Sem conduct or M smat ch Reducti on BACKGROUND 100011Cenerally,

sem conductor devices may be filled with regi ons having various
densities of both active areas. In particular, sem conductor devices
may have both areas of high pattern density next to areas of | ow
pattern density. Such a difference in density between high pattern
density areas and | ow pattern density areas can becone a probl em
during formation of isolation structures such as shallow trench

i sol ations (STIs). Because there are nore structures in the high

pattern density areas, the deposition_of terjal |,n the formation of
the STIs into these areas Y&¥% “@Hc@rtﬁw‘g&@ﬁ&%ﬂﬁh{’ﬂe rate of
renoval when, e.g., a chem cal nechanical polish is performed. Wth
this, a faster polish rate can occur in the low pattern density area
and a sl owBAGKSIRAMNI at e can occur in the high pattern density area.

[ 00021Wth this difference in polish rates also cones a difference in

the step hejghf beicneaNy, Shicondttr ibGecdfbhy VENIRE QXS rdgiont Advirgivaflowat t er n
density areéa and the st'ep height between STIs and active areas in the

| ow pat t er QefARRSHLBhAEIDR archs) i I6 paktiéifiR] eMkBndubtoSdedRestidydiate Wkh drb offiigls
can affect not only the length (Le) and inpedance (Z.) of adjacent

transi st or gauchidenGf e S freddiof Retpaitie dasiy Suctshdifferemk ideasilytemueantiply
formed gate. For exanple, if the STl has a positive step height

(wher ei n a phitepy@iisigQtdaSind e patbmsdchsity arek dafl bectiht a problemtdaricy fatnmien af
substrate), subsequent |ithographic nmasks will be formed slightly
of f, causi n@latiesugeines fuoh heshsflosettentihisslatibes(STE) Bovalist therei argmara structures
"icicle" shape. Additionally, if there is a negative step height
(wher ei n aid #shigh pqieni dedsity atces, tha deppsiticresl niakeeialSH the fambtion of te ST Ednto these
wi thin the substrate), the subsequent effects on the |ithographic
masks wil | aezadis®ls tohadiferore intherateyof fanomad ovhen egs a theniieal mbihamical polish is
desired and form ng a "dogbone" shape. BRI EF DESCRI PTION OF TFI E
DRAW NGS [ pafBhEd rWish sy efestenmpolightrate ganderw rathel lovpatidn densititiirereand 8 slowerd
t he advant ages thereof, _

polish rate can occur in the high pattern density area.

[0002] With this difference in polish rates also comes 4 difference in the step height
between STIs and the active areas in the high pattern density area and the step height between
$Tls and active arcas in the low pattcrn density arca, This difference in step height of the STIs
can affect not only the length (L) and impedance (Zs) of adjacent transistors, but can also affect
the actual shape of a subsequently formed gate. For example, if the STI has a positive step
height (wherein a slower polish rate has caused the STI to extend above a substrate), subsequent
lithographic masks will be formed slightly off, causing the gate to be wider than desired and
forming an “icicle” shape. Additionally, if there is a negative step height (wherein a faster polish
rate has caused the STI to be recessed within the substrate), the subsequent effects on the
lithographic masks will cause the subsequently formed gates to be thinner than desired and

forming a “dogbone” shape.



reference is now made to the follow ng descriptions taken in
conjunction wth the acconpanying drawi ngs, in which: [0004] Figure 1
Illustrates a first area of msmatch concern and a second area of

m smat ch concern | ocated within a first region of a sem conductor
substrate in accordance with an enbodi nent; [0005]Fi gure 2

il lustrates the use of dumy material to reduce density m smatch
between the first area of m smatch concern and the second area of

m smat ch concern in accordance with an enbodi nent; and [ 0006] Fi gure 3
illustrates_the u f ' 0 reduce density m smatch

bet ween th@WWQﬁ@‘}@yOﬁ]%g@ﬁ@W&%ern, t he second area of

m smat ch concern, and surroundi ng areas in accordance with an

enbodi ment (00081007 JFei gmoesompletd Budetstanding eftcmbpdiments, mud the edvidtenss thamef s

i n accordance with an enbodi ment; and [0008] Figure 5 illustrates a
syst em t hateference Berowswde todhd fapldwinedscriptiensdakan intopnjrration with the accompanying

drawings, in which:
|0004] Figure 1 illusirates a first arca of mismatch concern and a second area of mismatch
concern located within a first region of a semiconductor substrate in accordance with an

embodiment;

[0005] Figure 2 illustrates the use of dummy material to reduce density mismatch between
the first area of mismatch concern and the second area of mismatch concemn in accordance with
an embodiment; and

[0006] Figure 3 illustrates the use of dummy material fo reduce density mismatch between
the first area of mismatch concern, the second are¢a of mismatch concern, and sutrounding areas

in accordance with an cmbodiment;

[0007] Figures 4A-4B illustrate illustrative flow charts in accordance with an embodiment;
and

[0008] Figure 5 illustrates a system that may be used fo implement the density mismatch

reductions in accordance with an embodiment,

[0009] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unlcss otherwise indicated. The figures arc drawn to clearly illustrate the

relevant aspects of the embodiments and are not necessarily drawn to scale.



reductions in accordance with an enbodi nent. [0009] Correspondi ng
nuneral s and synbols in the different figures generally refer to
correspondi ng parts unless otherwi se indicated. The figures arc drawn
to clearly illustrate the rel evant aspects of the enbodi nents and are
not necessarily drawn to scale. DETAILED DESCRI PTI ON OF | LLUSTRATI VE
EMBODI MENTS [ 0010] The meki ng and using of enbodi nents are di scussed
in detail below It should be appreciated, however, that enbodi nents
provi de many applicable inventive concepts that can be enbodied in a
wi de variety of specific contexts. The specific enbodi nents discussed

Seoveor R BR BB oAl 010

respect to a specific context, nanely a method of using du fill
materi al s 18K dr s making pndypsing ehembodissnts hfﬂdlssl@ﬁﬁdéfbﬁlﬂmlglc rvn%%d@ be
Enbodi nents may al so be applied, however, to other density m smatch
i ssues. 10@pmydntedahovesivesy aptembpdimenttppyide many applicple isventivasoagaptsdhat pande
area of msmatch concern 101 .

embodied in a wide variety of specific contexts. The specific embodiments discussed are merely

illustrative of specific embodiments, and do nof limit the scope of the embodiments.

[0011] Embodiments will be described with respect to a specific context, namely a method
of using dummy fill materials to address density mismatches in a semiconductor layout.

Embodiments may also be applied, however, to other density mismatch issues,

[0012] With reference now to Figure 1, there is shown a first area of mismatch concern 101
and a second area of mismatch concern 103 located within a first region of a semiconductor
substrate 105. In an embodiment, the structures shown in Figure 1 may be in the design stage, as
the design stage is an easy point in the design process to address densily mismatches. However,
if desired, the structures illustrated in Figure 1 may alternatively be manufactured as a test
structure and analyzed prior to addressing the density mismatches for subsequently manufactured

future products.

[08L3] The first region of the semiconductor substrate 105 may, in an embodiment, be a
region of a semiconductor substrate upon which structures may be manufactured as is known in
the art once a desired design is determined. Once manufactured, the first region of the
semiconductor substrate 105 may comprise bulk silicon, doped or undoped, or an active layer of
a silicon-on-insulator (SOI) substrate. Generally, an SOI substrate comprises a layer of a

semiconductor material such as silicon, germanium, silicon germanium, SO, silicon germanium



and a second area of msmatch concern 103 | ocated within a first
region of a sem conductor substrate 105. In an enbodi nent, the
structures shown in Figure 1 may be in the design stage, as the
design stage is an easy point in the design process to address
density m smatches. However, if desired, the structures illustrated
in Figure 1 may alternatively be manufactured as a test structure and
anal yzed prior to addressing the density m smatches for subsequently
manuf actured future products. [0013] The first region of the
sem conduc b e 105 .my, in an _enbodinent, be a region of a
seniconduc%@%m%ﬁ'ggégbéwﬁﬂ%wga%m%%ﬂgirg Ljubstrates thatypayhs wsadealude awltas
is known i . a desired design s determ ned. Once
nanufacturg&%aﬁwgﬁ%Fggﬁgﬁﬁﬁygﬁm%ﬁ°fﬁ’“ggﬁw%ﬂﬂﬂﬁ%ﬂﬂp&substrate 105 may
conprise bulk silicon, doped or undoped, or an active |ayer of a
si |1 con- onliHul aTen firgizens of wissatch cancerGadlemay, inyan embodiknt Shehastesig Wock
conprises a |layer of a sem conductor material such as silicon,
ger mani um su&5epitiotn thyellseinof depsitg@ismatoh) sucloas ay enafgriesign blook, andsnaydt or
@300, or conmbi pations thereof. O her substrates that may be used
i ncl ude nufesrmings by dtheradssigneneicy a dgvigntpeln Forsutraple, ltecfirst regiontof ihei d
orientation substrates. [0014JThe first area of m smatch concern 101
may, in arf°BHEMHCRERPsta 03 max be gerrisniaeinor dosigwllpeki biliffetcntial par desipect s
of density1 'sng%chh sug@ as an anal og design block, and may be
det er m ned ‘E%f QMPHatons okfaese. i e like. Hewexcrgrsongef ardjary skibwilbxengpie®, t he
cror substrate 105 nay be a current

first region af the sem cond | 1 n

mrror d esﬁ"@ﬂ&l’%ﬁ?{? nat "Eﬁa?tft‘ég%'ﬂmteél“’ PRy regigessoprisingnriog doridsidedgn ons
Fecogni ze, CHEHb U LSRR b AL A Sesap o sp Bt st SR i

