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WO 2005/ 022269 PCT/ US2004/ 028194 PATTERN RECOGNI TI ON
AND METROLOGY STRUCTURE FOR AN X-I NI Tl ATI VE LAYOUT
DESI GN TECHNI CAL FIELD 5 The present invention
wWenekethw rel ates to sem conductor processi Ngur@Bbhok o4
parti cul ar PATrERNREIGAGTIONS NG MEBROLGRE bRy dRRECT | ON

by utilizing di agme\x@&rLdayreaspulipres:n n addi tion

to traditional perpendicular |[|ines of inspection, to
nanufacture i mproved 1&efiviIdHeLer desi gns. BACKGROUND
10 Ig.t els%n1conductor I ndustry, there is a

cont 1 HUFHRY "TPERETeEhar gt ijﬁ@?“dﬂ:é\/ PrEEssHe e ip pagigular pgmproving
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lnﬁﬁcﬁtnls;ﬁéii@ﬁ td R wRf; &ﬂg\k@se&QMcgr &Q!Qt!sl ng down devi ce

di mensions (e.g., at submcron |evels) on

sem conduct or mafers. In order to acconplish such high
devi ce packing densitpackemiouagr and snaller feature

Si z GS:h@dLﬁ:c&ﬁﬂ:’tUr fn@d@ltrﬂ Rerk B4 &Qﬂr@ﬁaggeng bl hi El%r (%lf gsﬂzmsmcs To achieve
recta ortions

theseaIf %1 dcns:‘iws thcrc ailbeﬁhaa%\ﬁntggcs n%é gf forl 'rvgd %Qﬁg flaye Fﬂ&%dlwnﬁ?’ﬁ (e.g., at
S”?{H‘H"@ﬁ@@lﬂn g?me?ﬁndllqﬂftr eriere nim exddr icrigeolnplisiegich teghaeiica gaciadicrkiy, smaller
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and _ed u ures as wel

e e iy B o S““Sf“a“d‘tcpﬁ'%o“” Bl e o e g gfpene
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ge@ﬁe@ﬁﬂ&&&%atuﬁf erokQg 'dvanQidv:ce-gh%nthma% br@ﬁs@ ot MrlpagSn%&&scs
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are rﬁ ﬁn‘i"cld r 'Fh% ﬁ%ammm of zrmabgween caaures éB}bS bclﬁeéreq]ta asrff)‘imél cﬁ&e&wa@@s)
e %?np Fef’ra‘f“é'ﬁg Behicewdtatds lfﬂcrgh@mctdm bighedémisd deds@igs through scaled

do@dﬂcﬁtegihncsml zaaimcx@t@amaacdﬁyde@ﬁwdl mensions and increased
facturin

pac Ay LCLaTs or ¢ 2
senrkoné%ggghiﬁl[hFégmmM?mp al'l f‘ﬂﬁ&%ﬂ%ﬁg S TR olrg® e 8-
exp§ilrégplgkxc%deqelopmgé%%qvlyx@ hur@rg«p@ oﬁ@pnc@éwght@qiqqgl)'cuu durbe fagmed on a
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each die
Gerrcgqll '\6{}1& F\ftr%{g?@dmg) process dplves ereqtip @me@kﬁuag@ :ilepl, qursgpy @dgntegg substrate that

ultiggegiofiis e k@@Rteimgicl archiormm dasihy @eeeler® nlgial adui bee‘eglons in

and'omh@&ﬁ@&%gct&kvcrll@rlébrhce Ceneral |y, the manufacturing
progess i nvolves creating several patterned |ayers on

an d t]eﬁ(f(’{ﬁra‘é wgﬁBlgThra&tlr@gctcHraltc posgjionpd pi %&lungcyoffaoxpfqgs quppgificd utilizing a
mingymptsst@ion nieege. athe dglﬁlrat‘i(ﬁlmldranchhﬂaaSed |trﬂ§f@i'pldrn @opm@ﬁaﬁt&:1ty that
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]aemnm %ﬁp tctor] waf ér surface
YRR Ry e SAAY SEOp SKl Bt etk meking %@P'gcu'r Paac@umdlf&remi ween

timgs gf eq[wagsﬁthﬂft fa@ chugetniablkd eZgamgpn ar coMaflioMbAtimEgbs by @t rb@ﬂauon capahility of
the dli@hnRh@fce. The registration tolerance is based in

Iarg art ugon the uncertainty that exists in

over EEVPEAITELOREY AEYRY Ay ll’r%‘\f’é infosasien ahoyt the seximpgekprigt
will sy pefeweerTthaepogisiralof d lviehong [[aucplewnh epdsitiyh Y BYel @y ikapwiBbh: is desired to be
exadtlﬁébﬁ&ﬁlpmon e 1y BrelpRieE VAR: Rlent a&G%Qre oo MHGH l(%ﬁrog (n%te rc.lrllaf:,nmcn[

5 ng equi pment , tenperature ences
kST S T B Pk ecS‘*é‘UPeé' “t"Hh“tW“EéWS pest digneyie féﬁs@bah‘gq“ém@rb‘e the
a“g’@@Nlﬁ‘F‘H@tqle@n“[a’n betvdemibe @b leaitrds doRrntide@ by B haSduradiksioPe stepper’s
alighRR@Rkehl ty of the alignnment tool. Alignment accuracy

anqng%%&h% accuracy both provide information about

t he fraxt mim ef 8t FIEde Lh%‘FP‘I ' Rt bepyet s Eticls igge and the patcn
on thy ysfertal ynpaft orethd vees Inotguaewhpratit @gmmanthia aP @sdet Bigificaf o@rlay erors

| evel two image (which is desired to be 35 exactly

superi nposed on the | evel one pattern). Alignnment

accuracy specifies the | ocation of the al i gnnent

marks. Once it has been determ ned that the wafer has

been aligned with a reticle as well as possible, the

al ignnent error in the position between the two | evels

is determ ned by the inaccuracies of the stepper's

al i gnment system
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In contrast, overlay accuracy refers to the error in
position between the reticle image and the pattern 40
on the wafer at any point on the wafer, not just where

