier s Bl o Stk HE Pk B g Cofain, store
conmput er program product accessible froma ) )
c 6pIBICALes BISPELAEe: OF Hiapiroeithe Bwarne faraids rPpiospnaeqiign with the
program code for use by or in connection with a
C orsputterm execetmn Syssi; egriarans, ©x deutd. ohhesiyediem cakde ah lekectronic,
pur poses of this description, a conputerusable or
C aiiphétRy, opad i ceromRghdtiy) Bdifrdde oAEtmiSgHAIAE@E bistdrh 8dr apPakatus or
contain, store, comunicate, propagate, or transport

t B@viE’é)Q%gﬁbﬁea%ﬁﬁ&?&e@an fEﬁa&p@&er%%h%gte\Mréda bR&nedium include

a

instructi ecution system appar at or devi ce.

The medi um can be,an el ectronic. Jsmgnetic. optica

of SBT3 A Tp 8o o Buss R o Bl Bt

apparatus oy device) or propagatj on nmedi um 5x npl.es

o HRketi st PSRt BRI BN AR Y esiiy ERANDct BEid

or solid state nenpgyh nggnetic tape, a renovable

c orgoeter digh andean eptical dighn dowrrent exanplaeeioenyicelRAsgs inglude compact

read-only nmenmory (ROM), a rigid magnetic di sk and an

ofdisk cakadlomy mdtwry €0D-RQBGpL@spact disbtireal/ wdiegKH-R/W) and

i ncl ude conpact
DVD.
[0034] 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, etc., 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 parties.
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disk - read only nenory (CD-ROV), conpact disk -
read/ wite (CD-R'W and DvD. [0034] In enbodi nents,

W@ baojesresit i on provi des a nethod that perfor msP€TES2009/047719
steps of the invention on a subscription, and/or fee
basis. That is, a service provider, such as a design
ht38] couRefeoirgto RIG. peatbior 0D redgprancd saesit degenisheprovided
herein. In this case, the service provider can create,
making aonexaigit,ale cisdupiderhent @lacer oftthe costomettdesign system. At step
infrastructure that perforns the process steps of the

| NYSNhé 8kidOk pRAGto RS RbRskHoAMREgn s{dlerh €AMbPtiodall§ep 110, the
service provider can receive paynent fromthe

g#g&gﬁ%{h&é@ %éﬂgga%r n&%&‘ﬁ %reﬁé?‘fci ng ?iﬂl%ﬁa%e% % @1%1{)8/?55%%5 of the

ervi ce provider can r el ve payne

the sal e of,.advertising content to one or. more third

p8hip; BB rap b i Sheperiteeretpr Ty yidf o o arcas by,
design of circuit elenments is provided usin for
efrpraple; fuctonadity of the sieHt elﬁma%téfreafeswrﬁeofgb@ elypeF any
desi gn system At step 105, the design is provided to

t nemberofiotlatr inonhaiesigiges, styssepelhhs. At stoptl2@rth¢ demeyy shdilk, generator
t he dunmy shape generator generates generic dumry fil

s balpelatek theadibity/ P pEdBictef for BechcdiePie.d. M ambodilnene perimeters in
t he dummy shape generator nmay divide the chip into

a ; ' ; . , ' . . '
oDl S S MR BBl (kP Siapd acive
ot;her nmet hodol ogi es, at step 115. At step 120, the
dﬂﬁ%ﬁa%hape generator calculates the entire gate
perinmeter for each area (e.g., a sumof all gate

perieters in t area), which may include.the_.du

PRSP apodCranacs: U6 Shispiicasape Brerai oy cb¢ Boe

[0036] At step 125, the dummy shape generator )

deeremafichoseats areh eatigayidl rpan| inmttetel paimeieedeapibabeing peiform

will result in a total perinmeter 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 to ensure that all gate perimeter to

gate area 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. Also, it should be recognized 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

elements.
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across the chip. If so, the IC device can be

fabricated. If not, at step 130, the dummy shape
w@enenat7es w || adj ust the dunmy fill shapes tBCEOSH0E047719

that all gate perinmeter to gate area ratio will result

in a total perinmeter density being uniformacross the

chip. Once this is det PEMONSTRUETUREdevi ce can be

fabricated. [0037] The processes above nay be

iterative until a uniformdensity is cal culated. Al so,

I {0038Dul d BeGr ¢slogmi Zleldck hiaprast efanlckOmipiayy Besign flow 900 used for

el imnated such that the dummy shape generator wl|

Cakhipiatia stifoddnemr desigh, SBaFeguand ahfer akeD&ign ey 900 may
spacer material around the dumy fill shapes based on

s%%%%“?%%%%qﬁ&mﬁ P g R S fow 900 for
S EBaRat b B sl AIE T oo &?ef%% %Pe%%ﬂow 900 for

