METHODS FOR FABRI CATI NG AN ELECTRI CALLY CORRECT | NTEGRATED Cl RCUI T
TECHNI CAL FI ELD [0001] The present invention generally relates to
nmet hods for fabricating an integrated circuit, and nore particularly
relates to nethods that include determ ning |ayout sensitivities for
fabricating an electrically correct integrated circuit. BACKGROUND
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a lithographic mask to fabricate suchvimaionpl ex device a circuit

| ayout will pass through a variety of filters, checks, and

nodi fications before being taped out to a nmask. ldeally the process
results in a mask that can be manufactured (lithographically printed)
wi t hout defects and in an integrated circuit that is electrically

functional. [0003] The |ayout naynggﬁg dﬂ r.signgard cells and standard
device designs as well as new cell an evi ce designs, and nust

comply with rigid design rules that include mnimmfeature size,
m ni mum [8B&H; n'gh%m?ém\@ewieger@lééhﬂnb&% teumgthokle fori fitericafing ew ditegratgd circuit,

| ayout ldnﬁeh%iéa%gﬁféﬁlaﬂy relates to methods that include determining layout sensitivities for

fabricating an electrically correct integrated circuit.

BACKGROUND

[0002] Modern integrated circuits (ICs), can include millions of transistors fabricated in and
on a semiconductor substrate. In making a lithographic mask to fabricate such a complex
device a circuit layout will pass through a variety of filters, checks, and modifications before
being taped out to a mask. Ideally the process results in a mask that can be manufactured
| (lithographically printed) without defects and in an integrated circuit that is eleétricai]y

functional.

[0003] The layout may contain standard cells and standard device designs as well as new cell
and device designs, and must comply with rigid design rules that include minimum feature size,
minimum spacing between device elements, and the like. An evolving layout likely passes
through multiple simulations, many of which are time consuming, Short cuts are available to
reduce simulation time, and hence cost, without sacrificing accuracy of the design. One method
for providing approximate but fast evaluation of sensitivity of the layout to lithographic effects
that can affect variability and yield is pattern matching. Pattern matching is used to determine
lithographic or printability problems. Printability problems are problems in which a pattern on
a mask, for example a particular array of lines and spaces, cannot be accurately reproduced on a
semiconductor wafer by a lithographic process. In pattern matching single layer patterns that
are known to cause printability problems are identified from different product layouts, These
patterns form a library and designers and design tools avoid these patterns in implementing

future designs. In practice an evolving layout design can be subjected to pattern matching
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through nultiple sinulations, many of which are time consunming. Short
cuts are available to reduce sinulation time, and hence cost, w thout
sacrificing accuracy of the design. One nethod for providing

approxi mate but fast evaluation of sensitivity of the layout to

|l ithographic effects that can affect variability and yield is pattern
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pattern @ e sl td MbragXaiiRhR ade &@hgécpwr@ﬁla@dd( ay of lines and
spaces, cannot be accurately reproduced on a sem conductor wafer by a

| i thographic process. In pattern matching single |ayer patterns that
are knov{ﬁ‘]?‘ﬂ calieeughy paterbnpichipg sam be swesewsidly) igrntementediofaveis most printability

di ffer er&‘oﬂ%ﬁl@ﬁﬁz’r’(tei‘f@%ﬂ%ﬁi&g Jd’é?ﬁgt Qiﬂéeett ?ﬂlﬁ'&—lz{ﬁ:f iyt ﬁﬁt@ﬂ{s%hﬁr}%n cause clectrical

desi gner's and desi gn tool s avoid thHese patterns 1 n 1 nplenenting
problems in the completed IC. Accordingly, it is desirable to provide methods for fabricating
an integrated circuit that targets electrically correct layouts. In addition, it is desirable to
provide methods for fabricating an integrated circuit that minimize design time and avoid
electrical fault areas. Further, it is desirable to provide methods for fabricating an integrated
circuit that reduce electrical variability and improve electrical performance. Furthermore, other
desirable features and characteristics of the present invention will become apparent from the

subsequent detailed description and the appended claims, taken in conjunction with the

accompanying drawings and the foregoing technical field and background.
BRIEF SUMMARY

[0005] A method for fabricating an integrated circuit is provided that, in accordance with an
embodiment, includes providing a logical design for the integrated circuit and comparing an
element in the logical design to a library of element pattemns. The library of element patterns is
derived by identifying layout patterns having electrical properties that deviate from modeled
properties; the library also includes a quantitative measure of deviation from the modeled
properties. In response to the comparing and with consideration of the quantitative measure, a
determination is made as to whether the element is acceptable in the logical design. A mask set
is generated that implements the logical design using either the element or a modified element if
the element is not acceptable, and the mask set is employed to implement the logical design in

and on a semiconductor subsirate.