v &oabhiepnment marks are nmade. Signifi cant OVﬁ:rﬁl?%aomzsm

errors WO 2005/ 022269 PCT/ US2004/ 028194 can exi st
eanefist kfen Ahlig@AEI perth dijp X ebreE that daxid OuRle bﬂﬁeﬁalr&ﬂ?@ﬁt sﬁ@:ﬂ such as lens
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[=F: (o1 0 t e d tole
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ff&°dyi el d and performance of t he fabricated chips. If
the Hlighoinadt opatctnayyeres 4 @JvaoﬁM@&ﬁﬂﬁmetvhlﬁ the @dsiQEROE Spetih @ gnment
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he reticle pattern previ ous t'e atur s on
tREchRTaY PRI ves novi ng the wafer stage until the
reti cheriglirgnnefitd ek kisnadOs @i e el df the blBay@dricOMIRPlfer level
Halgkﬁl\l 0 th& aﬁter\’@fhgﬁmge%@iceovgﬂkl é‘.rggén L@ecrgs%[rpl 1Ev§1r}\€+q Cl}ll%nnlnegt and overlay
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‘6‘(3??’@8?“["3?“%"[ ‘@‘i"i‘é‘ﬁ"gf B¢ PRESS IR idhep k ardivsergrogents. Thus, if a histogram is
taalb piiigatagiclovediy etrdre i @inis Ganbst iné Watdr i@ resail Vidvachglly eGhuayan

& Qtlibﬁﬁoﬂﬁpcﬁlrlay @o?sr hﬁynm%cr %te& R LhQQ iaﬂ)@gla%r Jll@lﬁnem(ﬂ&?{ thﬁabsolute

d nce fromthe center of overla
AT G o P 1o Rt i B BB TR O e s,
ofxisthgaower Daylat, apgete ckptestel &: De&imst: (IXIR 35 )).eme ly-adibtdberlay and
ALAngmrsz dr@&siu&m, AN }fﬁ grrors in sem conductor
0

techn are exp Fessed In terns of their x and y

co npéfﬁémpgus torgpse “"F“f""%la)fﬁ"g‘t‘b‘@?‘ drtmalier qygtfey cgpr cpthis ashicspdi age can
OV ehikayler@ies O datzniEniuitpaicnt FoaQinQ&Sa shiller Madl @itch cdnlBused, which in
[Ezﬁ?&:l:cg 15\941 :In'nlporl?aﬁt dEtQHQML M EC%Q §i§é' 6[1 szzeqlx thlrig abnlfldgaor %Q&or uf the overall cost

gverlay errors. The er quote

GYBITE LGP it éj?fﬁé’ﬁf‘zeé‘i“%% O Y 6" SBELI Yt e it e deie
rtilbsaio n ankeaaffidmt gibwiscetidrtie evetliyre s, thdh@ higi ;&nﬂ&r,,domwmaieg 143 fail,
(Q'tar!aty @r@or@a@tﬁ%h Qhﬁts{cﬂﬁr t@QxQMEr aﬁx@@afmgﬁ)mg t@%e Jn:?y ‘be {uj&&s cd

g{; ver ag/{ error, Qverla expressea as:
i trggzi? oman(jlo lle S—‘W@ﬁ j‘h:s AR lfyt tgc)é?lesmnﬁvél}e{egyn tgc‘rﬂﬂsa%uleb must take
igd cgrmeintenelopeart serfamencel @sdintichegbes Biapgeidtiivecsanme f or m

Th € |Tm§1§1i$§)c$spov£r%§l Hﬁget nga(ﬁi ailqyu?c(:é oayrro?fo[u{a in rheglltlj;o@r%hy 'p\foccgs
Il er overl gx error can be achi eved, one can use

AP e i THELPBRTE Bl U oo
apdapgapeaent grrassyrihd ek oitietoadriapndagivmaranollxge yaeidy, thavmgGlodd ofierror

amﬂlﬁoﬁ@zﬁﬁ& tl'le%o@c@s anQErtf@tﬂé refE1of b sﬂ:@@ias bl@nﬁg%ﬂr%mgl Sevelops.
actaor 1n

S
over AT Bt A PR alch SRR i et ongt (e fet s
nppipethé prdPreated lihoswphrignparrgedsanTdd thdederone @@l from each lot to

s@fiafy asJe{s lﬂe h@rlgﬁ)ﬁﬂfcgrﬂanges)f YNGR, h&@com{mc{ﬁlﬁee v%.% fob &b &Rhs is o

asesl:]stlmt BE n rh } P %v ﬁ,ﬁr QL | g h

P8t 5@% G R Wr‘sg'r’frems e §DHEPRF Ystoms when
tfwaﬂlmiﬁlﬂbmﬂ@ihé agd taqy pe tatet wein otilnan optia ctepperfpef@mapee b evaluating
oRHRGRS SerbdiBsiBY be processed interchangeably on any
of the steppers. This neans that the tol erance
i nherent in the design rules nust take into account
t he envel ope of performance for all the steppers in a
gi ven fabrication. The total %process overlay budget
i ncludes all sources of error found in the |ithography
process, 30 including stepper stage and | ens
vari ations, resist applications and devel op
vari ations, wafer non-uniformties, and nmeasurenent
errors. The task of the overlay neasurenent tool is to
quantify the magnitude of error arising fromeach of
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35 statistically assess the overlay performance of the
| ot. The second function of overlay neasurenents is to
assist in the setup of the |ithography process.

