WD 2004/ 059732 PCT/ US2002/ 041188 | C TI LI NG PATTERN
METHOD, |1 C SO FORMED AND ANALYSI S METHOD Techni cal
wWo-2@k@5973D001] The present invention rel ates grOEUS1003/041188
to fill tiling patterns for an integrated circuit.
Background Art [ 0002] Current integrated circuit (I1C
manuf acturi ng techni ques benefit froma uniform
density OICWILING BATCIGIRNMETH@D;I(E SOCeFORMED For
exanpl e, uniformdensit |s uired to prevent
di fferent amounts &N BMETHOIhe during
Tech E]c%ﬁ (!l mechani cal poli Shl ng To provide uniform
—g‘ens-rgr, various techniques for filling of enpty
[ 0003paces TiggresdneBivetitiBlepgbenéralP O3fill Glieg phtadrhefog an integrated
providing uniformdensity of wiring within a plane is
circufddr essi ng the effect of fill tiling patterns on the
el ectrical properties, i.e., fill tiles acting as
fringe capacitance, on an adjacent. wire. In

Backid@binEMkar, fill tiles add conplexity to the
electrical analysis of the circuit because each shape
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resul't. Conventionally, fil tile patterning is
polishingr Fepeovithy upifadi ddnisity vtaheuseﬂedunque@ dor fillipg of ewptytspaces have
fill tiles relative to all electrically significant

beendpyeloped. gy hpt hemati cal |y removing accounting for the
OOOBEpaCt Ohe Eﬁ‘aglenéé InlprbdiliS: g'unﬁ@ﬁhﬁ IdrINERS wRRINESEne is

onnect circuits can be establi shed and t hen
addrdsking diek effeot offll filieg patiepnessthe reka.ctrfdabpmpmes;tueo il tiles acting as

fi technj que for predicting_the. inpa fofill | es
fringp GARASUAGE> o1 HAHSieR) WP 1 RSy HiAeie oty o The eleotrical

anal}éﬂ%g?l"?e QRAD st Qgch%ggé 1%#)1%96&? ﬂ%h’t‘ﬂ{g ﬂ'];] du&tglecg hdd bal

attern creation am This tec |que|s use
capa(b&)@ﬁtdﬂﬁe iiret aeasresuit, thealile Olels tchirdpe thé ovdrall c:i];facmaaicb between the
wi t hout increasing the anpunt of conputatio

connevé%mrle%gf the GUFtie ang Brogix e eectrienl ath A8 fesegwﬁa%@ﬁpaaﬂya fill
o ALY BT bR AR A8 bt bl b rtaive o

electaslysidni fichnt fhaptr By Alathemayicdlydsmaeiepicakinging ésthe fnpact of the
fill tiles, new capacitances between the connected circuits can be established and then fitted
to modified expressions. One conventional technique for predicting the impact of fill tiles is
to assume a uniform fill tile environment around shapes based on the predicted behavior of
the fill tile pattern creation program. This technique is used because it takes into account the
fill tile pattern without increasing the amount of computational resources required to analyze
the layout compared to actually explicitly adding the fill tiles to the layout.

[ 0004] This uniform fill tile pattern assumption, historically, yields acceptable results
because of the orthogonal nature of the wiring and fill tiles. That is, most wiring has an
orthogonal layout (i.e., wires meet at right angles) and the fill tiles are oriented parallel
thereto. Advancements in processing technology, however, are now making mixed non-

orthogonal and orthogonal wiring patterns possible. Unfortunately, the provision of mixed
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because of the orthogonal nature of the wiring and
fill tiles. That is, nost wiring has an orthogonal
WO 2000059761 . €., wWires neet at right angles) andretesion?/o41188
tiles are oriented parallel thereto. Advancenents in
processi ng technol ogy, however, are now maki ng m xed
non- orthogonal and orthogonal wring patterns
orthogmms hiind won-bitiiagonelneireigyyitlt dréhagonalifdl e pettens walies thadll tile
2004/ 059732, PCT/,US2Q02/ 04118 ortho ona an
enviropspens PPRIGHRER ACPITAEISH £ ?ﬁ&@sm Op ot greémpact on
1 S8t T8 tef 1 shows
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an ICancludihg otthogmlal pidpertritlegondl Wlhag find bn vithegopal fild tilisg pattern
no | onger possible. To illusirat

are e,
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muc a(ﬁ’(ihéaft Fé%g&qﬁé otthd Céon&l' dabi?g op lety@ifife ahDEAUAIROUTowdvRr,
'S Si ua Ion, one Can assune or an% ysis a uniform
becais 8 e distamdetofalee Wlisg paneahfrom thdflﬁaoﬂ-@ﬂu@maaﬂs(dlagbnalhwlre varies along
orthogonal nat ure of th?gvvl ring and fill tiles.

the wnswéw ar&@&?@@é aqdjEorpl pRaRICIETHfOT EARD Rqn- ?Iﬂ@ogaa%%mﬁegmem
I
must TP S0P ALHARSARD ol AGRRCk ), S B 23 g, o

conei@hdﬁx@@&nﬁ@lﬂﬂ? ahd agdaef theifille askhsemnpact rcmshe éiecthnai\mop emties
order to nmake valid assunptions. For, exanp
must pe eederfained ﬁgtqach saganent of RASRNEPAY V&R i © %Sé‘fezf%ﬁ% all of these

parariIis s it of e el PP RRAGRorB ol MmO RIAL b ent non-
orthoB 6k Yiti®Beptattioablee. Consi deration of all of these
paranmet ers nmakes anal ysis of the inpact of th