[0006] In accordance with a further embodiment, a method is provided for fabricating an
integrated circuit that includes identifying a library of layout patterns that exhibit electrical
characteristics differing from modeled characteristics. The physical parameters of the layout
patterns are perturbed to determine a range of differences from the modeled characteristics. A
preliminary design for the integrated circuit is established with the preliminary design including
a plurality of design layout patterns. The plurality of design layout patterns is compared to the

2




future designs. In practice an evolving | ayout design can be
subjected to pattern matching 1 software to identify patterns in the
| ayout design that are simlar to the library patterns. Patterns that
are simlar to library patterns are changed or replaced. 100041
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‘ BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will hereinafter be described in conjunction with the following

drawing figures, wherein like numerals denote like elements, and wherein

[0009] FIG. 1 depicts schematically, in cross section, a portion of a semiconductor device

illustrating a modeling problem;

[0010] FIG. 2 depicts schematically, in cross section, a portion of an integrated circuit

illustrating a modeling problem;




library of |ayout patterns and for any of the plurality of design

| ayout patterns bearing a simlarity to any of the library of |ayout
patterns a determnation is nade as to whether the range of
differences for that design layout pattern is an acceptable

di fference. The design |ayout pattern of any design | ayout pattern
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in cross section, a portion of an integrated circuit illustrating a
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device performance in the reduced size devices steps must be taken to enhance carrier mobility,
tailor threshold voltages, and the like. For example, SiGe may be inserted under the channel of
an MOS transistor to apply a stress to the channel and to thereby increase carrier mobility in the
channel. Additionally, carrier mobility can be increased by embedding SiGe (eSiGe) in the
source and drain regions of a p-channel MOS transistor. Carrier mobility can also be increased,
in both p-channel and n-channel MOS devices by applying a properly formulated stress layer
overlying the gate electrode of the devices. Threshold voltages can be tailored by selecting the
appropriate gate insulator (e.g., high k dielectrics), gate electrode material (doped
polycrystalline silicon or a variety of different metals), and by implanting impurity ions into the

channel region of the device.

[0016] Although the standard simulation software and timing models may be able to model

the effect of these steps for an individual device, they are not able to accurately model all the
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[0012] FIG 4 depicts, in plan view, a portion of an integrated
circuit illustrating possible perturbations that can be incorporated
into various test structures. DETAILED DESCRI PTI ON [ 0013] The .
followi ng detailed description is nmerely exenplary in nature and is
not intended to limt the invention or the application and uses of

the invention. Furthernore ..there is no intention to be bound. by an
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may result in a defective or sub-standard integrated circuits because the mobility and hence the

gain of transistor 21 may be less than the model predicts.

[0018] FIG. 2 depicts schematically, in cross section, a portion of an IC 50 that illustrates a
further simulation problem. The depicted portion of IC 50 includes a p-channel MOS transistor
52 and an n-channel MOS transistor 54, each formed in and on a semiconductor substrate 56.
The two fransistors are electrically isolated by an isolation region 58 such as a shallow trench
isolation (STI) region. In accordance with one embodiment p-channel transistor 52 includes
embedded silicon germanium (eSiGe) regions 60 on either side of a channel region 62. P-type
source and drain regions 64 are formed in and through the eSiGe regions. A gate structure 66
including a gate insulator and a gate electrode overlies the channel region. Sidewall spacers 68
are formed on the edges of the gate structure, N-channel transistor 54 includes source and drain
regions 70 on either side of a channel region 72. A gate structure 74 overlies channel region 72.