vy edokayszdieasur ement s hel p optimze the steppgrr SueliRiHos
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a&sqnﬁﬁn&mstfwgf Pﬁ“t“ﬁébe;ﬁ'éff‘i‘”é‘f‘ Ahoihthe $hee ridpgondie is vem eooﬁmdhw between
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it herordr P e @ﬁ%ﬁiﬂ“@’%mt‘f‘fé‘fd (8 CHBRMIET SR S -t i,
ted errgryéehcit rzatuir@eit B Eveagdd ot @ nifasurPOSis tsb OOG plBymeal dr@d tAGkrror of
ubz@t 5@&9{‘3[@@&?@%69& ug%l%% N. I IS bédsbn ﬁﬁ@ a%secgmgungtcorhc@@ony@{hg {nlraﬁeld and

and reti cl eﬁatterns are soa
SRR SPRTE LTS (]é '&F]@ of @e SYRPR & m‘fdﬁgé’é‘h(’t%ﬁ"s'ﬁ? [Pogh%?ftegh gl @re corrected
voib mrateadthe dolputed@ft®r Thes cédakdondstaesppeids bets@blador thoff or 2 tnka@res needed

SXPASHE §aede €1 ds, relying on the precision of the stage
each exposure field into correct 15

novegggts to grln?

2l 1 QUFFBIE SPHOicS o i BRYSei PHUE Bl oessirt OB hmoloe
npde atdeyosd. derrdridnhogaitadal driycal dmepgmy CYoadolegy tho@ique such as critical-
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ment strat is_cal
g AL AP E- G ARt E R e o Broaet B et
llanaiww padtieteirgthads pfovie dnly a lof-dewni vigmveiatturerandesovain tkild dvemdatatabout

ca‘a%mtl@aneeJld@aaiono%q;ﬂaaﬁﬁ.%cuﬁrht to the data. That is,
avera

the er ou
meas S‘\r él?re ﬂt{ircmcme arc tslg"g]er ﬁ’%“[ smgF ‘;:1 évgaﬁg m,edeéir[sr %Fstelmgami rﬁeglogcp%bwlltzcd to
faghita @aipre oopayn menemidindictdedirb jp ardaeto Sireasy @mp@ertt deofity, Nmore

al3ASe detﬂﬁoi&é}@n&?ﬁtﬁf c8n &Qﬂ}méﬂa@t@ plade Q&ﬁp%ﬁbtnls QE‘PS; acthant,lPt% decrease errors
ers I nte

a%s%'x:a{egwm{maccumte me’:suramglftgaqgm n{u[ﬁ ant sp381£13§ gg obngga?( {nftlgh%y gIP SEM and
d@%ﬁméﬁ Fesigmmeympsct ed wWith reference to the

conmput ed data). These corrections are assuned to be
stable for the I or 0 expose the

waf er. Leadi ng sem é)ﬁwglﬁk‘é? & \?’?‘g@jﬁ% ufacturers

cont Flitdiovias mensrkinPllied enmenar plAkesnvewion DOrdpma movide a basic
urtd&@lhfdﬁllg &@(}inc q%}'ér:tsﬂﬂdr@ m&ﬂd’mbﬂyﬁﬂﬂmaxﬂ- iR 8ot fo &Q‘lsﬁfm)dcﬁ/rcw of the invention.

It 1s i ﬂlded 10 HCI%’IBI' 1genLIIy 'kesv or cn(gi (t‘apl?el ents (g th(a mv%p fign r{mr do J lﬁ%%/ 1Hcgscope of the

ues i men
electron m cr oscopy (CD-SEN@ and conventional (CCD
i mgi ng) optical metrology |dck the resolution
required to provide accurate data about feature
critical dinensions and profile. A significant
limtation is that these nethods provide only a
t op- down view of features and provide little or no
data about characteristics of the side or bottom of
the structure. 30 As CD requirenents are snaller and
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accurate nmet hodol ogy and system can he enployed to
pl ace conponents nore accurately to decrease errors
associ ated with inaccurate neasurenent nade in

wolbdok/Blageoaxes enpl oyi ng overlay netrol ogy, %ﬁﬁ%(ﬁﬂ%m

defect/filmthickness alignnent marks. 35 SUMVARY
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%Hmﬁé{d:lgfde&hﬁmh HM%%LLLQ@G[ &, or der to pr ovide a basic
under st andi ng of some aspects of the invention. This
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T e e N L e
s nral | Mreove piTponé it iserahdeap onrcespordnpligyeODsore pre@ak!g fimine the

lbcﬁtufn@b.ﬂ@ﬁ@ﬁd nfdfks bl&ze\i'w&@la mL meﬁJ[eaQ the m'Efr@r am[hgg%%w process, The
or e
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A@ormBRAGIERS or aighime @ xaRP| e, | n order t o measure t he
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nmeasur e - axes I'ns
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traditional X a rein the

hori zont al X—axpguyzﬁﬁr Igg%ﬁgﬂ§?§§%%9w$%%§|s 20 The

di agonal (45 degree) axes of neasurenent can be

enpl &yadiataearaitoba iligoenofarkepaaus LIl lindsanad it 0NG&gie® from each

oggnggﬁgnM%;h a w de array of neasurenent netrol ogy

tech nologles For exanpl e, the diagonal (45 degree)

axes FEAHTE PoF 38Ry meraddy alizamsnpRertion hieaiqondyriar palsy utilized to

aliga gpetls toge @PerSEM t ar get or for measuring def ect

and/ pi{(,'. 3f|lllu|slfﬁle§ ?ée&}@ﬂ@ﬁm% in- @Jde %Ql%glgys r@ora&e% [ ;Xgémc%'@&%lé@ {ogethcr

aspec the present invention enploys onal

degree) I|nes in association wwth 25 tradltlona

hori zontal and perpendicular lines to facilitate the

i nspection of overlay accuracy utilizing overlay

netrol ogy targets. Still yet another aspect of the

present invention relates enploying a nmultitude of

di agonal (45 degree)
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lines to provide a path to follow for a CD-SEM The
CD-SEM can follow the additional lines to provide a
nore accurate and/ or precise neasurenent as it rel ates
wo 088230/ or a plurality of sem conductor f a.
It 30 is to be appreciated that diagonal (45 éﬁé’s:zgcgsozmn
| i nesFig diluip@csusigait dasigre@pheing X-Widhikvet pandiitelu@@diiagonal (45 degree)
grthogonal X and Y- axes of neasurenent. BRI EF

DESCRI. PTI ON OF THE DRAWNGS 35 Fig. | illustrates

t r adit§ ONAIEIPT G AHBAY IR IEo) ct"W"g‘W@” HRPPYINg WitaY horipoRiglgind
mhrenisulatwirhd degrees from each of the original marks.

