DFM | nprovenent Utility with Unified Interface BACKGROUND

[ 0001] Desi gn-for-manufacturing (DFM is a devel opnental practice
enphasi zi ng manuf acturing i ssues throughout the product devel opnent
process. Successful DFMresults in | ower production cost w thout
sacrificing product quality. The concept of DFM has been wi dely
adopted in the manufacturing industry, particularly in the

manuf acturing of integrated circuits. | OOQéJlT pically, in the design
process of integrat ifnepi-eeememeULibyp ot &%’llﬁﬁd Tntedgeat ed
circuits are generated by designers. To fix hotspots and inprove the
| ayout s hrcuits, the foundry for manufacturing the integrated
Ci rcuitgﬂn%éagpgj\l/\{%e a utility for the designers to do DFM checks, so
that the hotspots and un-optim zed | ayout patterns may be found, and
may be fl060dd byDedign-tesiagnicsring (OFMT o retdiepntbasil gretie entpbaditegat i ons
of the potential problens, the utility typically makes | ocation

mar ker s nernufab@rih@iseisk Surbhbitdhecpbducierpiiast poek. Soaeafie DHM 0Gd]sThe
conventional nethods, however, were not efficient for the problem

fixing. 1&g RsabiR0t FenkahSpahe: gy, I8P adtceptef DFnONstefigwiddly
.information related to the |ocations, while the other required

I nfor mi,tahﬂﬂcdc AthSHERER: frhlllgliﬂdugtia% g@ﬂicﬁlﬁﬁy PrRbheNEMEHE dme%?at@a/&mqs.

t he designers may over-fiX or er-fix the problens.” Furthernore,
the foundries may have to ‘&ré_ovi de the designers with the principles
of the DINREhecRupitadly, inttke apsieh grasess of rtagraied dienjsy, Ot laypsits of Herplegiied
the conventional nethods also can lead to the leak in trade secret.
BRI EF DESGRIsRT @hkidEd biEe DR NeEx o0t} Folrimarave the leymwpd @it cirenits, the
under st andi ng of the enbodi nents, and the advantages thereof,

foundry for manufacturing the integrated circuits may provide a utility for the designers to do

DEM checks, so that the hotspots and un-optimized layout patterns may be found, and may be

fixed by the designers. To inform the designers the locations of the potential problems, the utility

typically makes location markers on the layouts to indicate where the problems are.

100031 The conventional methods, however, were not efficient for the problem fixing. Since
the location markers are only capable of providing the information related to the locations, while
the other required information for successfully fixing the problems were not provided, the
designers may over-fix or under-fix the problems. Furthermore, the foundries may have to
provide the designers with the principles of the DFM checks for the designers to fix the

problems. Therefore, the conventional methods also can lead to the leak in trade secret,



reference is now made to the follow ng descriptions taken in
conjunction wth the acconpanyi ng drawi ngs, in which: [0005]Figure 1
illustrates a bl ock diagram of a design-for-mnufacturing (DFM

i nprovenent utility in accordance with an enbodi nent, wherein the DFM
i nprovenent utility is configured to be integrated with a | ayout
editor conprising a | ayout database; and [0006] Figures 2 through 7
are exenpl ary | ayout patter ns and the | ayout changes to be perforned

on the | WDQ%SI rabl e | ayout changes are

speci fi ea in | ayou§ cEange i nspr uct1 ons DETAI LED DESCRI PTI ON OF

| LLUSTRATI VE EMBCDI MENTS [ 0007] The maki ng and using of the

enbodi merff@4df tHve a dicsctomgiete uadeestatidsig wé Sednibndideta dndhled adwantdges thereof,
shoul d be appreciated, however, that the enbodi nents provi de many

appl i cablrefejenseeintiow enade repidloviratdesaintibe taEh otlt@gurictiornwith the ast@iipetiping
of specific contexts. The specific enbodi nents di scussed are nerely

i 11 ustratdat@ngsadyidén:not limt the scope of the disclosure. [0008] A
met hod of generatl ng desi gn-for-manuf acturing (DFM inprovenent
instructions that do not reveal the details of the DFM checks is

provi ded [9405hcc gt Elupiraes aplodndivsiment desimefoyaapanstoie Gt he
operation of the enbodinment are then discussed, Throughout the

vari ous vRBREeraed uiility isaqcardpncs vépodinbesiment, hksiy the BFSHow avambeirsility is

are used to designate |like el enents.
configured to be integrated with a layout editor comprising a layout database; and

[0006] Figures 2 through 7 are exemplary layout patterns and the layout changes to be
performed on the layout patterns, wherein the desirable layout changes are specified in layout

change instructions.



[0009] Figure 1 illustrates a schematic bl ock diagram Bl ock 20
represents a |l ayout database storing | ayout 36 of integrated
circuits. Block 22 represents the revision (layout) database, in

whi ch revised |layouts 37 of the integrated circuits are stored.