Sidewall spacers 76 are formed on the edges of the gate structure. In accordance with this

5




interactions of the device with adjacent devices and structures, nor
are they able to accurately nodel all the effects of position of a
die on a wafer with the resulting differences in processing attendant
with that position. [0017] FIG 1 depicts schematically, in cross
section, a portion of a sem conductor device 20 that illustrates one
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[0021] FIG 4 depicts, in plan view, a portion of a sem conductor 1C
50 simlar to that depicted in FIG 2 that illustrates sone, but
certainly not all, of the perturbations that can be incorporated into
various test structures. 1C 50 includes a p-channel MOS transistor 52
and an n-channel MOS transistor 54. A shallow trench isol ation
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i ndi cat eglpRyedd@ubice Z%Qﬂﬁﬁs@fhésp%rgg Sut E&@alﬁqyeﬂdt aR, Qﬂh‘@%’tu}ﬂhﬁonﬁ ‘fhdt can be
conpreSS|ve stress liner and the ténsil tress liner i's genera

fixed, SBCQ?DWWQ igevagivnetest $tiugbres, NG fkineludes @ ptdhomed) 8408 alahsistat 52) and an
|an|es in t her s e s liner in the same direction he .

bort ur bdr TERES SRS Bbiie T o Py e G i R ST RS 4Bt Bhss Bhéwn in bola
conpres Sin\é@ s‘éfﬂe@%eibttﬁ@ﬂly BolbREhPIS 1 si B UB nibedddd@AIdoR FeABanium (¢SiGe) 60
i ndi cated by doubl e headed arrow 378 or noving the boundaries of the

t ensi | e hat pegsemploged gath prehaneclpMi)s brnsitons? ip @nhae@t ihe rﬁil@bi\kﬂﬁyc;&"tl@diesw the

t he dou { ert bat i an

can i nc?é%jﬁ?ﬁg%ggﬂ{g{ %a\f‘é %g(r%}loe Lém{%“éé rgeoug%epa}nﬁdi ol %%mbg oty age& apart on
headed apposie 982 bbrae- dbarviel stﬁ!ﬁﬁlé r7ansf ahedisior S&HdT@QMbidecd]ﬁ@dﬁﬂng the
arrows %34 for n-channel MOS transistor 54, Although not illustrated

in FI G TAGUR @rnyspfesiobelensats hvs 410t berst daviied Bnthisevipwsuelpay sidewali gpasers,
vari ous r i n

manber - dnct s iSRS 27 ottlah WThGEe Ll GBI sl 1 e
di st ancéiker d?heteh!gesaot comprassiassttess tihe Huale mdiucasé bbntlmehné)d)wmdﬁd tlesedges of
and t he |I§ Iar t est. atru&&gnﬁs can be Io ated at varhous
posi ti on¥bh Sfl Ié%gé)o?fade iGpte e ilfhe 8m ta¢ peidyrbatigns that can be

process iMplehdhicanin i@ sexaRsehhharcdid fb%rﬁﬂﬁ@e&ed Ning hgBiseRl HP%@%@% be
pl anari zation (CWP) results or deposition conditions, across

waf er . ?h@nwwéﬁlyulétedeﬂnérmmelqﬂawbndﬁs»eriarbaao@ombfée |de§i¢tS ¢fi e ST;I and i m the
det ai | e(ﬂ fH%gseM erlgh g‘?glseﬁigﬁf'%l%% § f F&%%a:%% g, ef;gla|1 0& tup #ﬁ%ﬁ%r ﬁ%l 1egion 58

conparing result ed o

resul t s ced bsiravddinlcirdeld pigs SM@}Ehu’QS( (SR—‘JcﬁIEn aé/‘fﬂdi@teﬁ%*ﬂduﬂled@ﬂéﬁ arrows 158
nndeling is._available for_ use on . small scale test structures, its use
on the &1 s Plus Gduipns BEitpetiow;asiingicaied by donble Bensdadnngw 100 d00y- channel MOS

transistor 52 or by double headed arrow 162 for n-channel MOS transistor 54. Moving the
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[ 0024] The nethod | eads to decision box 135. In accordance with the
determ nation made in box 130, if the elenent and its arrangenent