Fi g. 2 bl @L(ﬁﬁmwngga@n& 3%%4"9& o o@mré omﬂ al

al i gnent nar k sem conduct or wafer T zed to
alig rf: ga”/‘ plésfr?tcts P 81&&06211 {4ﬁ ge%)fvérlmg anehi @cturgerqpfoyl%tﬁer)é-tnéguva to connect two
segreritted frame-in-frame that enpl oys two axes of

| NSpegt & AGQY QAn‘%%anQ)g %m@;rgmf uti nyéQraa%aQ Q%g%ﬁlgmmaa dwg& methods.

PCT/E; I g ustrates a circ
enpl %‘g”*’%‘“ﬁ‘ ACPiSEYRseeoen Py daefrpioyy diazopt (g deggrerizgpectioatn order
tglergw@égrapwer ingpeptiofif gsurtaeel | | ustrates prior art show ng

a tragl foiRaals szhartkﬁa&Ungy gﬁééd%ncqmlaf?wcng ol i Yiiagonal (45 degree)
lhor| zont.al and perpendicular wring. 5 Fi g. 6
1"P°l8PF4t%s a traditional wiring archi tect ure to

conné&et 1 Itiwgragy anfimweeiop Gktdwdslogyfd tg.utilfed Jilhu SDrSEMait @ovides for

lgb@gﬁagggd(ag&alq{g@(,ﬁ@)mwnr| ng architecture enpl oyi ng t he
X-init g to connect two or nore points. Fig

1 Ut “§°95"S‘38%Wbfi’#‘ﬁ"“&%““b‘i‘a“\?\ﬁ ¥ “PERGrRE e T wffcwgm with the
prepeadiveptomal versus X-initiative design nethods. Fig.

9 il |F1g8tt3mﬁ§:ﬁ§s ﬁva@&léﬁ%ﬂ s&b‘é@ﬁ?[% eg,mwp§5§%%e%gtengrto:tlml oys
n 1 n order

Slr 28? 41!’ btrales 4 “%l 0404 R ozigé\;v G aligpmagt ig U,Hd%%céother:?xgmplaijonrocuses.
illustrates a met hodol ogy utilized to neasure an

overl ay target utili g ickrpgen®ipfiidR degree) |ines
R CHL R
aydgh4 arg wéedéwbae% thg Plispgentiefa goviraiduttprsagondf « irspeoturon itk X-
iftia@ve. Lidesil 8 add M@ @E &Sleerdﬁlﬂbhjurﬁncﬁmﬁﬂﬁ;din&al Jh]gddﬁ:ttlhﬁr‘kh@mn &fh two

oﬁho}ﬁ@fﬂ%ﬁes %zb%’&?rl cet?(l}é%tw%m @U I? %%r api?egiaetedmﬁelm é& 104, 112 and 114

ésent 1 nvent | es a
cambp @'Hﬁﬁééﬁﬂly Sk i fppgiin Wiy aég(]@crqmnaq{%ywqu@qdaqimehrg all four locations shown.
envi moRsemtular Erbtgdimdnd the koUiSdikoadi Bfes ar2Amt INOEIGL BTYgree angles o the

| QY% al A WI |ontooth i

o O b DR o B MO Bl [ B B R ey o
Soprn{iLl 5 96 ceaf & e oisMaer e M lighppid Beappieigd Hed *bmlddmn of the
taati@p@alisCieglicAganal be ped Beg ke@bhe kicRasd/ol thi R'dfcra[id; tolek4n@¥i@od that

th@aaqga‘ﬂm & th@ﬂ!@iﬁghgﬁnatklg @0{,@10& &UJH? Qet suboqr'i;ntm%!y tﬁe sg&t gulfl %Egpl?l two alignment

enpl oyi n desi gn concurrent
ik ddugeq S'&ﬁﬂfefﬂ%o Bpveen e eguire fP‘rP“’&‘df‘r}”UWd’t“‘P@*ﬁ“ ey ﬁet gay be
intar@chiet! ingnizl locatioh gatiivbal oragle, @h-awar Mést Furthhhe n@FKE hegam ks

188 m 16 It 1t |t a C ¢ 0 ar CUTVC Ineg) or
palr[ AGSmifda: ﬁ@;@h&% fa c?a%‘iilzﬁe!@ %l"@rf %b ]ag)};p irtit é%g QE )

Egr eci at ed I nes
SO 8 PO pgISPIRye RiUIRER STl GRSl dt h and 1 ocat i on

rel aty wee Oﬁe@nﬁa&hlrﬁilhﬂbwmg’hn% hlt[éfll@dﬂ&SléﬂQEf%lbi@ﬁaSpc&waﬁlse of diagonal
ro!umg Elh.vu%s iR qutc i€ lﬁ%@ﬁplc@m‘g Qigéowghtmé nhctgdt&o\%)o u@ggonSl o%h gonal routing,

lines 112 ree angl es
wirelength and power consumpuon can be reduced which corresponds to a rcducuon in wafer die size and an

improvement of signal integrity. Thus, employing diagonal lines in aligning a reticle and wafer allows for

proper alignment with an X-initiative circuit design.
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original two |lines enployed for an alignment mark. The
two additional |ines are added as shown with
substantially the same center as the original

v b@npBRy marks. |t shoul d he appreciated that, b .028104
addition of the two diagonal (45 degree) lines can %)

pl acgdmignbeitly h €8sk it frr frehdvwa liRsvamdy aditidaRencaf e placihd alifBnent