[ 0006} t hogdnariew pf thetfpicepigeahereliva aeRddadt amh -2 la?th%&tsrpmwdmg a
substfug}}aé]érgwfrgn gﬁgﬁltgfafbga%mkegéag Od'5 <1,1rctuir1]]t hakrr%\lg r?fxe& Iaﬁrlr%egcﬁlal arl:d non-

orthoB5PM iefcfbaPstruzHie, LA s@'fbﬂnéﬂnﬁ%rﬁétﬁ@@ of &lgcttiosl anblysis
I'ntegrated circui t havi ng m xed orthogonal and non-

incorpomatingtheashmel ectri cal structure, an IC so forned and a
met hod of electrical analysis incorporating the sane.
Di scl osure of the Invention [ 0006] The invention
Disclo§liRldEhé Pavenbibnt i 1ing of wiring patterns. The
invention provides a nethod for providing, and an
[ 0006ht egr &F Iminuemml relateavd fiY tiliag o patingpatternsy mummnﬁpn provides a
| C | ayer,

R RN R B T M

density across an IC layer by providing a substantially uniform tile density between parts of

the IC that are arbitrarily or non-orthogonally angled. In particular, the invention provides
tiling patterns oriented substantially parallel to electrical structure regardless of the structure’s
angle. A method of electrical analysis based on this provision is also provided as is a related
program product.

[ 0007] The foregoing and other features of the invention will be apparent from thé

following more particular description of embodiments of the invention.

Brief Description of the Drawings

[ 0008] The embodiments of this invention will be described in detail, with reference



the 1C that are arbitrarily or non-orthogonally
angled. In particular, the invention provides tiling
WE2a0u059132 or i ent ed substantially parallel to eP@€US100H041188
structure regardless of the structure's angle. A
met hod of el ectrical analysis based on this provision
Is also provided as is a related program product. [.
to theGOIAYing Heufesy whakindikentgsigh#tions denate like e]@mep’ﬁeand wherein:

ooof T 04k FRBETERL LT S e Tt

tiling ?Eﬁé&g%&(}gﬂoﬂéﬁ hfwdeR ik bPbitEoRAl e&ﬁ@lo@'@mogéﬁal [wifeBhents.

ments of this invention will be described in
[ 001@let ai | Figirt B shefea tayerean mtewt@cbmdu@agda@mg open regions for tiling.
PCT/ US2002/ 041188 to the fol
0011} ke EURRACTONS 2 AeNGbastmmas gk s g AR ety
umforqlqggllmtf/fﬁ}’thgléo $h a layer of a prior art integrat ed
aving orthogonal fill tiling patterns
[001PPsi t | digde Bahweetherthyee df BiG. Bogdndingamigntatinn ercah ysamiparison
wire segnents. [ 0010] Figure 2 shows a |ayer an
tOthOIQPP@@?%QTé‘d circuit including open regions for tiling.
[ooﬂaplr 001 LIgiFlrg 4! fodls BN %ff:i@"! LRGRATRAA ikl for
ovi din ant uniformdensity for the IC
[0018f FI GFigurel sﬁ@dzglheﬁaw béFIG shinelndinigefill tlneg pafertsl dgiengd to
including orientation_ areas for corrparl son to the
substapsiaHy meagehoths oripnigharme! adjpgRleviEe S4E5S he | ayer of FIG
3 including oriented tile areas. [ 0014] Figure 6
shows the layer of FIG 3 including fill tiling
Best NEjdefy) Bér ChiSNiLOut the Fvbstiamnt i al |y match the
orientation of adjacent wire segnents. Best Mde(s
[001fbr CarWithmefecuee eawemanﬂﬁggrm&@]» Wt%sho@fsearlégﬁ%é’f an

h
integiyfed o ERTRAC P, ApBY AfSgniietia e Beu?ly D

1mpr§s§'1'oﬁ8§e pﬁ'td"%' NBeFindirefic@ble’ éhbant thatEleqssts arediseephiblet t6
I npressionable” is neant that the parts are
env1rsnmclﬁplt1nﬂu@10§$)tha’e¢m altentheirtelactriosl propeidies ﬁﬁ@@na@&h electrically

alter, . th t
imprGpiogiite o § Vi b PeCBbabia et o oy P a8, ishonld b
recogaized vV e TR apak® maybe difh stbiiurd &f TNO tHadidiectrically

impressionable such as a resistor, well, power bus segment, shielding structure, ground plane,

wave guide, etc. In one embodiment, wire segments 10, 12, 14 may be considered orthogonal
because of their relation to each other and/or other structure of IC 6 (e.g., a “top” surface 18),
and segment 16 may be considered non-orthogonal because of its relation to segments 10, 12,
14 or other structure of IC 6. It should be recognized that while a particular structural (i.e.,
wiring) pattern has been illustrated, the invention is applicable to practically any structural
pattern (electrical part layout) where segments are non-orthogonally (or arbitrarily) angled
relative to each other or other IC structure.

[ 0016] The invention provides a substantially uniform conductor density across an IC
layer by providing a suBstantiaLlly uniform tile density between parts 8. The tile density is
made uniform with fill tiling shapes that are rotated to substantially match the orientation of

parts. As aresult, the invention provides a substantially uniform conductor density across an
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recogni zed, however, that a part 8 may be any
structure of 1C 6 that is electrically inpressionable
WG omh/05%3n resi stor, well, power bus segnent, Bei/Ebzb02IgH1188
structure, ground plane, wave guide, etc. In one
enbodi nent, wire segnents 10, 12, 14 maybe consi dered
ort hogonal because of their relation to each other )
IC layemd Asruset hereinst‘Hillctila’ er jukt ‘ftide"sshaB refer tog comgpetive shapgthat is

ool SRR T e SCHEE) SR i
subst%]tﬁ?lg wnlfboH b &nlity fr i arkd. A I(%ili’(lw% Bethe aROAN kTR ah Batepeated

apartlcular structur al .e., erlng pattern
to for@patieeestoiprowidd & atathntialheuniforentile density cvppwvidsabrees.t s used

e b e S BAA (ELSEL L
condl?cré&g :d%%é | ¥dn ﬁzﬁgﬂ&g %g}jﬁit?g]hiﬁ‘ﬁésﬁg istWitiRR SO LBSLdcPhe®pREEL range,