wWth respect to other elenents is determned not to match an el enent

of the library of elenent patterns or is otherw se deened acceptabl e

in consideration of the quantitative nmeasure determ ned in box 210,

t hat el . ep at k e

s di scorungoseyRe Sl RoRRE HRoY ol WAEHIsh YRR el e ke he
i |1 ustr atedisiors. bS)mﬂaﬂrB/ thefpdiﬂtlebaﬁbﬁﬂﬁfm inolude hsovariyr the peomhtict of ﬂfefb@fnplesswe
el ement s mat ches Iibrgg%ﬁof el ement patterns and is

th

det er m ®¢sh f‘e‘t’éﬁaﬁ‘éf Hl?cté‘bstﬂébﬁﬁéss f TRg]t 84 PeUsePleRERE Xofitgetign as indicated by
ar r angengfibidMdaded %ﬁ%ﬁi?st OTH& %@én@l BARRLS 1HOWhnth:B8ivRXRREL fifer! d R 3énsile
a deviation from expected nodel ed parameters nore than a thr I
anount , tivankyes ingaemilddined, whaovieg enesttesmhmms theerx dingpéine generdlhealso implies
changes can i chang. th ci ng between an .

i mpur i tj“&“B%g’ﬁ? é’é?%ﬁ“ﬁ%fdﬁaﬁn?ls@%ﬁﬂf‘%?n Fetf PBnegIeth‘ﬁﬁ}‘r%‘ImPﬁé’aB?fHﬁFel include
pertur bahb@ng tHe WusGRY m&%onﬁﬂ%sﬁ%nsﬂﬁy Qin¥e ifhd bldsa&eﬁalllllﬁsYQlﬂlrectlon as
pattern changes. The nodified elenent is then subjected to

conpar i S8ficard bydoublg headediaovwhdth o1 waviag diechrunilayieses mlmtensgletﬂéxess liner 80 in
t th
R L N N e A LA

sim|ar geputbasiohesireibchids ichmeeb émehdnnan@ngths a4 RAGARENy diuble ﬁ@%@@@ﬁows
to ot her_ el nents [0025] The, el enents and their arranqwnent W th

respect 1% BYhsf AR QU R iate it I R AR e cephaprle MOS
in the lipgical gdesi ﬂloﬁ nbP S ERdich! fdrRl eLITE&Bé‘i 1b§eh§ 5&&@%5@9&(5] be

to other elenents t ~have been etermned to be acce e are use
to generlattceptaattdsktosmmas teshdirgdtes 1laiiudleob(utibﬁt€)noﬂ'lmmtathﬁkclmges m the number
correct | ayqu

i npl enent s, t he ica ign.in el.ectrica I and

| el udedob e ar reg s Rilerier af g alauinte i e Srghte B0t e to the
pat t er ngluhh@teshave hr@bamididd 8 likel (RRh: B&t diucat@d al HEQESca]Egtpat various
the nmethod is conpleted by enploying the mask set generated in box

160 to frabitiveaee tlamenyé@ﬁ o sied@rio dessisens thy effeqss efprocessgvaringon, dgi example

d d ' I |
oo 'y st i L ERRCHE B BLRBLAThRop (EOFhaling BopafPRhoRNtons

descri ptac@ns thet w&f&ﬁumﬂe Didreap P @ln@ine Pattdrad cah MaS be Mbxbiged 6f detalled modehng
variations exist. It should also be appreciated that the exenpla
embodi meRe simaplationpl thephipirddest shactares adcomparapgiesgulivod stwhtdetaﬁéd modelmg

SCOpe, %?ﬁ éfr@%@ﬂl({ﬂ Ydth r ﬁlt§9€§%‘%&fﬂ%b@@ fsu&lbfﬁ %ﬂ&%ﬂtwgf‘e %Lﬁggﬂg}ﬂ%q(%ﬁodghng