Revi sed | ayouts 37 are generated as a result of DFM fixing. Revision
dat abase 22 and the | ayout database 20 may be a sane dat abase or

di fferent databases. Layout database 20 and 22 may i ncl ude a

non- t r anBETHILER BESG PRI U STRABYE FGOP s a hard drive,
a disc, or the like. In an enbodi nent, databases 20 and 22 may be

I ncor pogﬂe@ﬂoo%&“&mﬁé Jﬁl%ﬁg%gtﬂe%ﬁa'd 1&9&%?%%%&0&1@% ALEERE Ll

to) a s e an electronic S|gn aut omat 1 on
EDA) t I t edi b
| ayout s St ipRe s Shiv el BEVeR hipe e U B8 DER SrAliBivte
olysilicon lines taI line ontact d S b t...on
s RGPS TR 6p BRI GueeRt o ?f'% @F o eg('tﬁofréf"vfp(‘%gh
for exanple, by a foundry that manufactures the, integrated gerU|ts
DFM i npresahegismants discnssed arg mesely istrigiveyindale noblingié dhegrepecof thsr disclopue; gn
house), who use tool 30 to edit layouts 36 and 37. Therefore, the
desi gner ﬁﬂd%y U8 Gne ol D&@i@x iR g AEF b3 ! |n?a}€9féEm§§%ngMf‘§nﬂ1 Setheingehetions

circuit, t hen use DFM i npfovenent utility to performa DFM

¢ heck. ﬂﬁ d "M 1%0@&? glfz IE@%IIP & dE b]_(F’R/f %gksqy {JBEM&&; [ﬁea%g&{la%é W1M1%Hlb%¥aent.

i ncl ude war e ana/ or I'ES ective computer program codes for

per for m'ﬂl% i%.’fog]g]%lg tlh? ?ﬁi%tlo& ctIPFhe enﬂ} ?ﬁlﬂ%?&%%&%ﬁc@%emcgﬁﬁ&hﬂ{e V%L'}'Dus

i ncl udes; ern recognltlo atterns

or oL?ﬁouﬁi\%%néﬁ% Pl b AieaPi e e Bumear wE TS0

i nprovenent al though they don't have probl ens. Throughout the
descri pt[pgoy] t hEghel spatsteanschehatid Blyektdiagiadit Blobis 20 feptesaigealayout database
i nprovenent are referred to DFMinprovenent patterns. After the DFM

| Mpr oV engiing RAL eI iRtk Sated eRdiifs] BIRcDY2 lhivkenatk fvistsh (106 Basabd) th
change order (ECO instructions (referred to as |ayout change

i nstr uctlinnS DRELI DAL B7 If (RS RIS BBk ard QQL;E&] R&iRA 18R AN AR enerhtB@ as
| ayout change 1 nstructions are generated by | ayout change instruction

generatqr,, %ﬁ &Wﬂ g k& ididfad iR thsanﬂrﬂ%\"lh%gdgﬁlba@% FREEE & bartatabR

generat ed 1 ayout ¢ e instructions are prOV| In the’ form of
cpoci 11 & SR RSt LEAER s LA B e Jgo SPERHEY cbitfuier
fosi gnorRayIot komera PrL Lrst T Enadte o fer Miar o Ae gD B“Fg‘f‘%‘f’?‘ﬁ%sn?é’
e | ay g0 26 e EAReRU ot e b b es e aag B> e R ane ol

automatical |y mnth or without human intervention. (%%012]|P an ..
enbodi mBht WhlBiImaWr‘?ﬁ%@]é%WﬁC dpsignjapipmation(ERA) e, and Ay bt ayont gfifas e
(schematically illustrated as 38), and the |ayout change instructions
are provaydatipatietis imlapents pegray be thetpatteses efiagulation fegienst we wreng PelyRlisy
different |layout editors) fromdifferent vendors may all interface
wi t h DFMnesyoreml dinesnviasitcbhtagtyp @2, rsdismibetssi ineandd éedikat e t he | ayout
changes instructed by DFM inprovenent utiIity 31 Even if DFM checker

24 evol \f(?(ﬁ Gﬁ ° rﬁl\éﬁrimgreogg[gl%%tlu 1ﬂ?y’ 348 p1 oweded for example, by a foundry that

manufactures the integrated circuits. DFM improvement utility 32 may be provided to designers

(or a design house), who use tool 30 to edit layouts 36 and 37. Therefore, the designers may use



interface 38 may stay the sane. Regardl ess of whether the | ayout
changes are nade by designers or by tool 30, revised |ayouts 37 are
saved in revision database 22. [0013] DFM i nprovenent utility 32 may
be designed as a separate utility that can be conbined with
comrercial tools such as layout editors 30. Accordingly, with a
unified interface, DFMinprovenent utility 32 may be integrated with
any | ayo i tar, t Et .t ified . inter ,  Furt :
oo ciokREe B8 Bl a5 4P RRedE MRl R 0BG R b ag RS20
i ncl ude har dwar n of.t r,ogr am codes). rnatively,.each of
DFM ¢ hecff?étio B4 [zﬂ‘g cﬁﬁoﬁ*ﬁﬁéﬁé%’ﬁ 'ﬁ@iabre&?f f?’%‘?dd)é'ﬁél%@tcg?c’tk?ﬁnﬁymg A& ude
sof t war e, &ggnﬁuter program codes), but does not_ include hardware. The
pr ogr am BHHESNEE VR MY HEInsFtive £OmRHLST RIPBIGM OReTgeParivsning dhg dRcking. The
generator 26 may be enbodied on a non-transitory storage nedia, such
as a harldFrahoek peaformerchy BFMidiecker fdeinclapes, mrgis het Liskifeg yo dattesn recognition of
desi gners, so that designers may be able to integrate DFM i nprovenent
utility tB@patietts it bybut30, fiidi0dAY it gatiesss Ratthias problams o pdtersial problemone
exenpl ary | ayout changes that need to be perforned on | ayouts 36/ 37
(Fi gur e (hdtspont)earei findingdayoayputers e gesl impeyvaatanithaigt ey dDiFVhakecker
24. The layout patterns shown in Figures 2 through 6 may be the

pat t er nprefilem# Sthk@igh@l et k@ PpSon,Wed hotdpB6i 200 She 1RIY Gdtieing @t héedes,

metal lines, vias, redistribution |lines, contact plugs, and the Iike.