Jtagcs Gl?‘} Sk gfl[ilﬁ&)p g’acE hﬁxg tr%gwﬁdﬂﬁeth%g lrl].tli ergla 'p[E‘r§|b§’ {l al:iﬁumenf lnarks eﬁ,h

tiona s does no
@ﬁ%ﬁdégtWP Hees whichgpeisspt apdes Oéﬂ’qg‘@m‘r?‘é"ﬁf“ ohgiar ks. 1f a user
desi Fes? jgovidedih ilu@ratid@ oh@seriamheraf fng'ertcmmaqut oedtid, @Fived on a surface

E‘?r\l«%ﬁ%% uggecpty Fagﬁ}agt%tf al{%mm%F I r§, ?‘e ggﬁ é{lc W.Ser L prog%r}y prol]ject 4 pattern

I ncor porat e I on a
%8 Hie Fl‘]rfﬁ('é a?lhq »raﬁésfrddpﬁpdﬂih éiﬂ,nm%nwéar%?vk gcegﬁ@mnq[qug h\iogrth()gonal lines

b thiesett @rtre@nbbdiech@nt: pakido dngd thd rbti¥ie kalh viaGr, ﬁhﬁﬁee!ﬂﬁ@ﬁlﬁteould be
ARGleP0aY 2 680: BE AR ol Near (e g. curved Tine) or

anted at any e relative to the original
al i gh ﬁe*rffwsraf%%e"g*gﬁwaf@ﬁ1By'h«nwwe>fcgfé% mgs argdefiged py 12 and
k) ) |T|W0Wdi'lllgndaam,n)é-nﬂccmrdn1eﬁi2i2 v 3rhesiig ﬁloth&nggeﬂ?ﬂddﬂlymahrbu 320. The
5&@1@(@5&]&%9325 %%on%foseg bl%@&é\'nm FnQMJ ddﬁ!gongfdué/(% Jn§§n g\ﬂ F?ttculdr

circ ‘?/ 2% onal routi ng
e{nPOgH uin u&ﬁ‘fﬁ iloa?l{zfl?é@re) (,gri,cé Py borsgm%h?{,é C‘é]ﬁlg& the sagﬁlﬁmﬁﬂ)fw@fe target
3tonsunption can be reduced which corresponds to a

r edu‘l:ﬁel tﬁﬁhtb‘@rla%tﬁr prcg/'nd@ f&'a%@ etavnlq IJ%Qmanmr/e%r oft 1pl§or19omal and straight
Integrity n@om |aona Ines In

vg'xﬁ%djﬁ?uWQ ’ghe léztsFrbTeé" dg\ﬁa‘, I tlﬁlsclgae%cd f're”:e d“‘b‘fefﬁﬁ‘é’i" the center-to-center
tddringgralievad. Thbrthareghe o)(ed and hicafrimgehadd arcouintiocdi@s iogaace For WO location in
S[%%éh@ 2«2[21'6 Qhepgg;érm Qgﬁl'éi%%%ge% mdelcwan)'/ i gl!lbbd l@cfele%mtc%e EJc‘gmn of the

ustrates a traditional
"%%‘?1°8H'°$t8\9‘" i 3%?er{§m‘éfl(li‘“§ﬁﬁ§l At Wﬁ?ek@"“ﬁh a sem conduct or
sur f afte the Fydaytmemadgy ho heh panfetriaddilivitg 2l vhdigsal segpénter! hretiy-frame

taﬂg,fet 34, g ROBAte H&ECK @ﬁrﬁﬂﬁ}gzt 30 Qmﬁlbﬁ@ dI‘h@I)ut(,Ir V:\anl 3bf{‘cﬁ$cgmltcg Bame

BT A ¢ S P BTG B0 BY T P ¢ gy e 122 s e
S?@Ie Prepn teegtit angregiith os ik Olr2 3 Blo Slevdviaderbntaiget §Urif meted 455legie@s glative
owy@ngetga@o are uti l'ized to facil i tate the alignnment of

gn[ gltl {s o be u:\l:xlerfgtg%i etha(t) t%ae\:l\Q %ﬁﬂnwtg?m[?: L&Xl{.l EraH elefi():rifdjacerp %Bgrﬁfmr? follow
digiagaig HM%'h'PCNWﬁ?l%@“ Havea e ineded erpl dyigngy tiilige a traditional layout on

la@f B hlﬁ)gﬂﬂ;ﬂin,s kdnfﬁ}Sr&nts wha G o Hd'h@fz&ﬁ@ind E@pcﬁd]&:ﬁt B o aﬁ’(ﬁﬁ} rL@),d,r 4, the
ne teala]tac%ﬁt d:BQr IE] cmrg%yunln g%ﬁhl eaure wﬁﬁrcm ad ﬁ'l{ﬁ WITES i arc%tagona[ ?43 flcg&elesé to the wires

esire o ali
indgye] Sndifeetore. wﬁ%ec%é(awﬂyeafse@wgbe e@plwﬁbto\sctealnrs@mhwwdfsram tanels
fabraitgpeh la{&ﬂ.@ar&l\hﬁﬂ Qi mnﬂamuaﬂgsm&m QanelsoARSs. ar e defined by
313 (gd%%ay di $ 3§a're rc,sen ae cro%gnea'il?{‘le oﬁ?gg? fl?g%g&tf ar et ézblac%%ﬁed 1o
engis PRk prefdlapyet ip aﬁ'éncgfzae isjplgoed Un&ab@@encafe’amcagbmws Pq}%q@sﬂ“fﬂhf non-
adfawdt ta.chchi dikhed MatgetdBT QF bel e cﬁnﬁ]Sycd 5sr§ut£thlit(5fo:pﬁfa31h(ﬁ1hl|0|'?Urlay target 310 when