Rat her, re90|ng escrlp provi

in the asgvatiablk far cernnemigdindcaleded stragiufesyitd usploanknéiitizg 1€ heudkenploatbytively
enbodi nents. It should be understood that various changes can be nade
in thengbﬁﬁﬁqqﬂqngﬁd arrangenent of el enents wi thout departing from

t he scope of the invention as set forth in the appended cl ai ns and

the | egghoqui vabentSghhenadt. 3Vhatiidstael & BRAK 230 the ARIHAAAN fa@kordance with

fabricating an jntegrated circuit conpri si ng:
one embodiment continues by determining a quantitative measure of the deviation of the
measured parameter from the modeled parameter. If measurements made on test pattern
variations fall within a predetermined range, those similar test patterns are mapped into a single
performance group or bin. For example, if the change in some spacing on the test device results
in a change of 3% or less, all such test patterns are considered similar, Such a change in
spacing that produces a change of less than 3% from the model predicted measurement might

be considered to be of no significance. The number 3% is used here as merely an illustration; in

practice, any predetermined range can be used. Multiple performance bins corresponding to
8




providing a |ogical design for the integrated circuit, the |ogical
design including a plurality of elenents; devel oping a library
of el ement patterns derived by identifying |ayout patterns having

el ectrical properties that deviate from nodel ed properties using a
software tool on a conmputer, the library further including a

quant it adi'ffu@nmgw @ntfe dewiiatdiond lem- s tﬁ&l@iﬂ)‘?iﬁ{etﬂlglﬁod S BtdAnce with

the step of devel oping conprises: nmeasuring electrica

par amet eifls G5bodingit onaisnes besdetdminiogsa arrge onpaliffagnemsadwnedhe modeled
par amet e({ ratc%ri;sr%@s%ﬁtsargc? JrheS{ A& gtog% éé@%%?%ﬂﬁ'@h@“@ﬂ& Htgtha?d‘,&%&ty‘g‘?{e& the

t ool on e conputer, adjusti

sem condutioanaicesdt WeuCcrsng ibridetcer MitkeRgcdh@aebiRed sOfe RRMBREYh&hold
paramnmeters using the software tool on the conmputer, and determ ning

the quart?quf ppeleppad i ke wiceralabhti on caused by the adjusted physi cal
properties using the software tool on the conputer and grouping

resul ts ag ] $ i LA | f.] ;
o501 ORECOAE L0010 G IR R ST o 1300
pat t er ngleigginigng, lin respbusseo ¢he owhpagison Henciartprit 1€0; whether thel elegrani iy degeptable

in respapse t.o. the conparing and .wth consideratjon. of the .

quant i !to av ?l%/eelo wéls eﬁg?%&dﬁ%m{'ﬁg%fserﬂﬁ‘f?t‘g“}é?%“s o o ithe ftimiifglve measure
| ogi cal ddesingRdis beg2 i hend@k HeRERIThAS oOh dB&ANTPILE b dIRAHEN Hi%ox 220,
el enents that are not acceptabl e; generating a nmask set

i mpl ementing the |ogical design using the elenents or nodified _
elrrgrrent 4002 Th@ﬁﬁ‘%@@il%és tthéeaigiark beet 3% olnjagpdrdammetwitthihe|dotgirmaiation made in

et 21 Y, 2SN SIS UL By SRS BBt
match an element of the library of element patterns or is otherwise deemed acceptable in
consideration of the quantitative measure determined in box 210, that element is passed to box
160 to be used in generating a mask set as discussed below. In further accordance with this
determination, as illustrated in box 140, if the element or its arrangement to other elements
matches an element of the library of element patterns and is determined not to be acceptable,
that is, the element or its arrangement with respect to other elements would be expected to
cause a deviation from expected modeled parameters by more than a threshold amount, changes
are made to that element or its arrangement. The changes can include, for example, changing
the spacing between an impurity doped region and an isolation region or any of the other
( perturbations discussed above, and can involve multi-layer layout pattern changes. The
modified element is then subjected to the comparison of box 120. If the modified element is
deemed to be acceptable according to the criteria of box 130, the same change is applied to any
design elements and its arrangement thereof that is similar to the tested design element and its

arrangement with respect to other elements.