[ 0015] Refrpidvenent e fetcdish S BFM iipedlerrRAl JaBEMS. p&%ﬁﬁ@m@ﬁ[)@a@nmp&ue&&
each other. The determ ned | ayout change is to increase the spacing S

of | ayoule pRAARITS ]ﬂ@@‘cﬁ‘&ﬁiﬂ%?eﬁg%e@ﬁ% @%\?ﬁr @l (#eo) ﬁﬁté’ilé_tioH§ &'%i@ﬂ'&fjto%

arrows and the "+" sign. The increne n spaci ng is referred to

25 2 I HERnal b ARcb IR SRAIAENERINar Ler . The correspondi ng

| ayout chrange 1 RAstruction nma not, provide flexibility for
designers or tools. For exanple, the |layout change instruction nmay
speci fy [00d] spachrypbSibent, felgasbchange iBstencAG)s am gdnotated Sy dagiohlydhange
whi ch of |ayout patterns 40A and 40B should be noved. Alternatively
st at i ng,insnuetiort geaelaty 06 bccohinge thansiulid pidvided ibp\DHM eecher@duTiad gehyraetl
patterns, the | ayout change instruction nay not conprise the

desi gnatlayent €fangiyistaR€ehs drepionide®fn thiiforpl dfhadbit ¥ddr chputpakicbRs .
Accordingly, the designers or tool 30 (Figure 1) have the option to

de: ;er M RgstoBedRekhibRyRely PRkhRIM FHRALbSs RMRed @WRMEfbiefel; andalydibout
pattern
patterns on which the specific operations are to be performed. A designer may then read the
layout change instructions and performing corresponding changes on layout 306, Alternatively,

tool 30 may read the layout change instructions, and performs the layout changes antomatically

with or without human intervention,

[0012]  Inan embodiment, DFM improvement utility 32 provides a unified interface
(schematically illustrated as 38), and the layout change instructions are provided with a unified
format, so that different tools (such as different layout editors) from different vendors may all
interface with DFM improvement utility 32 seamlessly and execute the layout changes instructed

by DFM improvement utility 32, Even if DFM checker 24 evolves to newer generations, unified



40B i s nove right, or both noved outwardly. Alternatively, the |ayout
change instruction may specify accurately that |ayout pattern 40A
shoul d be noved to left by a value equal to AS, or may specify
differently. [0016] The | ayout change instruction according to various
enbodi ments may include various information, depending on which type
of layout changes needs to be made. For exanple t he Iayout change

: 2;;; gczlgﬁn WS M a?y ﬁg%a&ﬁe leg&&tﬂgggs ohhf: her tg %)alg{glyt C \)Euggs fe tn}: ng 8},’ desancrs
whi ch the | t t h denti f whi ch
 dent i f.irrbyﬁé@%bé%%ﬁ %v%q 4kt oG RO SPMRS Bt tern) of the

| ayout pattern(s) |nvolved and the type of the change (such as

i ncreasi [0013? PaChRES indpdéefB St ulility BNEh{be BN h&Das! a%%?&rht@ Qiility el ai g by
novi ng edge i ncreasing enclosures, etc), and the magnitude of the

change (&Ml&ﬁ%lﬁl%lﬂﬂ%‘f&ﬁ%ﬁé glﬁg %fagan ebiffor$ 5. %cc&laﬁ&!f' Qith Sl rRE YHtErface,

novenent dlstance etc. xenpl ary 1 ayout “change
i nstruct

[ayer | (TS ﬁ%@eﬁﬂ?&%&fﬂ{foﬁ R v b e S S yid
VWherein .t n1"Ed R " IS the.t
" cat U w@l ?%@?&é‘ﬁ‘? SRRk Dby ax%épﬁ%lfmenm{‘ Haerdy,
|ncrease es of atte T at

N ayerr sy Eath e%@n}@fﬁaé% Rbelotisn of PRALGR! Fherdion
(Figure 2), and the val ue AS, respectlvel . Coordinates (x151 y1,1
(x2, 1 yjamjt chagge ipstpuption gen@g@mz? ym@yzyclmq@ftwﬁ@ (SQUBpUST RECAH] cgﬁ:@) but does
poi nts of inner edges of 40A-1 and 40B-1 as foll ows:

EdgePai rmexisahids brdgaresTie progran codes p§ PEpbeheglyer 24@nd Byonnshage djstiasiiones
t hat the spaC|qg between a first edge with starting point (0 0) and
endi ng eigrator 26 mey beaerdbalisseancrnbnethgeitony sthrage metliangpcivad nkard 2dveO} disndpr
endi ng point (20 10) are to be increased by 5 mexactly. The | ayout
patter nsha/\hltehartmaystpmlﬁpeécb desigsdrs,ad et destgneisangeembit te dyegrare &FM

| ayer 31. [0019]It is realized this |ayout change instruction is
nmer el y ampevernpiteliligrid W\Mool 30.