2s G gi t arP AR B AR ol G hemiegidsdion iSisn loddeiionius ron il ododd
any ot her ,sui I of sem conductor. design bl ock device are al so
fuyly inté%gggﬁ%bﬁggyﬁggpﬁﬁgﬁﬂﬁfFﬁ?ﬁ“%ﬁ%mgﬁ%pg of the present

enbodi nent s. £00151Alternatively, i nstead of being a single design
bl ock, thd00Ifk st Adiematively. insteachoefdbing e singledasigi Olbckyatit flog aka SEhisAfich
di fferent design blocks that may be grouped together for purposes of
density m&?’@ﬁliﬂggl mpxhpe esebefisliferent desigh bloghs tian may b grodpsdrwiether dapa@odes 301
may alternatively conprise a first area, a second area, and a third
area (not 9¢nsly watghing | Kpr xeawts, the first ayeraf nigmatobgoivenfl OWhiag hitemayivdhave a
densities that n?y be viewed as a group. Such grouping can nake
density ni*SRRISE i iEsbaen Aseand wsersand @dkirdarsadept individuelly shewnin)Fipms])psachfen
| ar ge areag,gre Eein calculated, as the different areas arc treated
as a si ngMa°aFERIM ?g?‘}s“’teﬁ@a‘fm"ﬂé’@ vigvedasaeronps fechqiowing cer make@dnsitf or
t he purposes PL density m smatch reduction.

mismaich determinations (described further below) easier when large areas are being calculated,

as the diffcrent arcas arc treated as a single arca (e.g., the first arca of mismatch concern 101) for

the purposes of density mismatch reduction.

[0016] The first arca of mismatch concern 101 may be a region of comparativcly high
density compared to surrounding areas 108 of the fivst region of the semiconductor substrate 105,
In particular, the first area of mismatch concern 101 may comprise structures and devices
(examples of which are discussed further below) that have a higher pattern density than the -
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[0016] Thc first area of m smatch concern 101 may be a region of
conparatively high density conpared to surroundi ng areas 108 of the
first region of the sem conductor substrate 105. In particular, the
first area of m smatch concern 101 may conprise structures and

devi ces (exanples of which are discussed further below) that have a
hi gher pattern density than the surrounding areas 108 of the first
regi on of the sem conductor substrate 105, thereby causing a pattern
‘density m smatch between the first area of m smatch concern 101 and
t he surrounding,.areas 8. . of the first region of the sem conductor
substrate TDB"MCRsas | 8§ ofthe st gesion of thesemicendne sbsirae 108 theteby smsindy

t he design itions warrant for the easiest

ggt%sdegs?si r.ed c?lr as ctﬁng ' A

met hod of B44r essﬁﬁmalt bpigen &t ISt of GHsmpish spnogm DL anl thehsurodending
aronof aneets W88 B¥leGb TR sapichhen wbRar 0b (s seh cbmemagh

| t ti i Jq . 0171Addj t.i I 1y, the first f

m st oh e A e by le ettt s itions g pacwbstmethod

density reg Jr 0 attern density region 104 within
ChaTti Vst cotafioskilg ofRMnBkiblsShe doBihy RiaRdhe 46 Fn SxpiionS: e 555 e

first hi j | t be | ted
ol ural 1ty o ReetAaREREy bscl 59 B o Pai ieanT . adeieh pies bl size

regi ons 10, i negi: 107, short channel gate el ectrodes 109,
and | ong Chgﬂ%hﬁg@i&y&%%k%& odes 111. The isolation regions 106, when
manuf act urﬁ‘g]a may be. shall ow trench isolation regions (SD s), which
may be forlf¥d! by 24dtionally, thedirst arae efomishaatehmonenbi nay elsd Omtaat kutngfishe
active reqgigns 107 to formtrenches and filling the trenches with a
di el ectri “%?’EPE‘E it dynsibysregion e a fifst lofapatigre dengityoregior0divathintay filsearea of
filled with a dielectrig terial such as an oxide material, a

hi gh- densiTP9TLORETY fr%ﬁfquﬂf%n thigrinterqal first kigh petterndensityyegioni 102 Hes may
met hods k@g@ﬂ icg the.arg. However, other types of isolation

st r uct ur es’® SSHPYE HPREY eEiemiconductes of athey faawyrds sush as isoletivn regitris V66, naiye ons -
107. [001 or]]lgl t.ive reglio s, 107, when nmanufactured, may conprise
areas of {He"s&N: Yo ehungeat slsetadss 109 and lops chamnel grte plentrodesrinv.ethet o

formthe isplation reagigns 10 nd, i nto which dopants maybe inpl anted
in order tl%gpﬁllﬁglanéss@?’e A Tcﬁ'F%% mﬂlgﬁ‘hé'é"“t treapisialation segions (3738) owleich
etc. Such Vb nclude n-type or p-type dopants, or sone
SRR T L ST Rl AL A
devi ces. Frﬁ{ch%ﬁ(ﬁrﬁhiﬁg 8 b R& vgiﬁlpaad?élgcmrga tg‘gtla!srirsplingvg}l ieuqhe art. The trenches

may be filled with & dielectric material such as an oxide material, a high-density plasma (HDF)

oxide, or the like, formed by suitable methods known in the art. However, other types of

isolation structures could alternatively be used to isolate the active regions 107,

[0018] The active regions 107, when manufactured, may comprise areas of the
semiconductor substrate 105 which are not removed to form the isolation regions 106 and into
which dopants may be implanted in order to form desired structures such as transistors, resistors,
etc. Such dopants may include n-type or p-type dopants, or some combination of these dopants,

as desired in order fo form the desired devices. For example, n-type dopants may be implanted

-5.



into the active regions 107 to forman n-well which can eventually be
used to formn-channel transistors in the active regions 107.

[ 0019] The short channel gate el ectrodes 109, when manufactured, my
conprise a conductive material, such as a doped poly-silicon, a netal
(e.g., tantalum titanium nolybdenum tungsten, platinum alum num
haf ni um ruthenium, a netal suicide (e.g., titaniumsuicide, cobalt
sui cide, nickel suicide, tantalumsilkide), a netal nitride (e.g.,
titaniumnitride, tantalumnitride), other conductive naterials, or a
conbi nation thereof. |In _an enbodi nent in which the short channel gate
el ect r odes™PHs aelvesenignsdPT toderm animuel o cat bventvelly hyasel to Fenraaes! 109
may be fornmed by, depositing doped or undoped poly-silicon by

| ow pressdfaés%ﬁ%fﬁtg‘gﬁct‘mwnﬂ@gosi tion (LPCVD) to a thickness in the
range of between about 400 A and about 2,500 A, such as about 1,500
A. [ 0020] TIB@9] ondThelsbortehknigbgate ccr6des 0852 &vhdnlraniB¥tufe@ TRy cBfpAsedl M | ar
material as the short channel gate el ectrodes 109 (e.g.,

pol ysi | i conjdugting nmecyiab euch os ndpedigdlyrglicnd hail (AR] HQESm( Bafum, LPCVD),

al though different materials and nmethods may be utilized if desired.
The. | ong atybdeiumgbingstes| gletinuog alsmihich, béhiunk @vBanaiin), Hamal sdiclde (e tawhat h
than the short channel gate el ectrodes 109, thereby nmaki ng a channel
regi on bersidigidp cobuds silioidg, nidkelsilisidegattaure kiticil)pdadal hirddd (0,29 SlaniuRafride,
channel region beneath the short channel gate el ectrodes 109.

[ 110211W tetahumenitside)s athencenductineanaatials rorp kembinatisn thhicgh Ipad drioBinfierai t Y
region 102, ~a conductor density of the first high pattern density
regi on 102hiphyhesborbdeanchgatesiectrpdes 409 is golyviticanpthe slertahantlpatc i chddes109

hi gh pattern_density region 102 (such as the short channel gate

el ect r ode :12Y bofoxpefl tylerqsising dened anwidonsd pely-silicart bydobe presshis) chewnidaldiapeir di Ng
their totgl area by the total area of the first high pattern density
regi on 10??1308?1% GLB{Z‘VP,) topfhigknessip th rawge efdaiweenaboubA0D A dd blaun?, 5098, lbych

taking t hgs about 1,500 A.