djg‘gh[}fﬂp(gga‘gé Wrrgsq%ugpqeq]{dg#qq erlmdges are 45 degrees from

mented frame target
310. Fierh vy sicisuit gpigp ﬁogyvhlc'mﬂg’@tls ’b‘i" pifoEedo Pl dgsignaededs of the
Xhittative] Kn@suitelestng @lidtcbmetiyhs ﬁrwcau BitadiBEnGl o7 RS nall wiRdHI 0 as well as
coﬁrﬁ,&@ﬁs%?e vm]vé oy ;ﬁ:(cgd ng!mapqt ¢ 45 lie rees) 0 gwgl lona'l'lwrrc 0 c%nnec?pom?s%zz and

can ow t he segment e ra el erm ne
2%4enter-to-center tolerance all ovved. Therefore, the

out eris @Bdaphidiedd tifal BRGorAIBN@s s fGer tiaﬂiicﬂaﬂo@lfb@dnhl@@out turned 45 degrees

f ro‘inQJm%raﬁlﬁglﬁel t}%rX &h%lvg dl%‘ﬁ(al?a?}toul%galgows for %&? Qong b:t% Waa i n%xthre of

tol erance of eac S
"“B‘igPlral Pedraon! o IBrRRI e IPReTeERaE TEH! déﬁl‘&“t”‘rﬁl@““?@i/@?ha‘Ia‘I'“m“d‘ and
| ocation tol erance of the frames (layers) relative to
one another. After the overlay netrol ogy has been
performed utilizing a traditional segnented
frame-in-frame 20 target 31.0, the second segnented
frame target 320 is enployed. The outer frame 324 of
segnented frame overlay target 320 has the sane area,
l ength and width as outer frame 312. Similarly, inner



10

5

20

25

30

35

overlay target 310. It is to be understood that the
X-initiative circuit design would provide for adjacent

| ayers that follow 25 disparate |ayout nethodol ogies.
w®hoS¥2ARl €, an integrated circuit design n%[%gzj“#%%m

a traditional layout on |ayer 3 which requ

easpPaNenisSs amd “Nuk @Siidz® ibﬁml’&@ﬁll lZ]OiH]toangaﬂ’td/s the most efﬁc:ent use of wire

igngrhpp%aglc&)ﬁjn-?[:ontag)d/oqQl?cmﬁ%?e {/‘ﬁl wmgxl (:Yrcuxldcs{g,nur fo dcterm\tl%a bes.t route ta

cent erel
'&’lkf COP%@*ONF?T@@WO@O'@% Abpriral. the w5 ofdisgnd ¢8)deqres) vlrvemwurce%do not have
tMﬁmhﬂMﬁmm&asTﬁﬂnﬁﬁﬂmamdhﬂﬁm%ﬁﬁQnd over | ay target can
be e tln@ Xz? g.ulfir e c{edgmgg encllercugtlzles:g AEJ& cm\p,YIf)ys ?V(\%X!els c?f Wi, tnﬁ to pﬁwide for

tunnel s I Ca
CRRTF AN S U BFTABY alkpgintg iits %rf A el gnplagpa we*ﬁfi) %lymt iggrogapotivity
B3i3Een e fioRs eWirs 438 isGaRitkd atto.q B[a@f\al E&ra@ﬁtﬁa&ugﬁﬂoraﬁ?nﬁ)z@fl wiring. The

E;rygﬁ’lgl%%( ngﬂ?ég( VSI%Q??G&)?QVHES f+r a Eh% er wnr% lhng{ﬂ%liilarrl \r%ougcn)& em;ﬁoyc %1#12113’; a traditional

ri‘cati o erance re
degent ﬁ'@"?r*éigﬂéf%“dd‘ﬁ’jﬂ&&‘é'?ﬂs a aW%w CRPBTTL tva B e di wited4&laet follows the
paibcdyds of lifad getng BBGhpRain: o dripd ayedhasasubst i tute for a
trad ITLlJmQElﬁ)Iw {9%5%' \ﬂi}/ch h]@&rgtgs a c§%ﬂq5m%preprggn%qt%stanualiyé}é, same circuil as

degree) wres
4&(? ﬁxth tlﬁ: s?nlnqcargnfcltl tYé@UIQmE“FSr 8&\i\/ef/erd:§§.llnégp ity RmicEyit @}qu twgw wire
roGtigy et edetl frarestDticdnohlc@w itlesbigma @ hbooks) wart 1yde For?t5mp'1r1~;(m the
s%m p@l'ﬂl‘é Eoﬂﬁulct\{cﬁm CE%UI’[ Ib'ot‘n]ea\ \Imy c%n qgéllugcn[%uul‘!ibb l!:dh 214989 p w:r‘? P ayout. In

rOVI traditiona og onal wres
Pé‘é‘ﬁ““*& b‘ﬁ‘ﬁ"é%lpﬁiﬁémrfﬁ%"‘ 9%4as fwowelgheﬁ Puigelgndtinggin 410 prupsise
hohggma @l verti@! dira@od folgalink (szdalbna!/\deng&mthﬁdoﬁxgi] NeGinpPBInd sagle wire that
1542(2d|a§5]1ql to }%gv%c alc&méc&mth«gwcgﬁm% BQE(?L@Zb %dqlgll Iuaﬂ%hshg%?nnTcun 801{1ts 422

gona wres are not ti ona orth ona
[ct [{ﬂ“ 4@6] '“4?59”(:] é%)r é‘ aido bﬂfupféfﬁﬁeﬁblpa[lrgf rem%rfgrfé?nmufnﬁél circuit 500 ut:lm, a

trigondl tayat b yrevidh caigromiaity beveast pavgs. al | ows for points to be

Conn@&ﬁ@gqmv/'t(ﬂ“ lg% d'Eln&q Whih :Mslraﬁgwfp ltﬁﬁgﬁ%klleﬁﬂgbg%c%gﬁéhﬁ and
nmenting a circuit desi

RSB Sl T PSS S 0 i 5Gbiptes 350 e acrion
F@@ﬁ/ﬁﬁl&'@@&/ung keQuth and ihtréforg opiallociinolingd V® repaekdne 02 Uit fukngth.