[6014]  Figures 2 through 6 illustrate some exemplary Jayout changes that need to be
performed on layouts 36/37 (Figure 1), wherein the layout changes are determined by DFM
checker 24. The layout patterns shown in Figures 2 through 6 may be the patterns of insulation
regions, well regions, polysilicon lines, metal lines, vias, redistribution lines, contact plugs, and

the like.

[0015] Referring to Figure 2, layout patterns 40A and 40B are next to each other. The
determined layout change is to increase the spacing S of layout patterns 40A and 40B to a greater
value, as illustrated by arrows and the “+” sign. The increment AS in spacing S is referred to as a
magnitude of the Jayout change hereinafter. The corresponding layout change instruction may, or
may not, provide flexibility for designers or tools, For example, the layout change instruction

may specify that spacing S be increased to S + AS, without specifying which of layout patterns

-5.



i nprovenent utility 32 (Figure 1) may adopt other formats, as long as
the interpretation of the formats is comunicated with tool vendors,
so that tool (s) 30 and designers may understand the | ayout change
instructions. [0020]Figure 3 illustrates an exanple of noving | ayout
patterns. Patterns 42A and 42B are next to each other. Assum ng DFM
checker 24 (Figure 1) finds that |ayout pattern 42B may cause

bl th i | t ch inst : ; ¢
pat  or ni0 T AT RER te'So v RHEm R e bp ety B PEpgbf icioh V"
G eciTon for O stance 2 The Lavout change, Lol el oo, T oL

"Pol ygonMove, " for exanple. The instruction naY further include the

| ayer nofiswrspesific one of shearieralitriof dierpafteins. dscpginglyp Sleylgaaners grfeplihdrigure
magni tudes of the nove in the X and in the Y directions. Further, the
coi ner pohave gieaiptiome detgymine yatheelapoutpyttde 404 énmp¥e teward[lefo Japnfpattern
exenpl ary | ayout change instruction is provided as follows:

Pol ygon#l is mdvedight, 0Ob&th n{d@edput@vardly). Alkma)ivelWihclaysy elcinge astrtdiiat maie
pol ygon with four corner coordinates (0 0), (0 0), (11), and (1 0)

wi |1 besgepifesecuiitely thaf Rgdut @ik ©404 shoiild wendoved tledhi tyaciaherqbdto 23, drmay
The polygon is in layer 31. [0022]Figure 4 illustrates an exanpl e of
reshapi ggcitpyiottenA@t tern 44 by noving edge 46. The |ayout change

i nstruction, besides the identifier of |layout pattern 44 and the
startin&mind endi ng coordi nat es_of %ggﬁ 46, may al so include H@e ;
speci fi Ofolon F8e lghettisbangsdgpauaiion codips ip YHIoRhenpdneRis BrY BiGige gaious
(-x or +x direction) of the existing pattern, and the distance of the
nov eneninforedoBiepeyding 0B whichispe oftlewubehangrsmeedsdopt sads. Fpeanamplenthe

| ayout pattern 48. The | ayout change instruction, besides the

i dent i f lagoutohangaystrictpatrherincld®; thergipntifies of fhaddygder 4 pleralijpyed idyetsdsuchas
as whet her one or both of edges 50 and 52 is to be noved, and the

di st anceenf laydre poby esinégiond) tiey, a@l) ivehigh thdieyduapatem(Ohamwdge changed, the
instruction may al so specify that width W2 of |ayout pattern 48 is

r educedidemifith (wiiti fdentific peibk Yid @ omiiaeds of He(souopated) es thd ayanichaB2né) e
to be noved. It thus gives the designer or tool 30 the option of

maki ng gibives and tlﬁhﬁ%&ﬁ%c change (such as increasing spacing, increasing length, moving

location, reshaping by moving edge(s), increasing enclosures, efc), and the magnitude of the

change (such as the increase/reduction in size, spacing, enclosure, movement distance, etc.).
[0017]  Anexemplary layout change instruction format is provided as follows:
EdgePairExpansion [layer#] [increment] (x1 y1la) (X241 ¥2a) (X1 Y1) (x22 ¥2:2)

Wherein the term “EdgePairExpansion” is the type of the change, and indicates the type of
operation that is to be performed, which is to increase spacing between edges of layout patterns.
The indicator “layer#” and “increment” indicate the layer of metal lines 40A and 40B (Figure 2),
and the value AS, respectively. Coordinates (x1g yls), (%251 ¥241), (152 ¥152), (X202 y2s2) mark

the starting and end points of inner edges of 40A-1 and 40B-1.