ure. e I nvention provides a
whicls uhgtvant foa bxample aéceding anidelotodogydensi ty across an | C

| ayer b roviding a substanti al niformtile . .
[001dEnsi t FiGed bews papriseram el e rheth g SuSfapgialy uniform

unj f i fvhl L t I .
dens AL by SORRER gl s bt
a wirk 6&dthdnt(s) DEhavivenbéoond prienthti@sthat is ubstoathbga@lally angled oelative to at

conductor density across an 3 WD 2004/ 059732 )
least fremthestooumds) 18312, 18. |Thgdirst onigniabian 1,508 y geferrgq fo as being

tiley or | "t l.el s I tar.. i
ot G g s e 0TRSO it
structuf€ bLIEG Ot RBSu18 bE vsbpifiieed thdtihe asethdd is Agnethad pf analydis, Aot of

substantially uniformtile density for the area. As

actuak pevruEion: he art,dfill tiles can be repeated to form
it t i . i i i . .
00§ Lot s P P oa R B 40h DR an orentca e

area (15 BB ALARMA FRIdWY) iHWHiEH MleeRSdntad pasdlR to M dnstiefictrivalstalcture
~nearly uniform (tile or conductor) density such that
(wiret deemei(®)il0y 12,1 4i EKB&)) eaugps toin-imifomm efifsets ogelgoiiqal properties of

rese an which may v for exanple according to
thes‘%@aﬁ%?%ﬁ??ﬁﬁw55ibf“?ﬁ?@ggg?gﬁpms a flow di agram of a
[ 00168t hod {07 fiRf @i Qteg%s B stradiive dldoticdNéHi 167 dikeaife (BESD) is
for an 1C6 (FI'G 2) having a Wre segmen'tﬁis). 10, 12,
calculatedh aVhelGESDAi$ & distancé eutside odwhinhdhe preggnce o a gt (HH§. 2) does
[entation.that is

16. havjng a second or .
not SRR SO Ty SHGPLPETSE DL RGeS vire Segmentdo. 12 14,16
This HepSh odb feﬁ%&h 8)is él%evid%a by ttbratiVBs dobFySingQrsnfit bR Bf wiring
Is"generally referred to aS being” ortfhogonal because
geonadryt(bg., atpaticilar éshnaogy)ogmgaionveitianalmietiiqnl tiscwhanalysis tools
anot her and o
such as a field so?ver axgatlig%{e from, for example, SYNOPSYS, Inc. In each analysis cycle, a
tile(s) 22 (FIG. 2) is added in a line extending away from a wire segment and oriented in the
direction of the wire segment, and an analysis is completed to determine its impact (e.g., an
amount of fringe capacitance generated by the tile) on the electrical properties of the wire
segment. Each new tile 22 added is placed at the next appropriate distance from an adjacent
tile and oriented in the direction of the respective wire segment. At some point, an additional
tile 22, as determined by the electrical analysis, does not significantly impact the electrical

properties of the wire segment. The distance at which the outermost edge of the last tile is
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structure of 1C 6. It should be recognized that the
nmet hod is a nethod of analysis, not of actual
w@oowensaIat i on. [ 0018] Steps S1 to S4, in conbP@EHUBI®NZ/041188
represent a step of determning an oriented tile area
(to be defined below) in which tiling oriented
parallel to the first electrical structure (wre
placed é?neﬁt(vﬂ)e m@¢s1g124ted1ﬂne EBSE. Dho actual srepach gresheld eacassary to
electrlc 0 tles of the se
tisg @ b FSR AP Ep e e et Betuteg i Bhay ol 4ot o for grampte,
s, dnteAy Yifle Ri@B} dit.cal
te"hnt’}?rg% @E%Qcﬂé{ggﬁ%le JtEESD e@|§I:§~,a%ﬁ{c:gz;1 cuallélt ed. The EESD is
[ ooze] di st aTuréatm&rdEe,oéach\dmmfseglhentﬂlOeiérﬂde loflsa indlpdes 27tile

st Sineb S5 RS P eI e R hEEL 0 52
ded b
many é?Hera i taﬁ&aﬁg &zﬁ%ggﬁgérs [ Isibgg?wof ewi r%/ng

[ 002¢Eonet rNe)(t,emgtep S2, pelehdt oné apert eglon 0. )i g 6 requiring tiles 22
conventional electrical circuit an sis toals

is detagmaeql PENg CAWICPUPNAAPEICFRBPR JOraBhe |8 RSP LrHHpIaNS 20 cén be
dete Zsfmpfe%%}& are%‘(‘)ﬂleﬁp#éc)ﬁg&q?ﬁeﬁyc' e, a tile(s) 22

ding away froma wre
[OOZQFngentInEMBﬂ) S, bERbR dnt Brititetiordare£24 (K. df, atljmeen}t/ltlnaesecond
nment, and an analysis is leted to determn
electlilwg

st g, s e b HiEhged B4 TS0 ¢k second elecitica
a
struc&lﬁ e%@ ;h orie 1}{21’[1011 eta Zé?yéq]rg%g% ﬁ%ael%gﬁlhglg é&lrtg&g#éa 212%1’(

diffefchy Bfxta @E’.ﬁﬂt&ﬂé !p@&e@n distdanni tfle paren” Bdj tde pattern thalt & most
and oriented in the direction of the respective wire
provaleyesritlayeat hsthﬁ@nw@ﬁment hpvendh desandt tileajterngsa paiéem oriented to

|
T R -
whchleFe s%ﬁﬂ@ﬁt@tre u_ﬂé%n@lméhtﬁﬂﬁﬁi areh, tH3i sEdp hieinoliide arpﬁe‘durs@d gﬁ'tmg of
of the | ast tl le is 4 WD 2004/ 059732 PCT/ US2002/ 041188

wire pd:gmmtds 10,32 t4hd6wicearding tel egelgﬁtmne dlhase wEEpsegmyk{s) 16 that are