[0025] The elements and their arrangement with respect to other elements that have been
determined to be acceptable in the logical design and the modified elements and their
arrangement to other elements that have been determined to be acceptable are used to generate a

mask set as indicated at box 160. The mask set implements the logical design in an electrically




bet ween features of the el enent and neasuring the effect of stress on

t he neasured paraneters caused by the changi ng of spacing. 3. The

nmet hod of claim| wherein the step of determning in response to the
conparing conprises determ ning whet her neasured paraneters falling
within the specified range are acceptable for the | ogical design. 4.
The net hoslreat lGoal Md invhaeLs Plukd1Ry oF 8 & 1aFB@SIkLAY 484 A6tikh &Rbut patterns that
paraneters conprises neasuring the effect of feature spacing on %he

el ectri cadvepseamoddied. 5. The method of claim| wherein the step of
measuring el ectrical paranmeters conprises neasuring the effect of

devi ce | [ OnR .0 ' or. . e i.cal

par amet ef 020] gASTRIRAETLESRELEE NS RTRPIE BRIAE B GhoET bt se
a | i brar gereonpt indes: diét taifhlattatenitie kemigoadudtaideulcatbly dmphinentigg the logical design
el ectrical response a soc[a&gd with an el enent pattern using the
softmare”?@gpn&ﬁmFﬂgnﬁﬁﬂﬁhﬁ trate7  The method of claim| wherein the
step of generating a mask set conprises nodifying an el enent by

nodi fyi n@oa7physhital: 16RES G cinblaNemBABARAL has %eéiﬁ%l%ééﬁkéaqﬁ tﬂ@fo?%‘éﬁ% Fetailed
quantitative neasure of deviation greater than a threshold anount.

8. A netdseriptem, itagoulabs appragiated tteajraavast npinbepf varotipns sking It should also be

e AL Bt YO BRI L LR, bR e o
sof t war etht aobpepapplicabilipyt @r configuration of the invention in any way. Rather, the foregoing
i detailed description will provide those skilled in the art with a convenient road map for
implementing the exemplary embodiments. It should be understood that various changes can

be made in the function and arrangement of elements without departing from the scope of the

invention as set forth in the appended claims and the legal equivalents thereof,
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perturbing physical paranmeters of the |ayout patterns to determ ne a
range of acceptable differences fromthe nodel ed characteristics;
establishing a prelimnary design for the integrated circuit, the
prelimnary design including a plurality of design |ayout patterns;
conparing the plurality of design |ayout patterns to the library of

| ayout patterns and for any of the plurality of design | ayout
patterns beag|ng da.slgid.-arity to any of the library of |ayout
patterns ascertal ning wiet her the range of differences for that
design layout pattern is an acceptable difference; nodi fyi ng

the design |l ayout, pattern of.any design |ayout pattern that exhibits
an unaccept abl e 'ﬁ&éog%”&%?F@Wéﬁﬁ@gmggWﬂd%fﬁﬁc BP'r e tool on the
conputer; pedvabhg 5 gRdl desASEr BeintéQited BiccuiN e 95 @dad ded i iBLbing a

conprising a plurality of design |layout patterns including any design
| ayout pat t ety Rhelehays been nodified; and enpl oyi ng the mask

set to inplenent 1004 6@l a8sian. i : LGG 3 atter
substrate. 9. Tﬁgn%%%ﬁ%%ﬁ%?wgﬁékﬂﬁgl&%%pgfﬁng éﬁggég %ﬂg?§gﬁfpy?ﬁ%g
conpri ses i devni tlginigall paymuiesplet teviars lexhinbidlédygosdriessingrnduedre tool on
di fferences of el

of ugg%filal. raneters. 10, Ih met hod of cJainPB
wher of n 1 he ‘eaRF Vi tm BTG i Qo DG g e Bafo e
boundari es afodalct @yspetiicpatic@sinthe step of developing comprises:
measuring electrical parameters on semiconductor test devices and comparing
measured parameters to results generated by standard models using the software tool on
the computer, adjusting physical properties of the semiconductor test devices and
determining the effect on the measured parameters using the software tool on the
computer, and determining the quantitative measure of deviation caused by the adjusted
physical properties using the software tool on the computer and grouping results in
measured parameters falling within a specified range;
comparing elements in the logical design to the library of element patterns using
the software tool on the computer;
determining, in response to the comparing and with consideration of the
quantitative measure, whether the elements are acceptable in the logical design using the
software tool on the computer;
modifying elements that are not acceptable;
generating a mask set implementing the logical design using the elements or
modified elements;
employing the mask set to implement the logical design in and on a

semiconductor substrate,

2. The method of claim | wherein the step of adjusting comprises changing spacing
between features of the element and measuring the effect of stress on the measured

parameters caused by the changing of spacing.