[0024] Figure 6 illustrates an exanple of changing the relationship
between patterns on different |ayers. In an exenplary enbodi nent, an

encl osure of netal line 56 to via 58 is specified by the |ayout
change instruction. The |ayout change instruction, besides the
identifiers of layout patterns 56 (a nmetal line) and 58 (a via), may

al so include the m ni rum encl osures El, E2, E3, and E4 to each

g\lcgg(r:é: ﬂg?%ﬁ?l ! h&ﬁ%}mf Eagiy/gasygtrét%ﬁ%n% s Iﬁ?tl(}llzlsgtlth @6 ovegps;égsrsed #%nenat 1? v1dcd

to increa ? the width of netal |ine 56 or nove the position of V|a 58
to satié*?’?ﬁ@ requi renent of the layout change instruction
Al'ternatively, the layout change instruction may specify whether the
wi dth of netal pgdJRpairfpsivail A m(omgg @@s(gglgi@oq § he val ue of
increment), or the p05|t|on of via 58 should be noved (and the val ue
of the novenent), and the |like. [0025] The Iayout change instruction
may i nclWkieh spepifies it thy spricinigrbetieat p fisw sdgamitthsterhing point ®I0) e3d eping point

i nstructions have | ogical relationships such as "AND', "OR, " and
"NOT" wi(t h0)ead la se¢dnd edgd v igfustertiie podihiui@P rﬂhalebendhlg@mmlrﬂ(bw) Tego be increased
illustrated | ayout includes netal |ines 60A and 60B in a first netal

| ayer, mptaim biapep, TheAay@nchabigiss withahesspecified fint adge lany thie seopnd eddd are in

i nterconnecting netal |ines 60A and 62A, and via 70 interconnecting
met al | ifes360B and 62B. Assumi ng the DFM check results indicate that
vias 68 and 70 may have probl ens, the |ayout change i nstruction,

an exanp| e na% include three options, which are: increaéggg%mtdth
W8 by 5l bis Aeatige g oy ERREe 13§“W°ﬁt§ Fely a&ﬁt&f’mﬁlhé‘tl g via
encl osure ES by 1 nm' [0026] The designers or tool 30 may then decide
to sel ednpronengtt utilly 32H{Faaredp mayadont othexk empts, asmge%rtlé& Wawaﬂoatsofétﬁ

exanpl e, the |ayout change instruction nmay be: "increasing width W3
by 5 nmeUINB is communicated with tool vendors, so that tool(s) 30 and designers may understand the

layout change instructions.

[0020] Figure 3 illustrates an example of moving layout patterns. Patterns 42A and 42B are
next to each other., Assuming DFM checker 24 (Figure 1) finds that layout pattern 42B may
cause problems, the respective layout change instiuction may require layout pattern 42B to move
in X direction for distance D1, and in Y direction for distance D2, The layout change instruction
may include the type of the layout change, which in this case may be “PolygonMove,” for
example, The instruction may further include the layer number of the layout pattern (which is a
polygon), and the magnitudes of the move in the X and in the Y directions. Further, the corner

points of the layout pattern may be identified.
[0021]  An exemplary layout change instruction is provided as follows:

PolygonMove 3142 (00) (0 0) (1 1) (1 0)



"increasing via enclosure E5 by 1 nnm' OR "increasing spacing S3 by 10
nm' AND "increasing via enclosure E5 by 1 nm" [0027] The designers or
tool 30 nmay then execute the instruction "increasing via enclosure ES
by 1 nm' to |ayout pattern 62B, and sel ect one operation from
i nstructions "increasing width WB by 5 nnf and "i ncreasi ng spaci ng 83
by 10 nni to execute. [0028] As al so shown in Figure 7, besides

provi di 1cﬁ¥;%eﬁtﬁtegpﬁf:tlﬁe 91%;5 wfth oQu corfiey gbrd] dg%seggiﬁ)f m Fll ﬁ w1iltbe

pr ovi de oca I ONsS may

For exa r.or narke 72 i.ndj tes t a outs around.via 70
O R e LR i R n&&%ﬂif\fﬁ&?g °nébmt16veag%-erm ne
what i nprovenent needs to be done. [0029]beerr|ng back to Figure 1,

it is regized Hihat 4uhRuhey Mdx SRRNGESEHARY: R akepP i e b e koot $dge 46.
wherei n some of the | ayout s affe?ted byﬂ?he ?%sgut changes may need

further Tﬁgﬁa@mm@%%@bm ZemdeE a{eq&én%ér P og?pd&@ﬁlf@rdﬁ@q}l%l fi§virnaed

| ayouts 37, "wherei'n further M checks are perforned by DFM checker

24, and ﬁzﬂ{i‘% tﬂﬁjlth ey L 46 *&?ag%?so[x%‘{ﬁé Spificatlof ag%ﬂ%@lte%g%gé iRV R

change I'ns |on ene at or odi nment
provi di Eothe Psﬁc%lr toutsi@ig -rx%(fg-lx nechonfct)fetﬁ‘ dexcgtmg pa élIll Oarrlld nt%rﬁsﬁance of the

movement.

[0023]  Figure 5 illustrates another example of reshaping layout pattern 48. The layout
change instruction, besides the identifier of layout pattern 48, may also include the specification
as whether one or both of edges 50 and 52 is to be moved, and the distance of the movement.
Alternatively, the layout change instruction may also specify that width W2 of layout pattern 48
1s reduced to W1, without specifying which one(s) of edges 50 and 52 are to be moved. It thus

gives the designer or tool 30 the option of making different changes.

[0024] Figure 6 illustrates an example of changing the relationship between patterns on
different layers. In an exemplary embodiment, an enclosure of metal line 56 to via 58 is specified
by the layout change instruction. The layout change instruction, besides the identifiers of layout
patterns 56 (a metal line) and 58 (a via), may also include the minimum enclosures E1, E2, E3,
and E4 to each direction, although enclosures El, E2, E3, and E4 may be the same. Accordingly,
it may leave designers or tool 30 to determine whether to increase the width of metal line 56 or
move the position of via 58 to satisfy the requirement of the layout change instruction.
Altematively, the layout change instiuction may specify whether the width of metal line 56
should be increased (and the value of increment), or the position of via 58 should be moved (and

the value of the movement), and the like.



the principles of the DFM checks do not need to be provided to
designers, and foundries nmay be able to protect the proprietary

i nformati on such as what kind of problens are | ooked for in the DFM
checks. Since the layout change instructions nmay accurately specify
the operations to be peifoimed and the nagnitude of the change, there
is less possibility of over-fixing and under-fixing of problens.