rout LI}QU:E 600|t1[hs1|%§':§ th&:bllné[wo pJ)lllll% tha [l\gl&tai Al a ldt RUP oluld ona!) circuit
ef ower consunp

arUI'EtSture In er toc nn ct ont ith % t ? 1th d d fi

an % (e U 6;?!’31“ w ﬁ*@e Boreesf e &@%’lggWé"r‘” gt o
P@@NQ’ mrh'éthan W@G’S’tm FoutigD. e lenpth kievie afmeokit o t feagih of wire ED is
0, pﬁdltﬁlt'l’ht:r@fo@(lh&&al wTE‘%ﬁgﬂ]ft@JoﬁnccttrJhﬂ AUS ﬁouﬁ)b i ﬁgﬁ)snﬂimnéﬂ'ﬁadmonai

(qgﬁ$a§%mﬂﬁ&ﬁ§ inacircuit do not have the sane
9 t ons as a traditional circuit design may have.

5 | nintorirast. pramevice gl &rrciapdyodiOPrereitts A tridd @i peorintcted @ig i gimgonal wire,
wiﬁQQ;re@tHsm SR Sr datehat 6 & cSan,f po\MlsrAl arﬂ@Dt BrsPh Qv idlinfeato (,onncct point A

an%\ h%i(l:l% b }{ umt¥ lon% N%#d)omtalﬂs connecté/dzt%wirit B?mlmn%a (&%gondbwwe pdlL p’I "he icngth

mﬁ@ﬁﬁ@@ﬂmﬁ?ﬁwbe%@ﬂﬁﬁéﬁ two points. VVre 430 is
conpri sed of both diagonal 432 and traditiona
(orthogonal) 434 wiring. The |ayout of exenplary wre
430 provides for a Bher{®s? mh.ne=loe3rgindis t han woul d be
enployed utilizing a traditional design. Simlarly, a
second | evel enploys a wire 440 to connect two points.

Contpemingithe tvoded@hdpepydest f ol | ows the 10 princi pl es of
l'iquid routing by enploying both diagonal and
ort hogonal paths., Tur now. t o _Fi 5, which
illustrates a C|ﬁghrﬁ%ﬂﬁihﬁ%ﬂ+9ébrgégﬁw
substantially the same circuit as 400 with the sane
connectivity requirenents. However, circuit 500
differs fromcircuit 400 in that the wire routing
follows the design restrictibns inherent in a
traditional (orthogonal) wire |ayout. For conparison,
the sanme points connected in circuit 400 are shown
connected in circuit 500 utilizing a traditional wre
| ayout. In 15 particular, connecting point 522 to
poi nt 524 is acconplished by inplenmenting wire 520
which runs in a horizontal and vertical direction
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to point 424 in circuit 400. It is to be understood
that the remai ning connections in circuit 500 utilize
a traditional layout to provide connectivity between

Whm@zzz@ﬂ Tur ni ng now to Fi gs. 6 and 7, Mim/USZ(}iM/()ZSIE)-I

illustrates wire |l engths for connecting between points
ABngnut the AR var dng i Toyil irig aaraditfoad il iXeavdlec @@ pohidgonal )
archi tecture 600,08 aapi AEGhiS S IUIE: 198, The
di mension "X" 1n each ure 1's one unit of' ngt h
and therefor exeabﬁctbboféﬂ%&Fﬂitﬂ@aﬂé“*"m'—’rleﬂr@&ents 0.2
unlts of Iength Layout 600 illustrates connecting two
Bt ts m nd AD ut Iﬂz g t]radlt onal (orthogonal)
CPFEUME e BPUHinI Y ‘i"ét oF /S BY 8l St PEonnect point A to
point Dwth the shorlt4ésmtsvw FemiserigB niss out i ng 1 s

provided first frorng?@mppdgrﬁgnsA q%p,gmcmn E then from
AE is | unit

B e B e T T oo PGS Ther ef or e, t he
total wire length to connect point Ato point Dis 1.4
Shﬂlil:lr@ thblditletedde ﬂ:gmx@k%ét]aghglcgl@@dted dr Qfed ROABRRbOD and 700. Architecture 600

S‘rr&\g €5 ore c%grtectm%pomts d\%% 5é@loﬁ%lllggﬁ??é%tug%m{l’tféatg%r %%%nﬁé't(:grrldeCB are
oo bO umt hingthpreiden : <) vait iugrie @nncpavis & B GO0, architeoture 700
SONRELAngR VrddnHloPed@NEbndeet phihiE Rhndpd WiTe is utilized to
connect point A 30 and F which is 0.6 units |ong.

Next, point F is connected to point D utilizing a
E9mEpEsEne P (R iR lopets B uTffring b eadigionl ang K-atchictelf prgohal  pat h

can be cal cul alrefi- Ap FREQA2E0-40= Dodfs units 35
Conmbi ning the two | engths provides: AD=A

FD=0. 6+0. 57=1, ;mrdumcm AR, @20050022/26914ms

s US2 04/ 028194 np g g the two wire | engths AD
NakkEAh egrc%‘fmtof’g'd‘f'rﬂeii’ﬁ'h FORETY PERPect ur e provi des:
Traditional - AD = AE+ ED= 1.0+40.4=1.4 units

X-architecture - AD —ZME,{;[SEDMMQ,@G%HQ 57 =1.17 units
5Determn|ngther duct i ength for this
particul ar exanpl e: 6”ﬁ'ﬁ‘ag’uf"{s“‘i%qirei”f“‘ﬁ'm ts = 0.23