Design flow 900 may vary dependi ng on the type
béFﬁﬁ%mH%é sgaeard cmepoea@a Apfrem adegien;fipy PO%{Hr grmtﬁ%vng fihe design
bui l di ng an application specific IC (ASIC) may differ

f oo prapsmgablclaowy 90 ctampld e pragrimyablegaterataydPGA) or a field
conponent or froma design flow 900 for instantiating

t peoggasingble ighicQray FFPGARbTTalzH &y [tey® Ihi@br BXamged Bica Design
programabl e gate array (PGA) or a field programmbl e

9 Gotdicroay i FirfeMb1Phh ipRfdy de%igngﬂr@éersé 9l %nd Bk corne from an IP

Xilinx(r) Inc. De3|gn structure 920 is prefer ly an

| ?Po%%%o ) &r 8&'7&613 'R OHRT d?&g %%ﬁ%arﬁ?%r%% gelchud b'y the

a core evelo er deS|gn onpany

ner at.ed th perat or of the desi
oPPTRBR b g dPbet! MBI “ouet Hir 8O3 B0 coprises an
an enbodi ment of the invention as shown in FIGS. la-le
i embpinfept of BE IVEABMLS hewarin BEPS. kg-1¢ in the form of schematics or

har dwar e- descri pti on | anguage (e.g., Verilog, VHDL, C,
etHDI),.a Haedwge-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. 1a-1e. Design process 910 preferably
synthesizes (or translates) embodiments of the invention as shown in FIGS. 1a-1¢
into a netlist 980, where netlist 980 is, for example, a list of wires, transistors, logic
gates, control circuits, I/0, models, etc. that describes the connections to other
elements and circuits in an integrated circuit design and recorded on at least 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 Internet, or other networking

suitable means. The synthesis may be an iterative process in which netlist 980 is
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structure 920 may be contained on one or nore

machi ne-readabl e nedi a. For exanple, design structure
w@2aonesr4be a text file or a graphical represePtHUSZING/047719

of an enbodi nent of the invention as shown in FIGS.

la-1e. Design process 910 preferably synthesizes (or

t respisthasizsst) oneras oatirereimes defentling dnrdesignisperiaeatiohveutd pasameters

FIGS. la-le into a netlist 980, where netlist 980 is,

f 6or thxainqlie, a |ist of wires, transistors, logic

gates, control circuits, I/O nodels, etc. that

descri bes the connections to other elenents and

Cii60391 t S | IDREnipaéRYS M EBRaf inchidietusHESI WRicB iiREQTEE&ample,

on at | east one of machi ne readabl e nedi a. For

gmggg f?%gjllg?aﬁg% n%%éms% ¢ hoése%oggp@ﬁgorﬁﬂl&?p%%d clements,

, a packet of data to be sen

the I.npternet,. or. gther net Ki syi tabl e nmeans. The
e HBe i FagreBndhee sl o B S R i B TER Rt G for o
980 isresynthesized one or nore tinmes dependi ng on

dé&sicy ﬁn@ﬁé«smngé%qh@ﬂ@ga 12 pdifkerent &sclnglggy 9%@50792.% 4 nm, 90
[ 0039] Design process 910 may include using a variety
ofim, pigut dssignapeakiaatpsing 949, mhatastefizaimnl daty 240y vetifacagion data 960,
930 which may house a set of commonly used el enents,
Cidegign ties In0dardierestaiag, filenod uditich nadelcdydel tasf uttans amtlother
synbolic representations, for a given manufacturing

t ?&Hﬂ%hﬁ&ﬁfna@l‘%ng - De%étf H1BE&RD 10 BEHTRHRINnAIQME for R2MPle, §Bndard

nm 90 nm etc.), design specifications 940,

c i ' 950. verdf.i i .dat.a . .
Gt BE R aRbE bR e il RUUTRRAT e R gpokine
include test patterns d qther testing informtion).. .
pilieg s g rngs iy il 8 gy SRR 119 8 0 %ﬁ%&t@ circuit
standard circuit design processes such as timng

adedigisfag appegciats thatoxisnt ofdrospifle dleptienietissign sytonptige éools and
and route operations, etc. One of ordinary skill in

t hpplantions used iredgsaingoocss U0 vitlewidgmiatag frappthe s¢ape@nd spirit of
the extent of possible electronic design automation

t @@l ifvé@Ridn. The design structure of the invention is not limited to any specific

design flow.