0031] I d i, t,h _enbodi nents, . tility.ingludes. DE
L9051 gBer AR SRR, b i BT S
T BN BRI oL SIS0 I Sl B SR AL

checker. The DFM checker and the | ayout change_ instruction generator,
are enbodhedFigwed ilshates ammeiampley The Buateediaiuhincipdes makpllifes g%ﬁf@fbinB in
instruction specifies an identifier of a |layout pattern anmong the

| ayout pdlirsiemefs] layendnefallinepeA ande6AFay @ stcopt aretpd 1ayer, b (Santerwomediigmetal
the layout pattern. [0032]In accordance with other enbodi nents, a
utility linecb@dlesd ¢2ACanpuidd hpeogneminy mdaiidineh60B agl 2R dnsuntiag tie DEVY
conput er -readabl e mediumw th a conputer program enbodi ed t hereon

The conpliedrefile tHond hahvid@s and D Mag haekesbifng Bledny 0 danfOmstaleaekiang
| ayout patterns of an integrated circuit, and a

| ayout - GRAIR&RpIENREY HELIOMBRPEEAL ivhigh RkOgr am code for generating a

| ayout change instruction based on a result provided by the DFM

checker programpedes e Wsyts Ghegge instruction includes an
identifier of a layout™ pattern”anong the |ayout patterns of ‘an

integrated circyjt I ange to be perfornmed on the
| ayout pattern,q%%%mggﬁﬁgﬁﬁgﬁugi%ﬁ%?ﬂ%bﬁgyout change. [0033]1n

accor dance mﬁth“%g%mﬂ}QErm%%pg%hgﬁp%f a met hod includes receiving a
| ayout of an int drafé% Ly % ‘dat abase, perform ng a DFM
check on | ayout patterns of the |ayout, and generating a | ayout
change i[@261 uctTterietigisedoratola@0mesithdén debidatnetbct si@nofttinethior Mpide ekoxcdite.
| ayout change instruction includes an identifier of a |ayout pattern
among t telRyioely, P ah bainie, e lagout Bhaage Rb@etich kRYibk: and a type of a

| ayout change to be perforned on the |ayout pattern. [0034] Al though

t he enbodi nent s4mpdshp Qiidih Y BNS ageaNmve been described in detail
it should be understood that various changes, substitutions and

al terations canqRe 8RdeiRatiBide bW dgparting fromthe spirit and
scope of the enbodi nents as defined by the appended cl ai ns.. Mor eover,

the scope of thg| a%ﬁ%@&mﬁ@@?ﬁ§QbhﬁﬁhiﬁD”Ot intended to be limted to
odi fent s o

the particular e t he process, machi ne, manufacture, and
conposition of aatt . and steps described in the
speci fication. ﬁgkﬁﬁéggﬁ%§@§$ﬁgﬁ§ﬁggﬁﬁk inthe art will readily
appreciate fromthe disclosure, processes, nachi nes, manufacture,
conposi {602 ofTheatdigrers oreariS) nmtthadsecuty the tdpsctiqar @sensiny viexnsgosuny
or later to be devel oped, that perform substantially the sane

functi oB50k laci! ©ILcathsEad2BAktd/scldigosapBrali@stibh igdutlidhs “increasing width
correspondi ng enbodi ments descri bed herein may be utilized according
to the @56} 98K and AGERISHaNGhong SHEy aPRENERGal@i M5 are intended to
include within their scope such processes, nachi nes, manufacture,
conpositions of matter, neans, nmethods, or steps. In addition, each
cl ai m cH038] t uthsslsy sheywaindligue fhesideeproyidinadaxdyecheskbishagtiosh egpr markers
various clains and enbodi ments are within the scope of the

di scl osurag aiso be provided, so that the error Jocations may be specified in the layout. For example,

error marker 72 indicates that the layouts around via 70 need improvement, It is thus up to

designers and tool 30 to determine what improvement needs to be done.
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VWHAT IS CLAIMED I S: 11. A utility tool conprising: 2a

desi gn-for-manufacturing (DFM checker configured to check |ayout
patterns of an 3integrated circuit; and 4a | ayout change instruction
generator configured to generate a | ayout change instruction 5 based
on a result generated by the DFM checker, wherein the DFM checker and
the | ayout 6change instruction generator are enbodied on a

non-trapsi,Lery storage pedia, ang. ' o g

i nstr ucﬂf‘)&hfs p %W aacg?? %@Pﬁcﬁf ﬁégf@@@gmag@g&%}‘)%@? 'Iétf‘cg 9%2%%83 1#“) ]ee

| ayout patterns, B 8and respecti.ve ut ch e to be f.or
ORI A R (e e R s s
ayout 22302- iigfy?istérgtlijo%ts Im%r;r bfc %gltfct}%{ﬁd%g ?éirlisfeéi ?agrot?ts 37, wherein further DFM checks

are performed by DFM checker 24, and additional layout change instructions are generated by

layout change instruction generator 26,

[0030] In the embodiments, by providing explicit instructions instead of location markers,
the principles of the DFM checks do not need to be provided to designers, and foundries may be
able to protect the proprietary information such as what kind of problems are looked for in the
DEM checks. Since the layout change instructions may accurately specify the operations to be
performed and the magnitude of the change, there is less possibility of over-fixing and under-

fixing of problems.