ct t hr esho t
angldaelofald SRy BEHOL L at: Tod gy e aPnito b shtiglon
electfifal gfc eﬁf‘é&%@ilﬁe thet&%'l‘tcthﬂ@z‘patt@ﬁQQ ﬁﬁﬁparﬂﬁﬁ kgetb UITRS basis for
Interl’evel spacing, line w etc. 0020] For

sortingatney be efedefiosl. Iaalmﬂwembcr@ns@fgﬁlmwtl, wie sqgnenisqma:[be EOCST

e BBy 0 B R 0 il bl i
segmBRYFAE (oY th s base] wié ‘ségi‘ﬁen%suﬁﬂ 12514, Iak BRAfigRAabove, would be

denoted orthogonal and wire segment 16 would be denoted non-orthogonal. Further, in this
embodiment, a default tile pattern would be one that is oriented parallel to wire segments 10,
12, 14. It should be recognized that any mechanism of sorting orientation that is
advantageous may be used. For example, orientation may be denoted by angle relative to a
“top” surface 18 of IC 6 or other structure. Further, it should be recognized that any number
of orientation labels may be used. For instance, wire segments 10, 123 14 may be further
sorted as “vertical” and “horizontal.” Once any sorting is complete, orientation areas 24 are
determined. In one embodiment, this determination is made by subtracting the TSD from the

EESD for each wire segment 16 that is angled relative to other wire segments 10, 12, 14 or
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[ 0021] Next, in step S2, at |east one open region 20
(FIG 2) of IC6 requiring tiles 22 is determ ned
waigiongswenvent i onal procedures. I n one enbodi NRBECL/PS2002/041188
regions 20 can be determ ned by sinple rectilinear
geonetry techniques. [ 0022] In step S3, at |east one
orientation area 24 (FIG 4), adjacent the second
Other@trgﬁtlfddfac Gtructure 16, is defined between the EESD
and the TSD of the second rical.  structur
[ 0028} i ent NNPHM shFR 5402 S ew@gﬁk?é[ 5 SR BT AT P Pidlid with

any o%%?{eg?}%ls Zg,r A& Cﬁéé?eg‘ﬁzlme‘a' ihERp&nL {cﬁ/dett&ﬁ{h@o&&ft&yﬂﬂ% abdak 86 (shaded).

[ I'Te"paftern” is atile pattern
“Orientedttile Srea®s16 arpiieysabmas todse tied aythroriehtedttiies, eapblds et an angle

shown, the default tile pattern is_a pattern
otherlm Bat qfshefgtatlt fits Ptaﬁéme N icrenisi Tf wBes 41 8 piigesigs Where

onen%ibn ﬁfe%S 24 %O&la%ev{n{t]l? 9]? 1%55 ygtures. To identify

W e se re an orientation area, this

OOZ&} ep Wstd@@ﬂ;&& a@pﬂfpﬁ@wl}s@ﬁers@i tile184,Gfe., aniorientse gikepettem, are
12, 14, 16 according to ogrientation. Those wre

apphgcb@rmm(esl)tﬂq ereenat anshowndndiledS.r Ehasips and erichtation ofjfiligg 34 is

se nts .10 |1 experience non-uniform
COH“%Wg@ lgogﬁne%%' ??%@1 properties because the default

00261 | i N9 1R&tdpedd) deMundile Hadsd FIG! H)ahstroceivid e dafub tileopattern are
sorting may be user defined. In the embodi nent shown,

determiimed. J2aferdhtile aneey 28 aresaspasawt insdudse @b pyented {ilscarensr2Otbik gre

W1thlgtroﬁ81? reg%ileo:nglwy @8 hé%?rgg%(ﬁmpg Bhe c{%tecr)?]%nul?gﬁ %?defraﬁllt ﬂie’ MEast R is

mad @&gﬁ%&h&nﬂg@neﬂatmﬂﬁeﬁ% fRR! benadgiahoy®, vvoul d be
denot ed orthogonal and wire segnent 16 woul d

[ 0026&not edFinalty, o sth@§6;@faulﬁuﬂptar¢@s 28 jarp ﬁlﬂﬁdszﬂéﬂ@dle@fWﬁtles 32,ie.,

a defﬁgg tg{e?pg g]ingl GISEZ%§8§ tl(irbofb telir%nig fé{r?s E]l}t Wl'h {1 3@1.&)1? Hle area 28.
[ 002'7 C 0 ani g& dohahuiap Yef&%ﬁ&atﬁ'f&@ Of traneftioh§ BetebieifRdn® fle patterns
i s advantageous may be used. For exanpl e,

may bxr ha:‘mlﬂmit in@muneber bEwegsn dtisst] i ycuiﬁ gﬂl@e&‘tﬂ ativoen Wtre gegments, at

cast o i SE s G R S B e o e o

exandPlid, Gills30! 94 nla?l% logni &Y fol?ﬁ sﬂﬁﬁ‘:?ent BRA 4078 hﬁﬁiﬁﬁze {Mel, ®emove or
egnent's’ 10 4 may be further sorted as

si gmﬁvantllyl redlce) thaat efﬂadronzaimnacta.l ‘broPedies adfpisgoast <|>q¢gr, ifgr example, by

B
the g} %%gnﬁﬁgg %%Ch fc\? e Eﬁggo({rglgorrg\?mﬁ%}e seg ﬁ?és’fﬁg’cg}o}@t}%em&pecnve
wire @égrfienmoﬁ@ﬁlfb/rﬁ@gﬂe%bléew 405PAAR/ 4 bilB8s omitted. An amount of residual
error caused by this accommodation can be taken into consideration during the electrical
analysis. Second, away from wire segments 10, 12, 14, 16, seams 42 can be arbitrarily
introduced between uniformly tiled patterns. The result is tile patterns near corners that are
handled as a special case during extraction, or seams that are away from wire segments 10,
12, 14, 16.