[0040] Design process 910 preferably translates an embodiment of the invention
as shown in FIGS. 1a-1e, along with any additional integrated circuit design or data
(if applicable), into 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 data, 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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appl i cations used in design process 910 w t hout

deviating fromthe scope and spirit of the invention.
wabaodesign structure of the invention is not PCHUSEA/047719

to any specific design flow [0040] Design process 910

preferably transl ates an enbodi nent of the invention

asaghteghiring lipE,GRd ang-other dath seqingt b asagniceadietpomanufacturer to

integrated circuit design or data (if applicable),

I ptaaluae sabaditheie oif gt iavdntioh s shdBB0in IS go-18t DesipnlKteucture

990 resides on a storage nediumin a data format used

f 900 hiag tRnGianaa 1ok sta gé’ 0u4 wﬁ%afo@fexérﬁﬁlﬁgde@fgﬁ%trﬁbth%@%ﬁ

and/or synbollc data format (e.g. information stored

ro%e%gﬂ):; 4 %%?21% relgs%:d to%ﬁlu%actﬁlﬂggéu IleFe%SGdO[B aqﬂé/skqston&r is sent

or storing suc gn struct

Si st ruct re 990 conpri s |nfornat|on such as,
?ﬁ}a&% 488 B senahen e shfomBL 8l o “lat a

files, design content files, manufacturing data,
Ia out paraneters, wres Ievels of nmetal, via

L, dafhe method g desegibechakaghs veed ARG RGP gf integrated

I|ne and any other data required by a sem conduct or
maiafindtipy: &f the ovehioause semiadidnesot chipf Therresulmgemtdgoaied circuit
as shown in FIGS. la-le. Design structure 990 may then
pchipeesh bodigtribtirg &yIRSrabriedtes infraw vextaniote (thdeis] g single wafer
structure 990: proceeds to tape-out, is released to

MRy hAChH U ipOunpaskdeed BRpSdad Pbate RS Br PoUSRKaded SRAINnKR latter
anot her design house IS 'sent back to the custoner,

0 0 .
t Eésfeftg (?tlﬂ% %glﬁnt }nha ? %? a??g) ck%%g L?B%%% Ila%tl‘g?%?lﬁ{r vith leads
vent i a se uct e resultin

| heegeat Bee e ﬁéﬁ?’?@%ﬂ?@&r el B tep v Rpiegtory Swadchin
fabrlcator inraw wafer form(that is, as a single
wanekage frach ke coraid gairser ihas ek sighcd ot RPhsyrfagesinigregapections or
die, or in a packaged form In the latter case the
c bhlped mtaroumtechns N laasy cxgt eheathippispbakiageratelietih atheachips,
plastic carrier, with | eads

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 terminology 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 plural forms as well,
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, elements, and/or components,
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that are affixed to a notherboard or other higher

| evel carrier) or in a nultichip package (such as a
w@erlaigs4garri er that has either or both surf aR€r/us2009/047719

i nterconnections or buried interconnections). In any

case the chip is then integrated with other chips,

dbuicdeena pedolusigithe picegnsaos addimel) off onstdierorg ptheafeatures, integers,

processi ng devices as part of either (a) an

| Bieps, wPchatibes, pleadunt corspomnid sardl/argfrhgsbleaest, or (b) an

end product. The end product can be any product that

includes integrated circuit chips, ranging fromtoys

angb4sy her TRYCERApERPhd GALchRBS ntaGerRdly aRS a6 d CQERHIES of all
products having a display, a keyboard or other input

¢ oFlicon S AAMIOPUALAS R Bl R8Tk, Kifplicable,are intended
descrj bin articul ar .enbodi nent s. onl nd i s not .
it Bl PR Mpl ke i gl Bt R eRioBink o ng o pombination
herein, the singular fornmg_"a", "an" and "the" are

i M@l cladmed elcgatsin apgsifigadly cragmpgs T dgsqriptiop of ggresent
the context clearly indicates otherwise. It will be

f irvehigon hasdees presehtechor ptitpeseserfnidustration andsdestriptiy, but is not
“conprising,"” when used in this specification, specify

t heclet 3€ e exinbistiteadraidhitedad thicciayertioheg eeSors dBposed. Many
operations, elenments, and/or conponents, but do not