[0031] In accordance with embodiments, a utility includes a DFM checker configured to
check layout patterns of an integrated circuit, and a layout change instruction generator
configured to generate a layout change instruction based on a result generated by the DFM
checker. The DFM checker and the layout change instruction generator are embodied on a non-
transitory storage media. The layout change instruction specifies an identifier of a layout pattern

among the layout patterns, and a respective layout change to be performed on the layout pattern,

[0032] In accordance with other embodiments, a utility includes a computer program product
having a non-transitory computer-readable medium with a computer program embodied thereon.
The computer program includes a DFM checker program code for checking layout patterns of an
integrated circuit, and a layout-change-instruction generating program code for generating a
layout change instruction based on a result provided by the DFM checker program code. The

layout change instraction includes an identifier of a layout pattern among the layout patterns of

_10-



2 magni tude of the |layout change. 13.The utility tool of claima1,
wherein the | ayout change instruction generator is further
2configured to generate a |location marker for marking a | ocation
corresponding to the | ayout 3change. 14.The utility tool of claim1,
wherein the | ayout change instruction conprises a plurality of
2instructions for changing | ayout patterns, and wherein the plurality

Of 1 NSty Yt i A Al OQ 3kt Al Ah AN AL pRRLE GhLE

fromt héﬁjgéégg%édc%rﬁgllt’g{t?ﬁg&%sl enk |aaf] y ofC“%I@% eﬁ "OR, Qﬂf 4 R NOT, " and

conbi nati ons thﬁég?f. %%.The utility tool of claim1, wherein the

| ayout FHREHGES PhYF /YOPi PR Eonpri ses” changi ng a 2spaci ng between t he

| ayout pattern and a nei ghboring | ayout pattern.
[0033] In accordance with yet other embodiments, a method includes receiving a layout of an
integrated circuit from a database, performing a DFM check on layout patterns of the layout, and
generating a layout change instruction based on a result obtained from the DFM check. The
Iayout change instruction includes an identifier of a layout pattern among the layout patterns of

an integrated circuit, and a type of a layout change to be performed on the layout pattern.

[0034] Although the 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 as defined by the appended
claims.-Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, and composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure, processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be developed, that perform substantially
the same function or achieve substantially the same result as the corresponding embodiments
described herein may be utilized according to the disclosure. Accordingly, the appended claims
are intended to include within their scope such processes, machines, manufacture, compositions
of matter, means, methods, or steps. In addition, each claim constitutes a separate embodiment,

and the combination of various claims and embodiments are within the scope of the disclosure.
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2l ayout pattern. 17.The utility tool of claim1l, wherein the |ayout
change instruction conprises reshaping the 2l ayout pattern. 18.The
utility tool of claiml, wherein the | ayout change instruction
conprises resizing of 2the layout pattern. 19.The utility tool of
claim1l1l, wherein the | ayout change instruction conprises changing a 2
rel ati onshi p between patterns on different |ayers, wherein the

rel ati onship g%qgrises an_3encl osure of the layout patterns. 110. The

utility todYH

IEAMER %t her conprising a | ayout editor configured

to receive the 2l ayout change instruction, and execute the |ayout
change 1 nstruct Aotilintopheripayiogt patt er n.

2

3

a design-for-manufacturing (DFM) checker configured to check layout patterns of an
integrated circuit; and

a layout change instruction generator configured to generate a layout change instruction
based on a result generated by the DFM checker, wherein the DFM checker and the layout
change instruction generator are embodied on a non-transitory storage media, and wherein the
layout change instruction specifies an identifier of a layout pattern among the layouf patterns,

and a respective layout change to be performed on the layout pattern.

2. The utility tool of claim 1, wherein the layout change instruction further specifies a

magnitude of the layount change.

3. The utility tool of claim 1, wherein the layout change instruction generator is further

configured to generate a location marker for marking a location corresponding to the layout

change.

4, The utility tool of claim 1, wherein the layout change instruction comprises a plurality of
instructions for changing layout patterns, and wherein the plurality of instructions are grouped
using logical relationships selected from the group consisting essentially of “AND,” “OR,”

“NOT,” and combinations thereof.

3. The utility tool of claim 1, wherein the layout change instruction comprises changing a

spacing between the layout pattern and a neighboring layout pattern.
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12a magni tude of the |ayout change. 112.The utility tool of claim11,
wherein the type of |ayout change is selected fromthe group

2consi sting essentially of a change in a spacing between the | ayout
pattern and an additional 3l ayout pattern, a novenent of the |ayout
pattern, a reshape of the |layout pattern, a resize of the 4l ayout
pattern, a change in a relationship between patterns on different

| ayers,1ané corflienailitywns] Stdmeoivhdizd. tihRyoitichdrgy ifsoadtionfcompasannioling the
wherein the | ayout change instruction is related to a plurality 2of
patterns, Rpsitpheigi n the layout change instruction conprises no
designation of a specific one 3of the plurality of the patterns.