[0020] The long channe! gate electrodes 111 may comprise a similar material as the short
channel gate electrodes 109 (e.g., polysilicon) and may be formed using similar methods (e.g.,
LPCVD), although different materials and methods may be utilized if desired. The long channcl
gate electrodes 111 do, however, have a larger width than the short channel gate electrodes 109,
thereby making a channe] region beneath the long channel gate electrodes 111 longer than 2

channel region beneath the short channel gate electrodes 109,

[0021) With these features located in the first high pattern density tegion 102, a conductor
density of the first high pattern density region 102 may be determined by taking the conductors
in the first high pattern density region 102 (such as the short channgl gatc cleetrodes 109 and the
long channel gate clectrodes 111) and dividing their total area by the total area of the first high

pattern densily region 102. Similarly, an active area density may be determined by taking the



area of the active regions 107 within the first high pattern density
region 102 and dividing it by the total area of the first high
pattern density region 102. [0022] The first |low pattern density
region 104 nmay be void of features such as the active regions 107,
short channel gate el ectrodes 109, and |ong channel gate el ectrodes
111, and may consist of isolation regions 106. As such, the first |ow
pattern density region 104 may have a conductor density of 0 as well
as having an active area density of O However, as one of ordinary
skill in the art wll r_ecogni ze, the first low pattern density region
104 does nBE? pdbractive regiensd VT withia thedirst bigh patismn deositrrestbni02 Widndititlieg ftby St
| ow patter deqsi ty.region 104, and the first |low pattern density
regi on 104 ?WEPUE]% giigh agerp density region 1%hown in Figure 1) and have
a positive conductor density and a positive active area density.
However, t[9822jonduhd fust lke aicinydeasingt rapfoni 168 may BSvoAETFeahMesQhich A fhelabivat
| ow pattern density region 104 arc |l ess than the conductor density
and act i veregioesal 08shait thaned gdtdredectbdes 109) b lobadhbidlel paNSirddés | ﬁ% hifda}02,
respectively. [0023] Fromthe conductor density of the first high
pat t er n detessistyf iselgtionmegi@ia 1661 Astsheh, thic (st lowl pauerP aénsiy Opide G thay HaRO] ON
104, a first conductor density of the first area of m smatch concern
101 may becotdicter dénsiecof 0me wel aetpihgan dcties ceaniiiiy of 0. dRGGdvEY astne bf Bdinary
first high pattern density region 102 and the conductor density of
the first skihinfenttavilhredenizrthc firgdowo pattidionsty ripdnd04 dag a6t refird Giclchehd
relative areas to arrive at an overall conductor density for the
entire fi mofeatresdocyted witbimghafirstdonpaem dedity ragiva 104, aad the AREd& tpaten
density. [0024] Alternatively, the first conductor density of the
first aredcwity maiond ¢ may ivplody seme Geplunaaynobshoivniint Fighek 1) ahé hiavenipositve
w t hout havipg to first calculate the conductor density of the first
hi gh pat t SPRugiandnsity and p pesifive ective prga dansityt However,ohe qaducr densieyneid bitive
region 104. In this exanple, the first conductor density may be
det er mi ned™yensix ehifie fugidow aatierm density wesionr1 0dere lessthanttherconthmtor derstty axdea
of m smatch. concern, 1%1 and dividing it by the total area of the
first aredbf aWPE?Pé’H‘, theoffretdiigh patiqyy dengipyregion 108spestiveliod of
determning the first conductor density of the first area of m smatch
concern 1QM28jy tFeonthiclcoriactor dbARP DA®% fist iEH Phtterd déﬁsi’tfi;eg{oﬁ oL it e
area density nmay be determned for the first area o

low pattern density region 104, a first conductor density of the first area of mismatch congern

101 may be determined. For example, the conductor density of the first high pattern density
region 102 and the conductor density of the first low paitern density region 104 may be averaged
using their relative areas to arrive at an overall conductor density for the entire first area of

mismatch concern 101, the first conductor density.

[0024] Alternatively, the first conductor density of the first area of mismatch concern 101
may be initially determined without having to first caloulate the conductor density of the first
high patiern density region 102 and the first low pattern density region 104. In this example, the
first conductor density may be determined by taking the total conducior area within the first area
of mismatch concem 101 and dividing it by the total area of the first area of mismatch concern
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m smat ch concern 101 by either determning it fromthe active area
density of the first high pattern density region 102 and the active
area density of the first |low pattern density region 104.
Alternatively, the fast active area density of the first area of

m smat ch concern 101 may be initially determ ned wi thout having to
first calculate the active area density of the first high pattern
density region 102 and the first |low pattern density region 104, for
exanple, by taking the total active area within the first area of

m smat ch concern 101 an ividing.i the total .ar f e dirst
area of ni $MNatty S‘EH’% é']”ﬂmgﬁéfl&.e%/ﬂﬂg'"§tlﬂ°tt%ﬁlc‘é“%ﬁ%l?rh% ige F@%ﬁ reSF%ﬁQan?fjng t he
first active arﬁa_dengjl{r% olf%eug.ge first area of m smatch concern 101
may be uti [HSFRIEFL SPHED e llEed ar ea of ni smatch concern 103 may be
simlar to the first area of m smatch concern 101, e.g., an _analo
desi gn bl ofi628juc h Sawslaely,aufivst ecpionrertivearea densitymaibbesieterrainedforing fiest asenqty)|
pair design bl ock. However, also simlar to the first area of

ni smat ch cossoeich cdiBdm 10hky dbeckigminion it Gomtheastivesmeadsadt phihe first high not
intended to be limted to anal og design blocks, and may al so cqnprise
other desi pattet dousity regiond B2 ans this agtivereadisnsioy af the rsklew paliean dsositypgion 104 o
second area of m smatch concern 103 may al so conprise nultiple areas
Wi t h i ndepdheteativelys the st aciveceaasipnsitn of thifst argppt ﬂ@"&%ﬁ?}&&ﬂﬂeg@ﬁh f or
conveni ence. f00271The second area of m smatch concern 1?% Hraégagve a
second hi ghitistly deserpingd prithauy having te Hrsh eptpulels theachyrproadgnsyy o tae hes ity

region 113, a third low pattern_density region 115, d a fourth. |ow
pattern densiemndensify F@P“ﬂ%’i and, the figst l‘é‘ﬁﬂ?ﬁép‘rﬁ? ty regife 19 é%awlﬁﬁymgl}cn

density region 119 may cqntain features such act.ive regqions 107,
Shor t - Shanfhisl e e ides P dEL el Mo GG L D ARG ed P Ba P st

111 simlar to the first high ttern densit egj on .102 er

the secon#ehisy Hrei‘)%finﬁjé"f‘”ﬁcllfé’ﬂ%ef'f 1 g@}’ Blﬁta@i ge%&{,oﬁig@gmgmg e F{gﬁ\fg%tve area

| ayout than the first hi attern density regi.on 102 such that the
second ar egeW%tlﬁfift@WagEﬂ@E‘FWﬁi%“ﬂi 13¥y0|1e gjézl’eg'nt conduct or density
and a different active area density than the first area of m smatch
concern 10100241002 8hé\ckdoridiapanaF tnjsmatch eonsera dOmay0he spaitar torthe Grsfradatof
region 113, the third |low pattern density region 115, and the fourth
| ow pat t er misimrchiconcemdl, ., 24 Fnatgyledin Wookisichras & gurrehmittor dasign black or a
pattern density region 104. For exanple, the second | ow pattern

densi ty r edifforential Bair delsign bloik. dHdwswerpatosispifar tdhpslirsharqa@fmismateh goncgR 40k he
fourth low pattern density region 117 nmay be isolation regions 106

Wi t hout anyhesedead artacfmismsichoaadernald3 dsnet nlondeddo bedimitsd & applpg desteg bfocks,
channel gate el ectrodes 109, and |ong channel gate electrodes 111,

al t hough i andahaysalsaspinprése etpirissip beeksusls diaitaliesien Yecks. pgditionally.
included within the second | ow pattern density region 1@3, the third
| ow pat t er secdedas¢aof missgtch soneem 103, may alspcoppise Rrinicprpps i@ ideprodet ¢
region 117 as long as the second | ow pattern density region 113, the
third | ow pectus dengiiesdhat ay igreped together £ COREMENSEr t 1y | ow pattern
density region 117 have a | ower conductor density and a | ower active
area densi fgoayjhan ThbReosn@aenst nithighchixshdenr 103 dep hinteys seagd high fat@m density

[ 00291From t he second high pattern density region 119, the second | ow
pattern degggidn)19, a second low pattern density region 113, a third low pattemn density region 115, and a

fourth low pattern density region 117. In an embodiment, the second high pattern density region
119 may contain features such as active regions 107, short channe] gate electrodes 109, and long
channel gate electrodes 111 similar to the first high pattern density region 102. However, the
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region 113, the third | ow pattern density region 115, and the fourth
| ow pattern density region 117, a second conductor density nmay be
determ ned by taking the area of conductors (e.g., the short channel
gate el ectrodes 109 and the | ong channel gate el ectrodes 111) within
the second area of m smatch concern 103 and dividing themby the area
of the second area of m smatch concern 103. Simlarly, a second
active area density may be determ ned by taking the area of the
active regions 107 within the second area of m smatch concern 103 and
dividing it by the area of the second area of m smatch concern 103.
Thi s det er ffseBd highpatigip dapsits region i1V ®mgy hswe aldifferenylasiont thinghd fiestdéghenatidrmi ng
conductor densities and active area densities of each of the second
hi gh pat t demsityessiond 02 suglyfhattheiseepnd prea okmismpteh ¢onoprp Hd3thas ndiffenarticpgductor
region 113, the third | ow pattern density region 115, and the fourth
| ow pat t er NenfinadaiticuRt aglive aroa deggity thandhy firetaece of mismatck pracesy &91a) |
second conductor density and second active area density of the second
area of mi qo0asich calditiensityiBSsckdrdiow pamam demity Ygibual 3, denitd 1o® pattef Wensity
sui tabl e method for determ ning the second conductor density and the
second act regiondd Handitha fiuith (dwopattéh deBRERPiIdn A RfayHe siiBrTRUE YirStO6\E fdtidrn
103 may be utilized. [0030]Figure 2 illustrates that, once the first
conduct or deniy tegiof $04. tRoeexkinpls] thasceandddw pattsimakmsity coptoad13) kQHi)d lawd t he
second conductor density (of the second area of m smatch concern 103)
have been t#dtcardensiydsgiaulifyand twadoneth dow prtttreribmsity 2@ibn Ef/minebedtolaionl i nt o
the first low pattern density region 104, the second | ow pattern
densi ty r etisions 1063vithphtany piherdeatusey speitas drerciive megidny 10% gfioctichahnd gatand/ or
the fourth low pattern density region 117 in order to address