[ 0028] As the effects of the above acCommodétions are outside the EESD, only

vertical capacitances are apparently impacted, i.e., those between IC layers, which have an

open metal layer therebetween. This is similar to a capacitance from a first to a third layer
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other structure of 1C 6. [ 0023] Next in step $4, as
shown in FIG 5, any orientation areas 24 are overlaid
WORMN/05%8Y open regions 20, as determ ned in sSPEpPUSD)2/041188
to determne oriented tile areas 26 (shaded).
"Oriented tile areas" 26 are those areas to be tiled
- withoriented tiles, i.e., tiles set at an an
beingdtdpected b filltdmeet seofnd lagerd dii amctlcq, hpweyeit thé rSneCﬂ%h@OHﬁgUI ation of

BT PP Tt
chan%?&% Bhtyl e $hERioRIn tﬁ@@en@f@ﬁBPtBE 'tﬂ’és% ¥f i%}ia@ﬂt'ﬂfé éffelcﬁﬁe f4e of the

an oriented tile pattern, are appliedt
tiles i® mgerﬁoadtly tnlergad dastoXBe fisngetvaparitanceHnt® the sideh gf the siges. The
and orlentatlon of tilin [ con
variaiien @frihe giteqtive dspsily is aew[sﬁﬁg‘z%ﬁ a Iieﬁlogﬁﬁ?}a as%nﬁi‘abP Syipqtes only a very
small b e AR ELGuObriital receive the default tie
rn are eterm Default tile areas 28 are
[ 0026 eas rioghouittbembeograzedahatahe Edcmngﬁofaheweﬂt@mdeawré)ed above
W t hi n_open regl ons 20. In one e

can bg sensaie Aot F%6h BT BICHD] 11 A0A onat GAGH IS BE TS i’f%cogwa%%thﬂﬁﬁhe teachings

t] open regi ons 20.
OfthT %%é%% aﬁgg%qq Chﬁg&gaﬁss? &&@Rﬁﬁ ? t&%} ile ar egs 28 are
[003D] | | ed Av §Hd>v¢rﬂﬁ Hef aLhe rdsultlﬁg IG%, mcluées, at laust@fedayedr having a first

tile pattern. The size and orientation of tilin
electiienh siraniere iy B ar Hereupethegopallhpngedaglative ta Eeﬁpnﬂ%\?f@ﬁmcal

s P RO By oAy 18 SELIRED gt

densiPM provilléShy hdvlih ﬂisﬁtlwlﬁiktem Whorlretedesabstantiadlypacaiehtoshe first
at least one tile of one of the tiling patterns that

electiieal \atrqum (thewire @@@n%mépel Zeeinl eandrA seeenl tilppattern 34 oriented

subst X y i N c g 4 eg%blestl%g{utré fgl Kg rusé%ll?e é1£' % &zttn‘ually
el e Rfesnd?

€., renpve or
parallcPOieRs pablel oﬁﬁé‘aﬁ?ﬁoaﬁﬂeﬂ ectrical pr Oper“ eS Th' S

may occur, for exanple, by omtting tiles 32, 34 that
[003at e t heThsd m@gxontad;sqln@ludeme@gté@d 0§ elegirical analysis fexteichen of an

t he te If
ey SPEahIRurE e Ant FRBiT AR BBTL, 1 ot
ortho‘é’bﬁzﬁly%%l@%l%ﬁv@fbea decbifl SBMHEal SBhE Kb WHshd bifi Bieipryvisiogs of the

hers omtted. An anpunt of residual error caused by

above l‘neﬁlodc do pramigulat, dhe ghoveisesaribed methndnliovsdpuedeteinypation of the
during the e%{gectrl con
t

elecirigal & € E@pacﬁgn tl*f LFTCCi%C I1 gl@gﬁj&leﬁ é)q’élé%t\i\%é)a&em oriented
subsﬁﬁt@dlylﬁﬂl o thBrQ @lé‘éﬁﬁapﬁﬁdéﬁﬁé‘ 10N @8 &h Yhdt str@@ture, and the tile

ereSUt is til epatterns near corners
pattehh@ierm‘desubhtammﬂlblcba@lebt(&q@e«zn@le@a@ stiuetinregl 6entt thaictiuotwre. The

Qor .seans that ar W re se
electrical analysis conducted%ase\ﬁa% tLesemlectncal Ic'm}g]a%? Hetermlgéuons results in a more

precise analysis. A more precise analysis allows for evaluation of the more uniform density
across a layer of an IC and the corresponding improved performance. The electrical analysis
can also include the above methods of providing the substantially uniform density. ’J
[ 0032] In the previous discussion, it will be understood that the method steps
discussed may be performed by a processor; such as CPU of computer system, executing
instructions of program product stored in memory. It is understood that the various devices,

modules, mechanisms and systems described herein may be realized in hardware, software, or

7



12, 14, 16. [ 0028] As the effects of the above
accommodati ons are outside the EESD, only wvertical
W@ apaos17ances are apparently inpacted, i.e., tPOBES2002/041188
between |1 C | ayers, which have an open netal |ayer
t herebetween. This is simlar to a capacitance froma
first to athird layer 6 WO 2004/ 059732
a conﬂﬁfdtidﬁZﬂGhﬁl‘Md&ﬁi sdfievang) an&pwtb@@owaﬂnﬂentabm@th@rdbmas shown.
yer. |In pracfjice, howeye

They o mPATTIEGR i §he ¢ qouipue SRRy plter pppsipa adarlsd for
arryf'r%%u\’ﬁ‘{]trh&ﬁl)dscc?e@@t‘lf’d QJ% ASy$iBA Shbtafibn b BardiWaRSardrBftware
angl ng, e vari atl on in the density of
could e gdneed-pugposé compatet sysfEhewsh heotuputer grcmam;that hehen loaded and

tiles is significantly enlarged due to ri
execigh &Rl e R st qae BRCR R pahe Fybiodt Sescribed hercin