measuring el ectrical characteristics of the |ayout pattern with
changed physi cal boundaries; and grouping | ayout patterns having
simlar electrical characteristics. |I1.The nmethod of claim8 wherein
the step of identifying conprises nmeasuring el ectrical
characteristics on test structure |ayout patterns. 12. The net hod of
claim8 wherein the step of identifying conprises nodeling electrical

characteristics pfe gidm @it&ﬂml 13069(%”9 f & gwmmngn%{n%gﬁeﬁgeg@f% t ool

on the conputer. 13. A net ating an i ated circuit
conpri si ng: Cmmmwmﬂpwgpmwsdgpmahmee@mgmxm@mmnﬂemumuggs&mgg\mﬂncdwt

i npl ementi ng t.he i cal nlnary circuit layout using
an arrange n?hg?”mgﬁfﬁ 3?3fwg8?léfiﬁﬂ%§86 ¥eki gn el ement s;

conparing the plurality of standard deS|gn elenents and t he
arrangenent thereof to brary of, multi-I|ayer ut patterns that
have been dét er nllifeBeth ‘Efja %‘r%’l}ce"Vh%%E§lEi?“eﬁ°Fb‘PféE?aﬁ‘l“ééﬂ %ﬁ% rgpgeshat

differ fromgmagbedeRanaimBberscb?rf@spehl W& JQQlicaPadmbREPUt er;

5. The method of claim | wherein the step of measuring electrical parameters
comprises measuring the effect of device location on a semiconductor substrate on the

electrical parameters.

6. The method of claim I wherein the step of developing a library comprises
detailed modeling and simulation of the electrical response associated with an element

pattern using the software tool on the computer.

7. The method of claim | wherein the step of generating a mask set comprises
modifying an element by modifying a physical spacing if the element is determined to

cause a quantitative measure of deviation greater than a threshold amount,

8. A method for fabricating an integrated circuit comprising:

identifying a library of layout patterns that exhibit electrical characteristics
differing from modeled characteristics using a software tool on a computer;

perturbing physical parameters of the layout patterns to determine a range of
acceptable difterences from the modeled characteristics;

establishing a preliminary design for the integrated circuit, the preliminary design
including a plurality of design layout patterns;

comparing the plurality of design fayout patterns to the library of layout patterns
and for any of the plurality of design layout patterns bearing a similarity to any of the
library of layout patterns ascertaining whether the range of differences for that design

layout patiern is an acceptable difference;

12




maki ng a change to a first standard design el ement or arrangenent
thereof that matches a multi-layer |ayout pattern of the library to
reduce the difference from nodel ed paraneters; appl ying the
change to any of the plurality of standard design elenments and the
arrangenents thereof that is simlar to the first standard design

el ement or arrangenent thereof; generating a nmask set using the
arrangenent of t ﬂ%dl@hh‘é ﬁlle'd’éMngay&it%g@lh%f gﬁ?}sﬂé%n%ﬁﬂ?ﬁﬁténﬁtﬂg e@tﬂbﬁtib an
changes thereof; an enpl oyi ng the nesk to 1 npl enent

| ogi cal des Mefsceniabiningno i ‘%@ﬁﬁ(@énauatiwogwwtt@@pé the chgiputRiie rret hod
f cl 13 wh
of claim er&ﬁé&h&iﬂﬁ%ﬂn‘%& %{t/fcggpeg%gf’ate%hc%ﬁ?agnQﬁ% Sggﬁnuaﬁﬂﬁﬁ*d&g.ﬁ'

t he spaci ng between an T npuri egi on an t1omn reg
15. The net hgdutghttahainlullBigwheedign hh@:@h@q@nﬂﬂnﬂﬁke hg:nan@hagend
conprises nmaking a change to nore.than on the first

ayer . of
standard desi gn G'¥fEAE TC Mask seg ipaleRsy tﬁ@f }05@ IFeiB8 1 S e

conpri si ng g&mc§kmanp§m@ﬂﬂéylng pattern matching to the prelimnary
circuit layout using the software tool on the conputer to determ ne
printability problenms. 17. The nmethod of claim 13 further conprising

the step of ()devejil%h@tg B'Pciluleg e A Y bf’l n{ﬁ{/i]l é@yﬂbﬂsepﬂkhﬁfyﬂ%

using the software ool on t nput er I'ayout
pat t er ns halayog peliaos cxl"niatmgpﬂmpsemﬁu@ duﬁhfaencdevf @¢ogridat parrmmods] ed
properties.
10.  The method of claim 8 wherein the step of perturbing comprises:
changing physical boundaries of a layout pattern;
measuring electrical characteristics of the layout pattern with changed physical
boundaries; and

grouping layout patterns having similar electrical characteristics.