conduct or dle¢iwpes] 09 andriong plagndh gatheleatrodasd 1, lalthough infalierfidtive emlandirgentsfsome
m smat ch concern 101 and the second area of m smatch concern 103 as
wel | as t ookiiese &ewres 519y be inglndedartithin the sepandiave prsternidensite eogion A &3, thiertisitd low
area of msmatch concern 101 and the second area of m smatch concern
103. [ 0031patism densifirreion A5 @ndthe fmeh lowapppera densityresion b1 a3 dpnaies thieecond
second area of msmatch  concern 103, du conductor material 201
may be pl ato¥PalsTe fensity weion by g thirdJevpeatters dansify regiony 13, e thfortilowt he
third | ow pattern, densit {legi on 115, and the fourth |ow pattern
density r Bt density F"Tﬁ“’&rléé ave 8 lower cqudyoins densitpindiadewas avliye prga demsifytthane
regions in,order, tq reduce the ijnternal msmatch of the second area
of m smat cﬁeﬁ%%?ﬁ'@ff%mg@ls%’é’ﬁm? Fse regions and the second high
pattern density region 119. In an enbodi nent dunmy conductor materi al
201 may be[082fjed Bt the tehenddiphgaitdrodensignegisnyl 19) thoRtak lbepaesnicsagh of
the second | ow pattern density region 113, the third | ow pattern
density r eggioml1B]the thanddow hattefraiendith rdgtwa 13 tahdthe fotletln ot pattére déndity rkdidn i S
wi t hin about 10% of the conductor density of the second high pattern
densi ty refi7orsetand conductor density may be determined by taking the area of conductors (e.g., the

short channcl gatc clcetrodes 109 and the long channel gate clectrodes 111) within the sccond
area of mismatch concern 103 and dividing them by the area of the second arca of mismatch
concern 103. Similarly, a second active area density may be determined by taking the arca of the
active regions 107 within the second area of mismatch concern 103 and dividing it by the area of
the second area of mismatch concern 103. This determination may alternatively be done by

initially determining conductor densities and active area densities of each of the second high
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such as being within about 5% or even within about 2.5% However, as
one of ordinary skill in the art wll recognize, the precise anount
of allowable m smatch nmay be determ ned fromthe design and

tol erances of the devices located within the second area of m smatch
concern 103. [0032]Simlarly, looking at the first area of m snmatch
concern 101, dumy conductor material 201 may be placed within the
first low pattern density region 104 in order to address a m smatch
of conductor density between the first |low pattern density region 104
and the firsf high. patter ensity region 102. For exanple, dummy
conduct or rRSHEP F‘%’F"’g’(ﬁ&'“‘hﬁ& g% sSSP Patfsitrensiy régiandil 3, taathivd bovgmttern
density reqf'eor&g104 iﬂ order _to R}ri ng the conductor density of the
first | ow patyereioddheicrd by fyrth fowinghern dengity wepian AHipand thepodeisfmining thei r st

hi gh patter nsity region 102, such as to wthin about 5% or even
within abo@? ergﬁﬁeg/gndé;f’?ﬁgtﬂb%"f‘ﬁ’é‘h%feé@ids"ém&ﬁf?ﬁ Hﬁﬂsm‘)ﬂb@ea@@lere;bfmiamﬁmbm

t he design t S. af . .t devices |located within the first
area of ms %15}9 r(Izlhlﬂ!(;: grr&%gl(rr\ elf%l@“%gﬁﬁglﬁdmyts}' imethod fidptermipiag thg seepnd

conduct or ' be utjlized as described above to reduce
the inter ngﬁﬁ a?(;)dr)l ﬁg{ﬁgr% n‘g@%g’ﬁﬂ?’ ﬂrﬁ%“’é’r‘?h‘i"%?f”&?gfﬁ’és?cP?@fcaé%f&SWCh@w ch
concern 10 I al conductor density m smatch of the second
area of m g%ﬁ@%ﬁ%‘ﬁ%@fn 103, the addition of dummy conduct or
material 201 may also be utilized to address conductor density

ni smat ches [$98%hwe e Figuree iflpstrates thateencofhe firss coathaor danitefolithe Gist adglott he
second area. of msmatch concern 103. For exanple, in an enbodinent in
whi ch t he E&EBIeH cesrad@herd e srspadcopdictor rasitye(ofthelscasrdarea fof iisiiarh C h
coneern 103) is_]ower than the first conductor density (of the first
area of ni AR ﬁOJS Sriedrsn cetsmyineds dyrny evdebtie taterinh20 & magbe H8ckd inmo/thd Fest
added to the second | ow pattern density region 113, the third | ow
pattern def¥elen Bﬂ?'&f"&“i@, O4athe secoed lpwiptiern deasity pegiangil 3, thiethisd toy paegh on
117 in order 1o riﬂ tg)a e(f;ond conductive density to within a
desired ni SHEFIRETY 3@’*,“ Qﬁ@ﬁ oth foxcpatiem depsitomgipn i) in bederf to redress

conduct or c%%&‘usitﬁ %ﬁCh as I%;Eﬁ_than 5% or even | ess than 2.5% of
the first PORSIEEGIHGRIOAELes both interpallyita e first area of mismatch snuteaoifd mt the
density is, %rngg}egrfthag the first copductor density, dummy conductor
material Z0TTAYS B AR conermy HI 4 el ps tp adresa pandvotor densily mjsmatsheson 104
in order t | fld st nductive density to within the desired
10% of t he&g%é}(l)ﬁg ﬁ%“?%&%"c t“."%}’aﬁ%e%%?eﬁyl}ﬁ 2T He sesndgrenof ismash sopee 10ho
second conductive density. [0034]Additionally, if bringing the
external d8¥dlict dformampls; widas o extrgle bily,d6oking aBthOsecondiasdaRE Ga@RACETr N
101 and the second area of m smatch concern 103 forces force the

i nternal CoMETCHISrdupinyraRdiiesmaterial 301 iiychepiméd eichin th ssenial low pREMCT OF

m smat ch al | pwance ie. 9., 2.5% m smatch between the first |ow pattern
density r&gisHrrogn 1xh dieithied lpw pattenndogtityegioneif, atid e ifduyth l@gpa@m LRy an
iterative g)r,ocess can be perfornmed to bring the internal conductor

m smat ched“8d ¥ Feerdsefaipisaibe genduciendsnsitrpStivst edgiees intder tolredudemi fnbshal

al l omances., In sych an jterative process dummy conductor material 201
may be addB¥nah of thsseeqed aer afmismatdheondemst3 bawespalieseregiontamd ilicyedodi ON
104, the second |low.pattern density region 113, the third |ow pattern
density rgﬁﬁBﬁmﬂ DSIY egi9td 9 Byanieibpdiviens dummy condestarinajeriak2fil amybd 7 as
needed in éa)#&ler. 0 b%jrun'ﬂ{ ot.h the internal conductor m smatches and
the ext er A%EI LUHgsprsue paniggatghpeiroeneash of fhe stesid ledpaitinalemsitg €5

region 113, the third low pattern density region 115, and the fourth low patiern density region

117 is within about 10% of the conductor density of the second high pattern density region 119,

-10-



[ 0035] For exanple, once the internal conductor m smatches of both the
first area of msmatch concern 101 and the second area of m smatch
concern 103 have been addressed, the external conductor m smatches
between the tint area of m smatch concern 101 and the second area of
m smat ch concern 103 may be addressed. |f addressing the external
conductor m smatches pushes the internal conductor m smatches outside
of the desired allowance, the internal conductor m snatches may be

| ooked at again and adjusted a second tine to bring them back to

wi thin the i«ed allo . If this . secon dj ustnment to the

i nt er nal cgnﬁa%lfﬂc')" wr#hénrréé?‘mgmﬁﬁ%‘@ 'I’[E}I?QU@)&%H%‘QLW@OWEPdeaW skill in
m smat ches . i esired al |l owanc t hen the external

conduct or ﬁllg E %@Lﬁé@ﬂh@w PERG aﬂpﬁunéaﬁl‘ggg@%msqnﬁﬁcg mpy b detqrapoegfrorp the
may be conj O s i r.nal ., conduct or .m snmaj ches and
ext er nal cgér?%?t#dotp E%?Ffﬁ?@% g?s‘&%r&é’ %fvﬁﬂlr‘f' q‘%%ef?n%raéegﬁgﬂsp\?@{‘ grusen 4 Bp-

al l owances. 100361However, the iterative process described above is
not the onl%3% et hSimikerntloaking abike fissbatea of mivieic sendemt 101 tdnmmiyrebeiutiat
conductor m smatches and the external conductor m smatches, and
embodi ment @atEtizh 49 lmsydie piased within the et low pakseudiensityt iegiore kidh oxdemic edisess 2
descri bed. Any sujtable process of achieving the desired tol erances
of both t hBsHRCkekrapductondrisitithetvaes i fiesklow patiem dénsiterepion Hodl and trediest high
m smat ches, .such as a suitable optimzation routine or algorithm my
al t er nat i V&G Gensiy fogion B2- Fiogexemplo) duymsnyggondugtor mirtarial 381 weybaeplased intoaho
present e re 2 also shows that dummy active

i ment s. . [ Q037 1Fi _
areas 203 %ﬁ‘l"gﬁs@ﬁ%ﬂj@[’%‘?’i@@‘ﬁ‘éﬁgm Qe #p Rring theicprductor denpityaf the dirst Werpsitery
i 104, t. d | gw tt d i i 113, the third |
bact ern delraigeEaon s wilsh A0 e i tieh pery e ogereifg: wh sy on
Coi t i it oS & 5est it fhort %%, e oo rpoi ammnian g drarmeneda of
i tch 3 dth ter, ti. i tch (bet
The i 1 ot OGRS oot ada @Rabele e PR locdisimifiin e Beer of st concemn.