AlterfiRe %E Shic hied Fﬁgu%it ofaiflie F%géc)faqz%d KEF Ny aPd Rk 'cmrfﬁg 8ut one
r eno all'e1 ?asm tile crea only a very

or meiB N g funictional taﬁlfse:(ﬂthe/mvdﬁm doylddfe tilized. T[le P&t inention can
shoul d be recogni zed that the teacgl ngs .of ailgﬁ .

also b grabrddes ina cBREEY TR EaBHFoduCtRhich gomprisesaddhe fratgeggpabling

e

e i 1 S UL B SRR iy o

in a RMpubsr |s?sl’ﬂérﬁt- iablefo Syt tHege mletHddSAYd fundEorsh @maner program
FI 6, the resulting IC 6 includes at | east one |ayer

Softmgmbmgram, regyem, plogtan; Prodncts e oEaFe lqthe pI«zserr copjext mean any

-artho onal | e | atd v
xprFighy Piega PrEra eoire o' E DR RALRR Sucnder o cause o
systeﬂﬁl'ihifﬁﬂgyarﬂﬁf&ﬁﬁtlbﬂ Brdcassiz capAEligUb @Eﬁhﬁnﬁ alphmcurar fiatction either
density is provided by having a first tile pattern 32
directly ioeafterdhe fdlovang:i(a) QO}avggyogmp another language, cege or notation; and/or

el e | cal W re segnent 10, 12 or
(b) reﬂ?(fuc 3o o=t 3@%&?\’3 M4 Efrgl Eog{nt ern 34 oriented
003%;]J bst anfiiillis Bdfedtibihasd tech B8scEiBE@ L oR) BRI Gath the specific
ructure 16. As used herein, "substantially
embqatmahtt elittinee abﬁsvepanae\némt dirat msay alferpatiegs) mpdlf{cam@}ld

The i vent| on ) s a ctr
variafiy yai & srodiebict fors S o HF oRiarEines) RElshiobRiments of the
1nverh:ﬁ)\ﬁ' a‘ggetafoi’tﬁ3é§5vé &€ luﬁgﬁdéa t@bé iTustrateS abl lirBiRingS Vaviohs!ElRnges may
non- orthogonally angled relative to a
be msém:wnﬂowldepmmg flonsthe spirit ped 9pb af the inventing apdefinediin He
of, e above nethod. In particular, the
folloyingAdeSscri bed met hod al l ows for a deternination of
the electrical inpact, i.e., the inpact on the
el ectrical properties, of the tile pattern oriented
Industrial Applicability

[ 0034] The invention is useful for providing a substantially uniform density in a layer
of an integrated circuit having electrical structure that is angled relative to other electrical

structure.



substantially parallel to the first electrica
structure 10, 12, 14 on that structure, and the tile

wEaiosesa13nri ented substantially parallel to sepOntis2002/041188

el ectrical structure 16 on that structure. The
el ectrical analysis conducted based on these
el ectrical inpact determnations results in a nore

Claims eci se anal ysis. A nore precise analysis allows for

1.

eval yation of th e unj.form densi across.a, l.ayer

o AT 95 h IO O SR e oS R et ek fiahglastncal
Tré@ru@tlg?ec 1?! PZ’}'M?Q@A-Xﬁh onGf N i &Prel BT 618 séddBd BRRM Rl structure
nmet hods provi ding the substantially uniform
d€ms), the. I cofj@Rlng n t he previous discussion, it wll

be undergstooqd t hat e et hod, st di scussed e .
per f or rAdirsbilepafipd pt%@&hstggpa@ﬁ@a@?leﬁ@ﬁﬁﬁ fig;?%f%ctncal
SY. ) cuting instructions of program product
sfgpggk%ﬁﬁﬁenory. It is understood that the various

devi ces, secomblile @atterneB)arieated sabslargisdly pamlldbodhe beednd electrical
herein may be realized in hardware, software, or 7 WO
2004F 5732 PCT/ US2002/ 041188 a conbi nati on of

har dware and software, and may be conpartnentalized

ot her than as shown. They may be inplenented by any

t VI 10T ofelaiinul, &hessis themiret cleditie stayngparedl (sl 2a tid)pisgatovided
carrying out the methods described herein, A typica

c owtiosendllyrielstivaterofherrstruatyee 8} ehile &C, g fheisqsend electrical
| - . ;
o 5r s AL PTEAERTRYL S RO UA S SERIPU eI, |

comput er system such that it carries out the nethods
descri bed herein. Alternatively, a specific use

c Ceaf clajmink, ayheraie thefirst andiseeandidinggtternr 32, 343ip gorpbination

out..ope . or re of -the ncLio a .
AR gl el SREHARTR, 1 gERER o hrohf s sttty
al g RARBAREs,saRedpebdrElbye bf fHeddr am product, which
conprises all the features enabling the

i npl enmentati on of the nethods and functions descri bed

h [ d which - wh | oad Ny t :
" Bipd iy L ey e rul B Rt R AR Sl L T i
CORRSthAY wilhif A r8dPecti ROfiledafe®. Pr OGram program program
product, or software, in the present context nean any

expression, in any |anguage, code or notation, of a

S i hstructions i.ntended.to caus S havin
iAo "B 8 S b U TRE) (15 1Pl o e e Mgments.
particular function either directly or after the
follow ng: (a) conversion to another |anguage, code or

notation; and/or (b) reproduction in a different
material form



[ 0033] While this invention has been described in

conjunction with the specific enbodinents outlined
w@bonves9782 i s evident that many al ternatives, PCT/US2002/041188

nodi fications and variations will be apparent to

those skilled in the art. Accordingly, the enbodi nents

of the invention as set forth above are intended to

beA intdthist foaproveling msubstamiiallmgnifwm depsisy Eivarigyes ofray int¢grated

?ﬁir%pm@@ﬁbwﬂa%a%eef@v%éf S R R ADEES

U gcgﬁ%%&?% Ly d%gféld'rgﬁm& fol o, seko&paéatn&ﬂ RirbAURNU bR e Bethod

_ providing a substantially uniformdensity
I ncomnprgitRythe stepaaf: i nt egr ated circuit having electrical