PERA DB oA N ERERESY P beBPPhlchOB (R sc P BrdPharRER iR keIt
features, integers, steps, operations, elenents,

c e - r t - e -
c SR Brind M e b SRR e Vg, Phembodiment was
equi val ents aof all ans or step,plus .function .

o anERead Hivefhel i oaferdo Bet subternnE pieiclab b b apention and the
intended to include any structure, material, or act

f prache] fappligatign.tane t arabls ethcrsief eestimiry akillgn the arhtogmgerstand the
clainmed elenents as specifically clainmed. The

désenii@t foo wvandustdmebodiresentvithvaeods mnodifiagidneemare suited to the
presented for purposes of illustration and

des@ichlaf i conkimtplatsd. NWhild i emetol Radiset BB etefhis of
limted to the invention in the formdisclosed. Many

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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nodi fications and variations will be apparent to those
of ordinary skill in the art w thout departing from

wo baosesope and spirit of the invention. The enbOOUS®NY047719
was chosen and described in order to best explain the
pMWhntiipdlasedfis:t he i nvention and the practical
application, and to enable others of ordinary skill in
the art to understand the invention for various
enbodi nents with various nodifications as are suited

tq the parhigHb@be 43%r ﬂ{%ﬁﬂﬁ{a@&}egf dﬁﬁlﬁh#r ?iél:rsfg@pes in different areas

i nventi on has been described interns o odi ment s,
th of skill | e art wl ' t hat .. t. .
OB ReT Stich sl e Bl AL GG oG uniform

the spirit and scope of the appended clains.Wiat is
cPHPHEYUCHR: 1. A structure conprising a plurality of
dummy fill shapes in different areas of a device which
are configured such that gate perineter density being
uni formacross a chip. 2. The structure of claim1,
wBer ei n t h&hdstraopurt of tlashapeberamehgdtramytfrlUgdtapesese igate

i nactive areas of the device. 3. The structure of

Ck@idfurks inveFtRicnird R ehera¥yicki | | shapes have different
shapes in a sane area or the different areas of the

device. 4. The structure of claim3, wherein the
di fferent shapes include at |east one of an E shape, a

C,shape, a.concentri¢c patter al,l el :

Sar pondt caErIBEREE pEe R e Pyrf b Epuimy M stipes haye difforent
The structure of claim3, wherein the different shapes

i BleaPGeI s e Apepit thg difEerg arsa pbtherdsvigat e area rati os.

6. The structure of claim5, wherein an area of the
spacer material is

4. The structure of claim 3, wherein the different shapes include at least one
of an E shape, a C shape, a concentric pattern, parallel and perpendicular gate

portions, and parallel gates.

5. The structure of claim 3, wherein the different shapes includes different

gate perimeter to gate area ratios.

6. The structure of claim 5, wherein an area of the spacer material is

different about the different shapes.

7. The structure of claim 5, wherein the spacer material is formed over at

least a portion of an inactive region of the device.

18



di fferent about the different shapes. 7. The structure

of claimb5, wherein the spacer nmaterial is forned over
wW@rolmesses a portion of an inactive regi on of tPEI/US2009/047719

device.8. The structure of claimb5, wherein inactive

gdt es and Thagarcturapéclanh S wheremgnadiec gatesynd spaker material

shapes are at | east one of: perpendicular to an

| figtiny the@@finh i1l Ghapeh @resut Skt @lcaf: gurpeldagulanitd bn idaetive portion

substrate, extend past the substrate and is conpletely

be HeRubdifus Hbéiarpe\lxﬁh ﬁf%fsm)ﬁ&té Retchd sk 'tﬁéesuﬁﬁﬁt@ﬁhcplfs completely
t he devi ce. 9. A met hod conpri sing generating dumy

fill.s P at a sum of

g thm !ﬂ%%u Stter sf%%{ngﬁﬁg]%lagtw% g ?Iioﬁ%%ﬂapeslcgnd active

gat es | n each localized area is substantially uniform
such that result is total gate perimeter density being

uni form across a chip. 10. The nethod of claim?9,

f@rther cofmetbohepraenissrgpenicraging dommesuiikl skrpss ghdigferent shapes
active transistors prior to the generating the dunmy