m smat ch ggpcern 103). The process of bringing the internal active
area density msmatches and the external active area density

m smat ches nmay be perforned simlar to the process descri bed above
with respd@d33f o tAditionslly while thodunnst @nduvios matedil @81 magibd witizebes déstiibed
conductor msmatches (e.g., an iterative or other optimzation
process) . PowisKtuse e inmpesorduor densiy mismatgh ofi Steifive ama efysisBaeh coaserbe
placed within the first |low pattern density region 104 to bring the
active ar é3! srddnigrnglisaadugtor dengityrmismatch of theseondarer ofamisidtsh corgirol03;thel t 0
W t hin abog,_lO% such as about 5% or even w thin about 2.5% of the
first high %%&%Oé Awmegy pendpgior algrigh201 mazy alsibe wtiligerktp Rydress bendukiorignsitg t i ve

areas 203 nmy be pl ace ithin the second | ow pattern density region
157 o PR EhreJRRes the et S ad g GBS chhe o o tisraten

concein 103. For example, in an crabodiment in which the sccond conductor density (of the

second area of mismatch concern 103) is lower than the first conductor density (of the first area
of mismatch concern 101), dummy conductor material 201 may be added to the second low
paitern deusity region 113, the third low pattern density region 115, and the fourth low pattern
density region 117 in order to bring the second conductive density to within a desired mismatch

range, such as less than 10% fiom the first conductor density, such as less than 5% or even less
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-13- low pattern density region 117 to bring the active area

m smat ches of the second | ow pattern density region 313, the third

| ow pattern density region 115, and the fourth | ow pattern density
region 117 to within about 10% such as about 5% or even wthin about
2.5% of the second high pattern density region 119. Finally, the
dummy active areas 203 may be utilized to bring a first active area
density (the overall active area density of the first area of

m smat ch concern 101) to wi t hin about 10% such as to within about 5%
or even wthin about 5% of the second active area density

overal | acthaé 5&@&"*5&%9‘1“9"%‘1““?% Sepriveliribhe geond condrconday ‘éBrﬁath
103). [0039]T e dummy, conductor materjal 201, and dummy active areas
203, in an'Eptisdinsteenductopdsngiy, dymgpeququtopmeferial Q) may g adderdg the first low

sem conduct or ryctures. For  ex he inserted du uct or
AT A I G Gl WA I R g T
relative to.each ot he h,as e ct or ri,al , 2Q1
over | yi ng £hBefrhFo ‘ﬁ‘ﬁg‘(?gic %M&%%W’W 3 g%r??&‘ﬁé‘f‘f%‘f‘i%ﬂ&%?ee@nﬂg
decoupl i ng capacitors, guard rings, MOXS transistors, or the |ike.

Al t er nat i véiogd] t hédditiomafly Gbbribgog dire exitret doaducO tisenatthadwiithy fiest brew ef
areas 203 nmay be forned separately fromeach other for the sole

pur pose of niisnatcbasticay 181 aiviche tebomd o dimisoatcidesmsart 103dproesforcadieiintgnar ea
density. Any suitable conbination of dummy conductor material 201 and
dummy act i vendugteramistadcicnouf obthe desinert intgeblcopvincigt inlsinatehiallow@odE.Ei y6te 3
illTustrates the %Iacenent of dummy conductor material 201 and dunmy
active ar emdsnpih beliyeen thhiirsidow poitermodensity aeaiensl 04 agl the fisHéghaatiera dendikict or
substrate 105 around the first area of m smatch concern 101 and the

second ar eksion 183 samdicEHveRIpResy Gan barpriopneg ielbiingtiks inlgarpleogndusionmisamishes

density and active area density m smatches between the first area of
i St & CHBR GHorA coeptar ruSEAlehe 1o Abeclesitn alenees 1 SR RBGIOTR TR0

their surroqundin I n an, enbodi aver age conductor density
may be det ngawr &Pa'g%%ﬁ Hgaidﬁ%%ﬂsu%ﬁta@ g phe digsh Lowt gattgm dpngisy
first area of nbﬂs’ tch. concern 101 and fﬁ'ﬁ? conductor densi.t
of the secHggn! sgrpindlowpattern dengihigeipn higsig %‘H dersity geglopt

;23“&““52? @{dfﬁ?%ﬁwt 8ﬁ5"&6 By eaith | 1172%1116;%; £ 0o Bpapofiuft lgel T ﬁ'ety-
10
of 't he- s o Behe R remaleoRstot Bmle i b Hin S g wbsises

conductor density and an average active area density have been
[0035] For example, once the internal conductor mismatches of both the first area of

mismatch concern 101 and the second area of mismatch concern 103 have been addressed, the
external conductor mismatches between the first arca of mismatch concern 101 and the second
area of mismatch concern 103 may be addressed, If addressing the exteral conductor
mismatches pushes the infernal conducfor mismatches outside of the desired allowance, the
internal conductor mismatches may be looked at again and adjusted a second time to bring them
back to within the desired allowances. If this second adjustment to the internal conductor
mismatches pushes the external conductor mismatches out of their desired allowances, then the

external conductor mismatches may be again addressed. This iterative process may be continued
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determ ned, dunmy conductor material 201 and dunmy active areas 203
may be placed into the surrounding areas 108 of the sem conductor
substrate 105 around the first area of m smatch concern 103 and the
second area of m smatch concern 103 such that the surrounding region
has the average conductor density and average active area density.
The pl acenent of the dummy conductor material 201 and the dummy
active areas 203 may be perforned simlar to the placenent of the
dumy conductor material 201 and the dumry active areas 203 within

the first | attern densi rregion 104, the second | a attern
donsi ty- r i Ch e E el i SR 0 et Frbgor W ieh 2 W dhethe
fourth Iow a%%grn.qf sity region 117 (descri bed above with respect
to Figure e ?%%?éwﬁW@F“The dumy conductor nmaterial 201 and the
dummy active areas 203 nay be placed and formed in conjunction with
each to fdBiBébt hehoweveniihe iterative peagesh dessritntd alonyp isinotthe axgpmiethod that rgayded
rings, ctc.), or else may bc fornmed separately from each other

[ 0042] Addivstddn addrass bythy the intespad cefidnesertmismatahis and therestemal opdustdr mismmtchess
108 of the sem conductor substrate 105 actually contains sone

f unct i onaland embadingnisshquitbrot begenstaied foyrequiie tha exast IEpeges descaibed. tAny svitabley
conductor material 201 and dummy active areas 203 nmay be pl aced and
formed ar PIRFESSPheshiewing il dasied tolerageqs of bath the intpsnal eorducioranisreatehiqeand the
conductor density and the active area density of the surrounding
areas 108 ciermplfandusior suspashasouchespsuitahicoptimization roydine o algodhmemiang wi t h
the functiognal structures. 100431By.reducing the density m smatch
bet ween arByBatiysely e pHizpbandstilhregapmarithin s teoneod the respent ebasimentsy n
density, subsequent issues of step gate heights, |ithographic

al i gnnment $003and \Rigurebhle davethutiddinhs actbiy alass 208 ehag ello belhitia®l widiliigé figns
can inprove variations of the threshold voltages between the devices
bei ng nanidvapdticmeldnsitg segival 104, sl stowpd w patieriv daisigt degitus 1130thel Biid hove phtte@n t
bet ween the devices. [0044]Figure 4A illustrates a flow chart that
may be ut idénsitedgiond 15 emisthe fpurih bwakiddn deasiyotgion! 17limowerfto akitessthe nisodal
Figure 4A 401 a first density m smatch area and a second density

m snat ch astiya aga densigyt misihtckss (pighimge Set greaand niismachrancenid 0% pdthedecdnide
first density msmatch area may be adjusted to address internal

densi ty mninseraf miswetclpdonpdye 1§3) and thelextesial goting areranisinatal atwieen the Bwtamencht
step of Figure 4A 403. Sﬁgarately fromthe second step of Figure 4A
403, an i misstatchicorremdi0f gndghe sepandgrea ofmiisuetols tomgermd BaTlstpresesaf bungitige
adj usted to _address internal density m smatches of the second density
m smat ch fhedifems] agfivearep densitewismptchms gug the exterupd setivenrerdansity mismaeheaimay
density m smatches have been addressed in the second step of Figure
4A 403" anbe pexiorragd; sivpilas fodhe pypcess desrribedphovepmith respedt tof theinferak eangucyr
Figure 4A 407 the internal densities of either the first or second
densi ty nPdyHstches aad theextamyl cpadugiar wismatghes (-l itestivens ooy apfimigatiofensi t y
m smat ch between the first density m smatch area and the second
density nP@fEPch area. [00451After the fourth step of Figure 4A 407,
a determnation is made as to whether or not the adjustnents from