L1 ot UleB gD DR SR ree) (i Bish g PRENeEPally
rpezé‘iﬁle'l p rﬁ%teeﬁiecﬁﬁdf'af E&Lgctt,{r@:alisleglo Dt Sl oﬂ QQ&Ecal

a er avi n ectrlc structure 0,

12pro§éﬂ1em@ﬂ’theeécbﬁ@eleaﬂricyl snglues] anél ati ve to a second
el ectrical structure._ (16), the. IC conprl

I ng: first.
tile pafifisethy@mntetile ﬁlfeédwgmo%]ewa}“&m 93433‘99%@ pubsgmtially
the f [ re; and a second tile

a‘?atraﬂeﬁ%o(%% Sg&ome%kndcaﬂ%&%%tl ally parallel to the
second el ectrical structure. 2. The IC of claiml1,
wherein the first electrical structure (10, 12, 14) is

pr &b ssthodafickesgidn anhegpm thestapvef determimieg ingludgsst ur e

18 f | C, :
(16) + <At ipngan R0 REAEN PR iRt CTSTHHME of which
of tht Beesbifee 03-a tl-[@ 84) Go&fnd |sig|nfﬁcﬁntly\hﬁ15&t dletthiealfprosdrtiasnd an

second tiling pattern f()32 34) in conbination wth
t hadjddentelecirichl seueine (@bkctrical structure (10, 12, 14;

16) proyide a substanti all ifo t
r espectﬁ’z@% a1 Jgst gpe ?P]eél rleg%nﬁf&fﬁ%um%,g grs I Z\l ?ncrzoss :
wher e'szc)le%iﬁﬂgzﬁ 18360 breitAtoh QReaQh4 s agfacdHt i \@chat dledtAcal

(32,
structure, between the EESD and a tile setback distance (TSD) from the second

electrical structure; and

determining the oriented tile area by determining where the orientation area

overlaps the at least one open region.

The method of claim 6, further comprising the step of determining at least one default
tile area (28) to receive a tile pattern (32) oriented substantially parallel to the first
electrical structure (10, 12, 14) , and filling the at least one default tile area with the
tiling pattern oriented substantially parallel to the first el?ctrical structure.

The method of claim 8, further comprising the step of selectively omitting at least one

tile of a tiling pattern (32, 34) that is adjacent another tiling pattern and is within an

acute angle (40) of adjacent electrical structure.

10



constant within a respective tiled area. 5. The |C of
claim1l, wherein the electrical structures (10, 12,
waq0408)73are wire segnents. 9 WO 2004/ 059732 PCT/US2002/041188
PCT/ US2002/ 041188 6. A nethod for providing a
substantially uniformdensity for a |ayer of an
integrated circuit (6) (1C) where the layer includes a
10. f i Tlt methed of claith 8sfurthet eameprising the 3tep f provading a seam (42) between
orthogonal.ly angled relatjve.to secon | ectrical
ot sl Bhnslufterhent airde fistent EomRs ERAGR TSR G2 14, 16
determning an oriented tile area (26) in which tiling
oriented substantially parallel to the first
el ectrical structure causes non-uniformeffects on
el ectrical properties of the second electrica
structure; and filling the oriented tile area with a
tiling pattern (34) oriented substantially paralle
to the second electrical structure. 7. The nethod of
claim6, wherein the step of determ ning includes:
calculating an effective electrical shielding distance
(EESD) outside of which the presence of a tile (34)
does not significantly inpact electrical properties of
an adjacent electrical structure (16); finding at
| east one open region (20) requiring tiling; defining
at | east one orientation area (24), adjacent the
second electrical structure, between the EESD and a
tile setback distance (TSD) fromthe second
el ectrical structure; and determ ning the oriented
tile area by determ ning where the orientation area
overl aps the at | east one open region. 8. The nethod
of claim®6, further conprising the step of determ ning
at least one default tile area (28) to receive a tile
pattern (32) oriented substantially parallel to the
first electrical structure (10, 12, 14) , and filling
the at | east one default tile area with the tiling
pattern oriented substantially parallel to the first
el ectrical structure.

11



9. The nethod of claim8, further conprising the step
of selectively omtting at least one tile of atiling

w@2aou059131 32, 34) that is adjacent another tilPeEUS2002/041188

11.

12.

pattern and is wthin an acute angle (40) of adjacent
el ectrical structure. 10 WD 2004/059732

PCT/ US2002/ 041188 10. The nethod of claim 8 further
c aApdtisidhef d:lttw'lcsﬂ epelydis of anvintsigragedaciseaiiid) @©) hoenge dayer

:ﬂj@gﬁl ﬂltga‘qt agq{{plgfﬁt er%ﬂ? (Tq_,;r e?i) di St c}gffﬁ}g%ngtfe% relative to a
s%éér%ég%aana UreA98Y, MbLh&Bod ddm ﬁ’sﬁgﬁﬁé%@ep@fof.

el ectrica ysi s of ’an |ntegrated circuit (6) (10

havi ng detérmiringianelegtticabjingpati ofsttile Ipett@rnl(%)l origntedcstibgtentially
(10, 12, 14)_ non-orthogonal | n rel |ve to a

s eRasilel & terfirpielgeigal a‘%mffs 0%41@3 Rfs? ?118

conpr i Sﬂ«%{&n{ %%Tg%h%&%tr&fal m%%g%&fﬂ e Gl (@h)e&léhte%laslubstantlauy
i mpact e pattern oriented substantially
papahlledto the stbmdfdl¢ctticat btewtture oalthstacond eleerion strieture; and
first electrical structure .determ ni ng an.e tri.cal

i npact esmdacting an gleqtrieal gnglusiy based em?lé%geé ¢ PC&F?@ Impacts.
parallel to the second electrical structure on the

second el ectrical structure; and conducting an

el e6d Mt ofBRIN il swhasiecdthe stephef dbedrmiming éctheleect ri cal

h hod of cl
of " det Zdﬁéli%ﬂlﬁ;lggﬁ%li% tGrowreh O hiEh EeRcRtsd Shpgaially
Srai?%fl ﬁeﬁ% %he%r‘é@él?&né 1 sﬂr\FeC e (i C,r'l]tZe ?4)5&9553%5'@5%% effects on

structure

14)cefbggRopRilestTithossroad EleatisalGtructatesand i cal
properties of the second electrical structure;

f i | i ngfitling the penteditilciares witfea tiling Ratiere (34) @@e}atgfi ﬁgbssanually
4 d llel to th d
o1 et USSR e Bty G 2004 050735