ft. The method of claim 8 wherein the step of identifying comprises measuring

electrical characteristics on test structure layout patterns,

12. The method of claim 8 wherein the step of identifying comprises modeling
electrical characteristics of simulated layout patterns using the software tool on the

compuier,

13. A method for fabricating an integrated circuit comprising:

providing a logical design for the integrated circuit;

implementing the logical design in a preliminary circuit layout using an
arrangement of a plurality of standard design elements;

comparing the plurality of standard design elements and the arrangement thereot
to a library of multi-layer layout patterns that have been determined o produce measured
electrical parameters that differ trom modeled parameters using a software tool on a

computer;




18. The method of claim 17 wherein the step of devel opi ng conprises
measuring device paranmeters on a physical sem conductor test
structure. 19.An integrated circuit fabricated through the nethod of
any one of clainms 1-18. METHODS FOR FABRI CATI NG AN ELECTRI CALLY
CORRECT | NTEGRATED CI RCU T ABSTRACT A nethod for fabricating an
integrated circuit is disclosed that includes, in accordance with an

enbodi ment, provinthikig Aehh A 16 alfirfeth8diedigt HEmSR W RRHUGLA hdeyl (kR
and conparing an elenment in the logical design to a |ibrar

: al : y of
el ement pat tBHHES a TH4yBr laygut pruen ehbrdibpay fogeduccithe djEpicoecieny modeled
i dentifying lLayput.patterns having electrical properties that deviate
from nodel ed properties; the library also includes a quantitative
measur e of devi atpgringtienhthng nwdebeidie pluogpey bf esidatdilesies plensatstand tiee
conparing and w uantitarive

] with Si ation.of the.« t / asure, a
detor i nat | e aBIPERTAR G S o ehiEn Sl S Yy 68 BB Prpmante
| ogi cal desitghieofA mask set is generated that inplenments the |ogica
design using either the elenent or a nodified elenment if the el ement
i s not accept abl €esHEpeiHBIHagstgihG arwapney o thedlyalyy osidaghdesign
logi cal design,dnfk 400 PMh:AcSQMLCONGYEt or substrate. Fig. 3

employing the mask set to implement the logical design in and on a

semiconductor substrate,

14, The method of claim 13 wherein the step of making a change comprises changing

the spacing between an impurity doped region and an isolation region.

I5.  The method of claim 13 wherein the step of making a change comprises making a

change to more than one layer of the first standard design element.

16.  The method of claim 13 further comprising the step of applying pattern matching
to the preliminary circuit layout using the software tool on the computer to determine

printability problems.
17.  The method of claim 13 further comprising the step of developing the library of
multi-layer layout patterns using the soltware tool on the computer by identifying layout

patterns having elecirical properties that deviate from modeled properties.

18.  The method of claim 17 wherein the step of developing comprises measuring

device parameters on a physical semiconductor test structure,

19, An integrated circuit fabricated through the method of any one of claims 1-18.




METHODS FOR FABRICATING AN ELECTRICALLY CORRECT INTEGRATED
CIRCUIT

ABSTRACT

A method for fabricating an integrated circuit is disclosed that includes, in accordance with
an embodiment, providing a logical design for the semiconductor device and comparing an
clement in the logical design to a library of element patterns. The library of element
patterns is derived by identifying layout patterns having electrical properties that deviate
from modeled properties; the library also includes a quantitative measure of deviation from
the modeled properties. In response to the comparing and with consideration of the
quantitative measure, a determination is made as to whether the elemeit is acceptable in the
logical design. A mask set is generated that implements the logical design using either the
element or a modified element if the element is not acceptable, and the mask set is

employed to implement the logical design in and on a semiconductor substrate.

Fig. 3
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