t he fourt [0038]ep @i anFdnthodigneritithd Aubupy sdieclartd3 203 mhyelkaiddcediwitsin thy first low

m smat ches outside of their allowable tolerances in a fifth step of

Fi gure 4Apatd.dehdity rdpion 104 6, brind e attive apen oisemRherRy tho dirst Bistianad démita
point prior to the second step of Figure 4A 403 and the third step of
Fi gur e 4Aregdiob 10hiooritiarabow 1D%opsueh as\abduy SHror engn withiniabdwe 2 5%, ofthelfirebtighr nal
m smat ches into their prescribed tolerances. If the adjustnents from
t he four t paltsinalensity rdgiapl03 Addii@7ly ihd duotny eciive arcasi?93 imay be pladed dithiititey

m smat ches to nove outside of their allowable tolerances, then the
densi ty ofecond low pattern density region 113, the third low pattern density region 115, and the fourth
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areas around the first density m smatch area and the second density
m smatch area may be adjusted to address density m smatches between
the surrounding areas and the first density m snatch area and the
second density msmatch area in a sixth step of Figure 4A 411

[0046] Figure 4B illustrates an alternative procedure for inplenented
t he enbodi nents. The first step of Figure 4B 401 may be simlar to
the first step 401 illustrated in Figure 4A, in which a first density
m smatch area and a second density m smatch area are set. In a second

t 402 of Fi 48, internal d it f ejth th irst
oD 102 Sy A o Ao SRRl BB P Bt e
d it i tch, Af t t d It 1 t ch h h .
Genely I, Ao R SIS A SR SRS
b dj ust ed..t d i I it i t. j j f
e VLSl L IR e SEBBIH AT RUAR B A R LBl

m St Eno P SOl 2 ERRE Y bty AP ERORS pb Lot G5 e

m smat ched® dens area i our ste

Fi gure 48 aét?vG 'arcL ggnﬁlgyé @g{:tsogtgrgltl 5\‘%@% ﬁrgi{ Jclﬂs iﬁr};\)g ?10 %E‘sﬁ gﬂcg tﬁsxﬁﬁchz&ﬁcc#'l?lo Orlr? ttoh e

determ nation 1'S nma er or justnments

fourth st %chg{aleag-%tgP"?e.aesuéllﬁas‘}ggitﬂlfﬁ;hﬁ?%% Bneev‘éﬁ(%@iﬂgﬂougﬁmj dflifeSe O dide Of

theft all owa tances In a step of Figure 48 408. If the

adj ust men &afd&gfﬂr vl hdilde SeLRnSly oF illiﬂ‘ééc%mﬂ e W EnidhAhReRd 108).

ext er nal en5|t|e§ out5|ge of their allowable tolerances, then the
process returns to a point prior to the second steﬁ%of Figure 4

order to 8Bkt viedupmy sepdpeier matgrial 304 padgirmax etivefgas 493 WHW"@H‘@%‘EF‘%I‘RO
B e oA A T LD, 2
R AT S A R
The sur rodheheh B @it B Sy sohe Blor makan £ Sretiind kA TR S48 BHE0D
00481 Houd fr st ST SaR i Bpelp ol bl Hhg st At b e,

the two p&ﬁ%@g@%ﬁg {hlg gllérgutnﬁ gt%nd{rxrqgglrlzi&?ﬁﬁoﬁﬁlf@%%c%ﬁeﬂ&g)5?3“?%&)% J)r)ﬁed

order of S eu Ize enen ensity

or ocess MBSt PORGAGHH Ry s ont AR B0 e @8 R RBETT 1.

process st ernative |1 ze are y I nten ed to

be i ncl udgg; i, fBih i eARSRRBIombi&ion SPARHFMnRuctor material 201 and dummy

active areas 203 may alternatively be utilized.

[6040] Figure 3 illustrates the placement of dummy conductor material 201 and dummy
active areas 203 into the surrounding areas 108 of the semiconductor substrate 105 around the
first area of mismatch concern 101 and the second area of mismatch concern 103 in order to
address conductor density and active area density mismatches between the first area of mismatch
concern 101 and the second area of mismatch concern 103 and their surroundings, In an
embodiment, an average conductor density may be determined by averaging the final conductor

density of the fitst area of mismaich concern 101 and the final conductor density of the second
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100491Figure 5 illustrates a bl ock diagramof a processing system 500
that may be used to inplenment the steps illustrates in Figures 44413.
The processing system 500 is a general purpose conputer platform and
may be used to inplenent any or all of the processes discussed
herein. The processing system 500 nmay conprise a processing unit 504,
such as a desktop conputer, a workstation, a |aptop conputer, or a
dedi cated unit custom zed for a particular application. The
processi ng system 500 may be equi pped with a display 503 and one or

nore i nput/output devices_ 505, such as a, se, keyboar.d, .
printer. THaopPEEaisleangery M desermingd os ﬁ?eﬁ‘érlb%‘g"’&e‘ﬁ fepriget t%FEE’&?Li“’r‘?de an
unit (CPU) 506, penory 508, ss .stqrage devjce 510, a video
adapt er 5PYCTAgEAHVEArep P@SW@&‘G%@”@&@ 4 &gﬁ%?é‘fgéhe ﬁ%?ﬁct‘gﬁgees@s.‘ty of the

100501The Jpus 512 may .be one qr r f any type of..several Db

ar chi t ect dF%ae lﬂﬂ%?bcoﬁceﬁk@rai’%g"@?c%%?gg'ﬁlg'n‘ffpﬁlsfcé’@arﬁa&S

peri pheral .bu or video bus. The CPU 506 may conprise any type of

el ect r oni éﬂlﬂ’ﬁ%%‘?%‘e‘ or, and the nenory 508 nmy conprise any type
of system nenory, such as static random access nenory (SRAM, dynamc
random ac¢@st] nmerfcy an HRANY conductordehsityrang aneveoey aiRONEa deugipgrycTieen nass
storage device 510 may conprise any type of storage device configured
to store detsmingdr dumyhwndugiodmatetial 201 and dlnmay defive avees 208 megkeplated indethy
prograns, and other information accessible via the bus 512. The mass
storage dewiaadiag@cayd ()8 efdhpemirendupior substetepiDa aropidhobitstpstact mismatchar d

di sk drive, a magnetic disk drive, or an optical disk drive.
100521 The coticgiad Ohauihesecond arep abmismeich vow%f%rﬂﬁ%batﬁlf@'m@%@gm has
interfaces to couple external input and output devices tqg . the

pr ocessi néhesneregesomuctordensily sad pragaagtive sreairndlys Theplaseprrorl the dpmgy

and out put devices include the display 503 coupled to the video

adapt er 5 gendupier raerial 2Gbandtiis dprany aciiys areas 20p max bepergped siopilayigdhs o,
printer, and the like, coupled to the I/QO interface 516. her

devi ces niipesseentefihs dé’ﬂ‘niyd;oﬁ‘l\’@tobmﬁf% g? lrfglgﬂﬁidf‘m@@&?“"ﬁ ﬁffa%@g“f"ggﬁléq firg},
fewer interface cards npy utilized. For exanpl.e, er,i. gl
interface'%?agcTﬂﬁqs‘%W@WH)lg‘ﬁﬁvsﬁ@“‘i ypatiesm fengity; Tgerony] @e‘?‘f’ g‘l"ﬁilq’l‘f’é‘?@&ce

f i . Th ' it 50 | : i.ncl ud k

02 Oy ol SR U S LA 0B D R,
i d , K (VWA 520 / i | | nk. 0531

SRR IR O R N

conponent

?ﬂay be placed and formed in conjunction with each to form other structures (such as decoupling

capacitors, guard rings, cte.), or clse may be formed scparately from cach other.