114. The utility tool of claim1ll, wherein the |ayout change

i nstruction cogﬁrises the 2instruction conprises a change of .the

rel ati ochshi'p betlifddHbLaPk ckmly whreindhelayout shasgg mstruction comprises reshaping the

2 layout pattern.

1 8. The utility tool of claim 1, wherein the layout change instruction compiises resizing of

2 thelayout pattern.

1 9 The utility tool of claim 1, wherein the layout change instruction comprises changing a
2 relationship between patterns on different layers, wherein the relationship comprises an

3 enclosure of the layout patterns.

1 10,  The utility tool of ¢laim ! further comprising a layout editor configured to receive the

2 layout change instruction, and execute the layout change instruction on the layout pattern,
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2code is further for generating a |ocation marker of the |ayout
pattern. 116.The utility tool of claim1l, wherein the |ayout change
I nstruction conprises a plurality 2of instructions for changing

| ayout patterns conprising the |ayout pattern, and wherein the
3plurality of instructions are grouped using |ogical relationships
selected fromthe group 4 consisting essentially of "AND," "OR "

“NOT, " dnd ldonbiAmatilitp el tdrepristfg; 117. The utility tool of claim 11
further conprising a | ayout editor configured to.receive the 2l ayout

change B&nstruct la@Bmp@t@ﬁplﬁ@ﬁﬁnﬁﬁﬂddchﬁav’i@mwn tﬁhﬁﬂﬂ?cdrﬂ;ﬁkézﬂ@ida@l@ n‘i&lnﬁﬁ"@lth a
| ayout pattern. 118. A method conprising: 2receiving a layout of an
I nt egr aged compftdt proflaMBntbod RHIRAER, the computer program comprising:

4 a design-for-manufacturing (DFM) checker program code for checking layout

5 patterns of an integrated circuit; and

6 a layout-change-instruction generating program code for generating a layout

7 change instruction based on a result provided by the DFM checker program code, wherein the

8 layout change instruction comprises:

9 an identifier of a layout pattern among the layout patterns of an integrated
10 cireuit;
11 a type of a layout change to be performed on the layout patiern; and

12 a magnitude of the layout change.

1 12.  The utility tool of claim 11, wherein the type of layout change is selected from the group
2 consisting essentially of a change in a spacing between the layout pattern and an additional

3 layout pattern, a movement of the layout pattern, a reshape of the layout pattern, a resize of the
4 layout pattemn, a change in a relationship between patterns on different layers, and combinations

5  thereof,

1 13, The utility tool of claim 11, wherein the layout change instruction is related to a plurality
2 of patterns, and wherein the layout change instruction comprises no designation of a specific one

3 of the plurality of the patterns.

I 14.  The utility tool of claim 11, wherein the layout change instruction comprises the

2 instruction comprises a change of the relationship between paiterns in different layers.
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3perform ng a design-for-manufacturing (DFM check on | ayout patterns
of the layout; 4 and 5generating a |ayout change instruction based on
a result obtained fromthe DFM check, 6wherein the |ayout change
instruction conprises: 7an identifier of a |layout pattern anong the

| ayout patterns of an integrated circuit; 8 and 9a type of a | ayout
change to be perforned on the | ayout pattern. 119. The nethod of claim
18, whedei 3t he Thayslity tetahgjaim hk tvhgrein Ga ldyartrohergesostpictioegenarating program
magni tude of the | ayout change. 120. The nethod of claim 18, wherein
the typ@ ofcodéie fhrtheofir getranipg ailscagiet etledof hemybitgatgroup 2consi sting
essentially of a change in a spacing between the |ayout pattern and a
nei ghbori ng

1 16,  The utility tool of claim 11, wherein the layout change instruction comprises a plurality
2 of instructions for changing layout patterns comprising the layout pattern, and wherein the
3 plurality of instructions are grouped using logical relationships selected from the group

4  consisting essentially of “AND,” “OR,” “NQOT,” and combinations thereof.

I 17.  The utility tool of claim’ 11 further comprising a layout editor configured toreceive the

2 layout change instruction, and perforrn the layout change instruction on the layout pattern,
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3l ayout pattern, a novenent of the |layout pattern, a reshape of the

| ayout pattern, a resize of the 4l ayout pattern, a relationship
between patterns in different |ayers, and conbi nati ons thereof.

121. The method of claim 18 further conprising autonmatically executing
t he | ayout change 2instruction using a | ayout editor.

1 18. A method comprising;

2 receiving a layout of an integrated circuit from a database;

3 performing a design-for-manufacturing (DFM) check on layout patterns of the layout;
4 and

5 . generating a layout change instruction based on a result obtained from the DFM check,

6  wherein the layout change instruction comprises:

7 an identifier of a layout pattern among the layout pattemns of an integrated circuit;
8 and
9 a type of a layout change to be performed on the layout pattemn.

1 19.  The method of claim 18, wherein the layout change instruction further comprises a

2 magnitude of the layout change.

1 20. The method of claim 18, wherein the type of the layout change is selected from the group
2 consisting essentially of a change in a spacing between the layout pattern and a neighboring
3 layout pattern, a movement of the layout pattern, a reshape of the layout pattern, a resize of the

4 layout paitemn, a relationship between patterns in different layers, and combinations thereof.

1 21. The method of claim 18 further comprising automatically executing the layout change

2 instruction using a layout editor.
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