PCT/U82002/041188 13. An integrated circuit (6) (1C
including at |east one |ayer having a first electrica

structure (10, 12, 14) non-orthogonally angl ed
relative to a second electrical structure

12



(16), the I1C conprising: a substantially uniform
density across the layer. 14. The IC of claim 13,

wob@res131 he substantially uni form density acrpSEUS1962/041188

13.

14.

15.

16.

17.

| ayer is created by having a first tile pattern (32)
oriented parallel to the first electrical structure
(10, 12, 14); and a second tile pattern 5}34) oriented.
paAalihteprated cieait §@dHaneludingrat teabt aterdaner breng g figst clepgical

The 1 C of. cl.qim.13 erein.the first. el ectrical .

ot ronerp 61 18, ThomondSebnng o Ry EHEE vl glectricat structure
ref @b, Me1¢ odphghg:Structure (18) of the 1C and the
second el ectrical ™ structure (16) is provided

non- or t hegusteatiplly twifatrhdansidy acrossthelayfr.t he | C. 16. The

I C of claim13, wherein a size and orientation of each
tiling pattern (32, 34) is constant wthin a

reshé F(‘J bY 8ainh }l?,qle?é'rﬁﬁ thelshibsthh@allyCr@fors] @hitylad rodhigd B is
the electrical 'structures are wre segnents. 13 WO
206044106 9Y BAVIRC /8206 BtG:4d (323 oritBted partlniotties first clgetainal
product comri sing conput er useabl e nedi um havi ng

c oftHAlEF (}Qealaab‘f)éarﬁfogr am code enbodi ed therein for

provi di ngeAng lt'lli’%}geﬁf%}ﬂ @4? X%IHEH ﬁ&&ﬁél%ﬂ?é deYord e @riéA¥Rhoture
of an integrated circui ere the layer 1ncludes a

fi(ish. electrical structure (10, 12, 14)

non-orthogonally angled relative to a second

el ectrical structure (16), the program product

co 2o . e : :
or 1RGP PaioR | SAURAS BB b e D SR B viged
SubshevhbBy tfatp@nabihet sttuztirh €1 8)iof shie 1, end theaatond electrical
structure él_o, 12, 14) causes__ non-uniformeffects on

el &Eucturg 416)35 Browider agnwrthogenally de Athepstactyte o§ the IC.
structure (16); and program code configured to fill

the oriented tile area (26) with a tiling pattern

( 3%he BT beaarsl 13 Ubisdréaiftal stdel ayid Raieadatieh of €achhiding@anad (32, 34) is
el ectrical structure. 19. The program product of claim
18congtrat wiithin heespretize tHedialeg- pr ogr am code i ncl udes:
program code configured to calculate an effective

el ectrical shielding distance

The IC of claim 13, wherein the electrical structures are wire segments.

13



(EESD) outside of which the presence of a tile does
not significantly inpact electrical properties of an

wW@opoaosa182 el ectrical structure; program code cPC/US0EGH1188

18.

19.

20.

to find-at |east one open region (20) requiring
tiling; program code configured to define at |east
one orientation area (24), adjacent the second

el Acomiputer pstgrae PLadsct ¢ranmEsng & prnErsIsstle sediynghaving

:te ﬁt:q?%l) ?rergic%%pe pgﬂér L)OéIF g]g](?g%% %elﬁqgr §u &1%? a ﬁl%stantlally

degQfdA ®@nbibeior hi18RE 8fart inlt@rz@eé& BiréRBWh&Y thedey R indlada3 G first
where the orientat’ion area overl dﬁl&i the at | east one

op@lnctneajusu-nctumw,ﬂ?e 14) nep-anthqgopallicangdd tslagiverto @second electrical
rein et erm ni ram.code includes program
CHBR ﬂﬁ &88@%%&%??2“% SM&ast one default tile

ar ea ( Zﬁl)ogFa‘ﬁl E&Ié%oﬁﬁglﬁred td EQeMAht 8K Briénded tiR ak&NLE in which tiling

substantially parall to the first electrical
st (323 vriemed Slﬁ)stallﬁally patallel dnthegirsignlentnicnd seuatana (1 GuiRetd) causes

to fill, the Iea def uIt |Ie W.th t

¢ P ROTHERIREER ¢GCHS B S eHR A PERSIoE AR ego e e sty 16); and

first eleetdn G@de c%hﬁg&%&' kel Jfﬁ]e oriented tile area (26) with a tiling pattern
(34) oriented substantially parallel to the second electrical structure.

The program product of claim 18, wherein the determining program code includes:
program code configured to calculate an effective electrical shielding distance
(EESD) outside of which the presence of a tile does not significantly impact electrical
properties of an adjacent electrical structure;
program code configured to find-at least one open region (20) requiring tiling;
program code configured to define at least one orientation area (24), adjacent
the second electrical structure, between the EESD and a tile setback distance (TSD)
from the second electrical structure(16); and
program code configured to determine the oriented tile area (26) by

determining where the orientation area overlaps the at least one open region.

The program product of claim 18, wherein the determining program code includes
program code configured to determine at least one default tile area (28) to receive a
tile pattern (32) oriented substantially parallel to the first electrical structure (10, 12,
14), and program code configured fo fill the at least one default tile area with the tiling

pattern oriented substantially parallel to the first electrical structure.
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