[0042] Additionally, in an embodiment in which the surrounding areas 108 of the
scmiconductor substrate 105 actually contains some functional structurcs (not cxplicitly shown
in Figure 3), the dummy conductor material 201 and dummy active areas 203 may be placed and
formed around the functional structures so as to increase the conductor density and the active
area density of the surrounding areas 108 of the semiconductor substrate 105 without interfering

with the functional structures.
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For exanpl e, the processing system 500 may include power supplies,
cabl es, a notherboard, renovable storage nedia, cases, and the |iKke.
These ot her conponents, although not shown, are considered part of

t he processing system 500. 100541Enbodi nents of the m smatch
reduction procedures (e.g., the procedures illustrated in Figures
1-4B) may be inplenented on the processing system 500, such as by
program code executed by the CPU 506. For instance, the m smatch
reducti on procedures may be input into the processing system 500 by

i nputting each of the jndividual ,steﬁ)s using, e.g., VO conponent 505.
Addi t i onal%31  hByirduring the denstyeismaish pitwes dtepeef highypatien densityernd pisax afe
mass st orage device, 51%3 When desired, a user, (not shown) may_ use the
CPU 506 affy Refiem Sehsisp gu ?Pé‘e‘ttéssﬁlﬁ*‘rﬁ}f Hepesate beighls,fithogephin aligogigpls,japg, variable
procedures.. [0Q551l n agcor,dance w t.h an enbodi nent, met hod for
reduci ng ﬁ?t%%{;i'ﬂ%?ﬁ“a@gﬁfi’ﬁ}‘?F-n@‘e&"e‘F&n‘lﬁﬁ?ﬂﬁicmﬂ}’(ﬁH@PPEI&P?WFPETSRHQHQIPEV in
a high depsity.region.of a sem conductor . substrate,and a,second
density. i Reteeh g0 ruiie bplpe Puvisiireh 2 Wl s ApRToving RGNS O ABE PR ¢ e
hi gh densj)ctf_% cqﬁlg:i n Sbei ng adj acent the |low density region is

provi ded. ENSEISN densi ty in the low density region is raised by
addi ng dummy material in the |ow density region. 100561l n accordance
wi t h anot Hé#4]l e b Bighreddt illusdrateet fayechiag thar waltiles utitjzadi ferdeositly nésmmpuhi i ng
cal cul ati ng a first density in a first region of a sem conductor

devi ce antdectionclomdid slar oifyeuied A dblovistdensity misofatch vsa sisia scomd dasity
device is provided. The first density and the second density are

adj ust ed MEMylEhaes e seinAferbaing sel anjinterpal gensily efthenfirst dgmsity djismatcbdres swpnd
density, the adjusting conprising, adding dummy materjal to the first
regi on anbp adiveted loadiigssiugme density, misgajchestof thy et depsiponisantplberes i sespnd
density m%sprégtph between the first region and the second region.

1005711 n Figarede W5t Renprteluiiim the secardrmiofEigure 44 408, #n dnoraal density of

devi ce coi*lrgri Si nd% a . . . N
the second density mismatch area may be adjusted to address internal density mismatches of the

second density mismatch area in a third step of Figure 4A 405. Once the internal density
mismatches have been addressed in the second step of Figure 4A 403 and the third step of Figure
4A 405, in a fourth step of Figure 4A 407 the internal densities of either the first or second
density mismatch areas may be adjusted to address an external density mismatch between the

first density mismetch area and the second density mismatch area,

[0045] After the fourth step of Figure 4A. 407, a determination is made as to whether or not
the adjustments from the fourth step of Figure 4A 407 pushed the intermal density mismatches
outside of their allowable tolerances in a fifth step of Figure 4A 409. If they did, then the
process may be returned to a point prior to the second step of Figure 4A 403 and the third step of
Figure 4A 405 in order to iteratively bring the internal and external mismatches into their
prescribed tolerances. If the adjustments from the fourth step of Figure 4A 407 did not cause the

internat density mismatches to move outside of their allowable tolerances, then the density of
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first region on a sem conductor substrate, the first region having a
first density and conprising a first functional region and a first
dummy region is provided. A second region is |located on the

sem conductor substrate, the second region having a second density
and conprising a second functional region and a second dummy region,
wherein the first density and the second density are wthin 2.5% of
each ot her [00581Alt hough enbodi nents and their advantages have been
described in detail, it should be understood that various changes,

substitutions and alterations c be e herein . w thout departing
rom the. <P Powi e GRLBRAG Py haits ot Heseean i Bhsivim atce iy be.  he
density m t cheg,havie been described in terns of conductor, |
densi ti es &l e%@tala%rgssg?rgggmﬁgﬁgﬁ ibglgv,ee *‘ﬁ%‘fmg'ldr‘"@@feﬂ? 3’{& dg‘ae‘#@idf"i‘sétg may
also be utjlized to r o nsity. msmatches W thin.a sem conduct or
devi ce. [dblgﬂﬂéﬁ%arréeaoa\l}%ﬁgg?cﬁrég%gggﬁ ghatgtLeadp %?ﬁtﬁ%m’éﬁ%ﬁ‘?‘gﬁgggﬁfi s not
intended to be limted to the particular enbodi nents of the process,
machi ne, M6l actHiguse 4B diwgotes an dterafivepuededure forapianented thvedbodiments t eps
described in the specification. As one of ordinary skill in the art

wi | | readiThg ficspgiep of FisyrecAB 40 anay be pimilprdo thie Siest ghend0a ilbistraserbio Figwenitds ju
processes, machines, manufacture, conpositions of matter, neans,

net hods, drhichadisy densitemismpicly ares pngla spepnd densisit raismateh ree adeses | lopasctond sent
performsubstantially the sane function or achieve substantially the
sane resul¥P? aiFigusetR g indasind dersibrpleitins Hicdist pisscepad densibemismatch pigasmeay boe
utilized according to the enhodj nents. Accordingly, the appended

clai ms ar GUPHeddn adtess an sxiromal densify mismafch iftor the eypraaldansily prissentcheschave

nmachi nes, ,nanyf act ure, coppositiqgns. of tter, means, nethods, or
st eps. V\Walﬂtges& pMABEST 2 _ens?tty ofﬂm?’ust dengi%nusmatcharea may be adjusted to address

internal density mismatches in a third step of Figure 4B 404, and, separately, an intcrnal density
of the second density mismatch area may be adjusted to address internal density mismatches of

the second density mismatch area in a fourth step of Figure 4B 406.

[6047] After the fourth step of Figure 4B 406, a determination is made as to whether or not
the adjustments from the fourth step of Figure 4B 406 pushed the external densities outside of
their allowable tolerances in a fifth step of Figure 4B 408. If the adjustments from the fourth
step of Figure 4B 406 did push the external densities outside of their allowable tolerances, then
the process returns to a point prior to the second step of Figure 4B in order to iteratively bring
the internal and external mismatches into their prescribed tolerances. If the adjustments from the
fourth step of Figure 4B 406 did not cause the external density mismatches to move outside of
their allowable tolerances, then the density of areas around the first density mismatch area and
the second density mismatch arca may be adjusted to address density mismatches between the
surrounding areas and the first density mismaich area and the second density mismatch area in a

sixth stcp of Figurc 4B 413,
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1 1. Amethod for reducing m smatch conprising: 2determ ning a
nunerical first density in a high density region of a sem conductor 3
substrate and a second density in a low density region of the
sem conductor substrate, the high 4 density region being adjacent the
| ow density region; and 5raising the second density in the | ow
density region by adding dummy material in the | ow 6density region.
12. The nmethod of claim1l, wherein the first density is an active area
density. 13. The net hod of clain11 mherein the first density is a
claim1.  furthe | Si

conduct or nS|t 1 4. The Hﬂ l i rliinq;

2det er m iR £ IHOSEVEASORY §F CERutREy TR BARE i ooz B VR BT

first reg Iog n %1gm%r4lAsa%§ 4& are not the only order of process steps that may be utilized to implement
the density mismatch reduction procedures. Any suitable order or rearrangement of process

steps may alternatively be utilized and are fully intended to be included within the scope of the

cmbodiments.

[6049] Figure 5 illustrates a block diagram of a pro ceissing system 500 that may be used to
implement the steps illustrates in Figures 4A-4B. The proccssing system 500 is a genceral
purpose computer platform and may be used to implement any or all of the processes discussed
herein. The processing system 500 may comprise a processing wnit 504, such as a desktop
computer, a workstation, a laptop computer, or a dedicated unit customized for a particular
application. The processing system 500 may be equipped with a display 503 and one or more
input/output devices 505, such as a mouse, a keyboard, (;r printer. The processing unit 504 may
include a central processing unit (CPU) 506, memory 508, a mass storage device 510, a video

adapter 514, and an I/O interface 516 connected to a bus 512,

[0050] The bus 512 may be one or more of any type of several bus architectures including a
memory bus or memory controiler, a peripheral bus, or video bus. The CPU 506 may comprise
atiy type of electronic data processor, and the memory 508 may comprise any type of system
memory, such as static random access memory (SRAM), dynamic random access memory

(DRAM), or read-only memory (ROM).

[0051] The mass storage device 510 may comprise any type of storage device configured to
stor¢ data, programs, and other information and to make the data, programs, and other
information accessible via the bus 512. The mass storage device 510 may comprise, for
example, one or more of a hard disk drive, a magnetic disk drive, or an optical disk drive.
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3 high density region and the | ow density region; 4determning a
second overall density of a second region of the sem conductor
substrate; 5 and 6adjusting either the first overall density or the
second overall density to reduce a density 7 m smatch between the
first region and the second region. 15. The nethod of claim4, wherein
the adjusting either the first overall density or the second 2
overall density reduces the density m smatch between the first region
and the second region to 3 within 2.5% of each other. 16. The net hod

(r)](;QIClO{r:l“ m 10055]“ rt hl%% w%(e)gg)({ali)tg §]9 ai?cp t «is [}8 irEth acv.gi %’1’%‘}¥ow eti netg,r. a%ilas t;[) gou%letcgtietrngl
input and output devices to the processing unit 504, As illusirated in Figure 5, examples of input
and output devices include the display 503 coupled to the video adapter 514 and the I/O
component 505, such as a mouse, keyboard, printer, and the like, coupled to the 1/0 interface
516. Other devices may be coupled to the proccssing wnit 504, and additional or fower interface
cards may be utilized. For example, a serial interface card (not shown) may be used o provide a
serial interface for a printer. The processing unit 504 also may include a network interface 518

that may be a wired link to a local area network (LAN) or a wide area network (WAN) 520

and/or a wireless link.

[0053] It should be noted that the processing system 500 may include other components,
For example, the processing system 500 may inctude power supplies, cables, a motherboard,
removable storage media, cases, and the like. These other components, although not showan, are

considered part of the processing system 500.