f blidh thinepssn of gatd perirh@erslofittal dunymp fillphasstaed attivedzates in cach
areas. 11. The nethod of claim9, wherein the

pPldeankddtateis sPbRARMBY Thileth AlcBaBataERItds Witsl @dtePeriddeter density
| east one of functionality of circuit el enments and

r eaih %ﬁ{f&ttﬁa@rgssti]anghl p. 12. The nethod of claim?9,
fUrt Rer conprising calculating a sumof gate
perinmeters for a plurality of dumry gates in each
predeterm ned area in the chip. 13. The nmethod of
claim 12, wherein the sumis provided for at |east the
ddfmy fil | Thymsded of glainyRefurbenermpyising datermining weaewit design
the dummy fill shapes includes spacer material about a
pef aeteedransiktorsgufor 1 the Peacrmendihd domney Gl whapss whthir the plurality
conprising adjusting the gate

of predetermined areas.

11. The method of claim 9, wherein the plurality of predetermined areas are

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

12. The method of claim 9, further comprising calculating a sum of gate

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

13. The method of claim 12, wherein the sum is provided for at least the
dummy fill shapes.
14. The method of claim 13, wherein the dummy fill shapes includes spacer

material about a perimeter thereof.
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perinmeters to gate area ratio for dumry fill shapes

such that each predeterm ned area has a uniformtotal
w@ada1e/0p85u8 met er density and gate perimeter ar eBCT/US2009/047719

t hroughout the chip. 16. The nmethod of claim 12,

whér ei n t hdheahathidaofi agmdiet, durtlien esmpheng adjostimlgi the date

gate perineter area density for conbi ned dummy fil

S ba@stefsab garchcfatid g quhade fillishhie duds ascach ptdefeahitied area
17. The method of claim 16, wherein the steps are

| W&y ALhi¥YSm b8 AR ARLRO ety Gh@lsBle Perifndfek BRYG throughout the chip.
conprising genéerating generic dumy fill shapes and
adjusting a gate perineter to gate area of the generic
dummy fill shapes until predeterm ned areas has a
uni f orm t ot al t eri er _densjty .in each of .the
prBdet er ni Hendhed o Shun Ay G thF %arlcuﬂﬁ%&@weét%fren a
conprising a nodul e configured to adjust or nodif
dicembined gatgpatipcter prea shapesfor mr@bigﬁbdmnl@yd“ék/ﬁh@eem%f pach of the
there is substantial uniformgate perineter density
t predughoined esmahisafmifdrhf er ent areas of the device. 20.
The dummy fill shape generator of claim 19 wherein the
nodul e receives an integrated circuit design prior to
the adjusting or nodifying. 2 1. A design structure
erpodi ed | i anTBERIOPEIafif28aRh G ABAL UWEh! AE idegioni ng.
manufacturing, or testing an Integrated circuit, the
design structureconprising a plurality of dummy fil
shapes in different areas of a device which are
configured such that gate perineter to gate area ratio
wilP1 1 esul The method of glairg §s Biriher ¢oraRTayngEHsTatipe gengiy dummy
uni form across a chip. 22. The design structure of
c Ififli shyes andiadinsting 4 gate gersnetar ®tgatecaraa ef tho gpndrsekinemy fill
netlist.

shapes until predetermined areas has a uniform total gate perimeter density in each of

the predetermined areas.
19. A dummy fill shape generator comprising a module configured to adjust
or modify different dummy fill shapes throughout a device until there is substantial

uniform gate perimeter density throughout each of different areas of the device.

20. The dummy fill shape generator of claim 19 wherein the module receives

an integrated circuit design prior to the adjusting or modifying.

21. A design structure embodied in a machine readable medium for

designing, manufacturing, or testing an integrated circuit, the design structure
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23. The design structure of claim2l1l, wherein the
design structure resides on storage nediumas a data

wo ormos7esed for the exchange of | ayout data oPCT/US2009/047719
integrated circuits. 24. The design structure of claim
2 tomphgngh plurblgy o€ dimgmysfill slepay @ difsicoiecismofa device which are
progranmabl e gate array.
configured such that gate perimeter to gate area ratio will result in a total gate

perimeter density being uniform across a chip.

22.  The design structure of claim 21, wherein the design structure comprises a
netlist.
23.  The design structure of claim 21, wherein the design structure resides on

storage medium as a data format used for the exchange of layout data of integrated

circuits.

24.  The design structure of claim 21, wherein the design structure resides in a

programmable gate array.
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