[0054] Embodiments of the mismatch reduction pracedures (e.g., the procedures illustrated
in Figures 1-4B) may be implemented on the processing system 500, such as by program code
executed by the CPU 506. For instance, the mismatch reduction procedures may be input into
the processing system 500 by inputting each of the individual steps using, ¢.g., I/O component
505. Additionally, the mismatch reduction procedures may be stored in the mass storage device
510. When desired, a user (not shown) may use the CPU 506 and the memory 508 to implement

the mismatch reduction procedures.

[0055) In accordance with an embadiment, a method for reducing mismatch comprising
determining a numerical first density in a high density region of a semiconductor substrate and a

second density in 4 low density region of the semiconductor substraie, the high density region
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2 outside of and adjacent to the first region, the adding the dummy
material raising a third density 3 of the third region to reduce the
density m smatch between the third region and the first region. 1

7. The method of claim1l, wherein the raising the second density
reduces the density 2 mismatch between the | ow density region and the
hi gh density region to within 2.5% of each 3other. 1 8.A nethod for
reducing m smatch conprising: 2calculating a first density in a first
region of a sem conductor device and a second density 3 in a second

ERCEIEE I EE T TR A e
is raised by adding dummy material in the low density region.
[0056] In accordance with another embodiment, a method for reducing mismatch
comprising calculating a first density in a first region of a semiconductor device and 2 second
density in a second region of the semiconductor device is provided, The first density and the
second density are adjusted to generate an adjusted first density and an adjusted second density,
the adjusting comprising adding dummy material to the fist region and the sccond region, the

adjusting also reducing a first density mismatch between the first region and the second region.

[0057] Tn accordance with yet another embodiment, a semiconductor device comprising a
first region on a semiconductor substrate, the first region having a first density and comprising a
first functional region and 4 first dummy region is provided. A second region is located on the
semiconductor substrate, the second region having a second density and comprising a second
functional region and a second dummy region, wherein the first density and the second density

are within 2,5% of each other

[0058] Although embodiments and their advantages have been described in detail, it should
be understood that various changes, substitutions and alterations can be made herein without
departing from the spirit and scope of the embodiments. For example, while the density
mismatches have been described in terms of conductor densities and active areas densities, other
structural densities may also be utilized to reduce density mismatches within a semiconductor

device.

{0059] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,

methods and steps described in the specification. As one of ordinary skill in the art will readily
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5 an adjusted second density, the adjusting conprising addi ng dummy
material to the first region 6 and the second region, the adjusting
al so reducing a first density m smatch between the first 7 region and
t he second region. 19. The nethod of claim8, wherein the adjusting
the first density and the second density is 2 continued until the
first density msmatch is | ess than about 2.5% 110. The net hod of
claim8, further conprising: 2determining a first internal density in
a high density region of the first region; 3determ ning a second
i nt ernal I i ' : ' t ' .on-

ernal ; SR, BRbc@bes! fninkd, amief e I
4adj ust i ngﬁ é&t%s(g{):rgn@ (#sg'te(sedrﬂﬁgﬁhﬁgﬁs??yﬁfaﬁ fhe T ow dengulrtyrr e%‘?% ons
until an i@l ehddGheatl€ Biinbds, or 8 élly BRIME SPtatel® bt iEveopéd) InGl JLAb
density aﬁ% t%e’§gcéﬁ§ iﬁ?efﬁ%ﬁgggnsfty S fgss than abolt giitorn

substantially the same function or achieve substantially the same result as the corresponding

embodiments described herein may be utilized according to the embodiments. Accordingly, the
appended claims arc intended to include within their scope such processes, machines,

manufacture, compositions of matfer, means, methods, or steps.
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6 2.5% the adjusting conprising adding the dummy material to the | ow
density region. 111. The nethod of claim8, wherein the first density
Is a conductor density. 112. The nmethod of claim8, wherein the first
density is an active area density. 113. The nethod of claim8, further
conprising: 2determning a third density in the first region and a
fourth density in the second region of 3 the sem conductor devi ce;
and 4adjusting the third density and the fourth density by adding
dummy material to the first 5 region and the second region, the

adj usting reducing a second density m smatch between the first 6

region an ion, wherein the first density is a
IyliAg 1S EERNTED 79

conductor density third
1 L A method for reducing mismatch comprising:
2 determining a numerical first density in a high density region of a semiconductor

3 substrate and a second density in a low density region of the semiconductor substrate, the high
4  density region being adjacent the low density region; and
5 raising the second density in the low density region by adding dummy matetial in the low

6  density region.
i 2 The method of claim 1, wherein the first density is an active area density.
1 3. The method of ¢claim 1, wherein the first density is a conductor density.

1 4, The method of claim 1, further comprising:
2 determining a first overall density of a first region, wherein the fivst region comprises the

3 high density region and the low density region;

4 determining a second overzll density of a second region of the semiconductor substrate;
5 and
6 adjusting cither the first overall density or the second overall density to reducc a density

7  mismatch between the first region and the second region.

i 5. The methad of claim 4, wherein the adjusting cither the first overall density or the second
2 overall density reduces the density mismatch between the first region and the second region fo

3  within 2.5% of each other.
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7 density is an active area density. 114. The nethod of claim 8,
further conprising: 2determ ning an average density fromthe adjusted
first density and the adjusted second 3 density; and 4adjusting a
third density in a third region to the average density, the third
region being 5 between the first region and the second region. 115 A
sem conductor device conprising; 2a first region on a sem conduct or
substrate, the first region having a first density and 3 conprising a
first functional region and a first dummy region; and

1 6. The method of claim 4, further comprising adding the dummy material to a third region
2  outside of and adjacent to the first region, the adding the dummy material raising a third density

3 of'the third region to reduce the density mismatch between the third region and the fitst region.

1 7 The method of claim 1, wherein the raising the second density reduces the density
2  mismatch between the low density region and the high density region to within 2.5% of each

3  other.
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4a second region on the sem conductor substrate, the second region
having a second 5 density and conprising a second functional region
and a second dumry rcgion, wherein the first 6 density and tHe second
density are within 2.5% of each other. 116. The sem conductor device
of claim 15, wherein the first density is -a conductor density.

117. The sem conductor device of claim15, wherein the first density
IS an active area density. 118. The sem conductor device of claim 15,
wherein the first functional region has a third 2 density and the

first du E fourth density. the third density being
wi thin 2. 5% of qqﬂ ?W@P?'Ps’a@ﬁ’gﬁc §/°mp;[%'§ &The seni conduct or devi ce of
claim15, wherei on. has .a ird d that
to or Between sachlaﬁg s}ii ' Stodgns"’?t' 03 S {egipRe fg tole]al iy 3%‘3 M a"tdﬁ'é;ectoﬁd &3
region be' anecon%%g?on of the semiconductor device; and
4 adjusting the fivst density and the second density to generate an adjusted first density and
5 an adjusted sccond density, the adjusting comprising adding dummy material to the fitst region

6 and the second region, the adjusting also reducing a first density mismatch between the first

7  region and the second region.

1 9. The method of claim 8, wherein the adjusting the first density and the second density is

2 continued until the fivst density mismatch is less than about 2.5%,

1 10.  The method of ¢laim 8, further comprising;

2 determining a first internal density in a high density region of the first region;
3 determining a second internal density in a low density region of the first region; and
4 adjusting the second infernal density in the low density region until an infernal density

5 mismatch between the first internal density and the second internal density is less than about

6  2.5%, the adjusting comprising adding the dummy material to the low density region.

i 11.  The method of claim 8, wherein the first density is a conductor density.

4 12.  The method of claim 8, wherein the first density is an active area density.

1 13.  The method of claim 8, further comprising:
2 determining a third density in the first region and a fowrth density in the second region of

3  the semiconductor device; and
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3 between the first region and the second region. 1 20.The

sem conductor device of claim15, wherein the first region has a
third density within 2 2.5%of a fourth density of the second region,
the first region being a conductor density and the 3 third density
bei ng an active area density.

4 adjusting the third density and the fourth density by adding dummy material fo the first
5 region and the second region, the adjusting reducing a second density mismatch between the first
6 repion and the second region, wherein the first density is a conductor density and the third

7  density is an active area density.

1 14.  Themethod of claim 8, further comprising:

2 determining an average density from the adjusted first density and the adjusted second

3  density; and

4 adjusting 2 third density in a third region to the average density, the third region being

5 between the first region and the second region.



15. A semiconductor device comprising:

a first region on a semiconductor substrate, the first region having a first density and
comprising a first functional region and a first dummy region; and

a second region on the semiconductor substrate, the second region having a second
donsity and comprising a sccond functional region and a sccond dummy region, wherein the first

density and the second density are within 2.5% of cach other.
16.  The semiconductor device of claim 15, wherein the first density is a conductor density.
I7.  The semiconductor device of claim 15, wherein the first density is an active arca density.

18.  The semiconductor device of claim 15, wherein the first functional region has a third
density and the first dummy region has a fourth density, the third density being within 2,5% of

the fourth density.

19.  The semiconductor device of claim 15, wherein a third region has a third density that is
cqual to or between the first density and the second density, the third tegion being located

between the fitst region and the second region.

20.  The semiconductor device of claim 15, wherein the first region has a third density within
2.5% of a fourth density of the second region, the first region being a conductor density and the

third density being an active area density.
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