‘0 le Ignsth@UIRBE tnchigttdre hgead nf g ugdidong atfdstwreduct i on i n
wire length utilizi ng X-archi tecture instead of a

tradi Iithl!lson%ow tpe two TC) ove ar(, ucct es%(jmn{; % \¥1fc Eengt%éaq b:c%fsfg)g(tnﬁ under the

inwre en '&ted™f or Wre
BovHAL Pme@ wmcetm*ftbefcw rp@ms@ewcp'r G repesigruh epfucterieicetignpidy to
do@icdl tve pAs AimictndGB Xt Bchft@Gielid 0 @Jr@nlamaa@ﬁdteragy mme@h@cxén.ﬂuﬂ @hhis

r@duct1§9 %E@c@sr (’g}‘ nsgmc% VB%B cn ? srmr%le dnhgc){)zﬁ wiré {Q colillgelctt 1\60 poml $ can%ep]acrd(w%

connect
W‘FPQE‘BhW‘Fh@Fq“alé‘?“éﬁl tect ure 700 provides a single wire
enpl ayedy i CHABSGLh POMkeSoubaie: Ba roll5zg copuaRas 1 R@: ik REsth from

p‘ﬁM‘R) El fatr?iglﬁ’o h%rcﬁ‘%ctyghllﬂl(r%qln}mg d??gdé c| i&%@'{ect@rg%Oégtagon

X-arc |tecture rovi
ABLDERDpndpn .arclztc@urﬁﬁhlfhgs conplyelpfexipis 830 fpiwle OAARs the sigeof the gopnponents
decraaseIn s@middtidc®r cild@t i€ m e RGisthridindr@EIT ioPditidh he Wo£ifity of each

Lhm%ho I;n %o'ihgj %OQ@E.I Jlsg-}é lcé%(po )stggg(legréasezs,Qheerugn%%ésitsz’mcé do]éé nﬂn
uni t . units = a (]
df%edﬁéfcprgﬁgly and 51gnal delay caused by mterconncct increases with each generation chips containing

smaller and smaller components. Thercfore, the performance of a chip depends increasingly on its wiring. X-
Architecture can be impiemented to help mitigae the timing convergence problem associated with increasingly
smaller component sizes. This is because the chip area covered by any particular routing network is larger

with X Architecture than in the case of traditional routing. Thus, the larger the routable area, the better the

timing driven layout function.
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Thus, as shown above the X architecture provides a
greater area of coverage utilizing the sane routing
length as a traditional architecture. It is to be
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In this particul ar enbodi nent, a single axis of
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in@htfoe tds@ on vt @ichiony hadint he waf er hol der 1260 and npvenent

Of tﬁf§l3§ﬁt@tg1?es %\%z&p(ayy' s?steﬁi l@éOWha-Llh £ Man nsﬂ%%f? £y§tcr£ ghgtwafer alignment

f? or wafer al |g%mn gosulonl nﬁ\%ﬂ‘f
SRS Bieel S LT THOP L. S Bl « s e aerty g9

empiopd reapmyigelo veidny alipnmenolnotainenio pethatere ttih@ysiearus shesd can contain a plusality

org@cqpsqﬁbe%mw@mo L.faﬁd(ﬁqxﬁ,ty%mul%%glnmn@am% to carry
out the, vari functions descr.i bed herein. The

man n*e%ef R %ﬁ o e ulpeg SgeePlufesty 5T Wiebpicn sq gy vilytigapgont marks
plabag o€ arerigfe apditr a4@fet ee BUNet beonspliel wdrinvgfad (GUHhe a preseriine
mtérgyeeﬁg aﬁmm hd Glhﬁantcﬁrﬁ;gigé %ﬁo@ﬂ&@in@/@rtf %Qc %E&@@ﬁ DA Bhprising
di i
diafSEe OIS t‘iﬁfﬁ’ﬁgi §RP-IBTIREPUS I FPHE PR CE MM OIPBIF B &
presraingiragionsAamfahor iych@@difitiaskr fotitaregheppeanatidny Blr yxampe e edscttng

regtohsecapﬁigtﬁgﬁtgﬁi al:ldlog %r%on‘tz@sc@h%}’s tb ﬁ!&llth’tg ﬁa‘dlgbtﬁn Ihnﬁgh the foregomg and
roller 210 and servstos ore$ ?aramc

toogJ)ezr bgllﬁnséta d%eyrmtlc',]@ctﬂ?r d&ssion 81“ 22 blf O"Fhe s ip ﬁegcarblﬂtf:mct with the
operating functions of the System 1200 as descri bed
herein. The menory 1214 includes, for exanple, read
only nmenory (ROM and 5 randon1access menory (RAM .
The RAMis the main nenory into which the operating
system and application prograns are | oaded, The
menory 1214 al so serves as a storage nmedi um for
tenporarily storing information such as reticle
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alignment mark information, printed alignnment mark
information, virtual alignnment mark information,
prograns for determ ning virtual alignnment mark
woeakhong and other data which may he enpl oygeriiddoosnzsios
carrying 10 out the present invention. For nmass data
peortiagesions ecloreamd pryvide 2Tdmmay vialas @s davcdsygi asa nlvased raiegill, a

AT VLY k()%mgd apcﬁanoﬁogaQyta@ommmﬁpﬁe ve) A power source
1280 provi ower ystem 1200,

eratin Any
suita i’”ére’ﬁ&%‘f“‘%é%‘ib@@ “?%"%ﬁ“’“ can H‘é{’("ty é'N"f ‘ﬂe‘fhﬁlég “66%@1?“}"%??& o
be). expl adyiénl poodd urrleenveng cdithenpr. egen bokenmén bitomn. chdchbapgend push

ﬁﬂ@tﬁ | fibCin HR 861 cak R@tha?%ﬁ&@ Wik QResf Y tuté%ust ntﬁlrc“lgﬁﬁll thc kcypad the
er ali !gnmant M Cr 0Sco nd

Rl %@d’a‘i H S, Y RN TP F 8B TR M B b
D@HQFm siFhe apish blotSlCl@pBJQJytlIZﬂl@eqhtav@temnhe@f @paeisn in preler ad ihigde
éoneﬁrelﬂ@e Pl infrnAXdnS HQ)&W& h&s B Bcodp Jle@ haSSTvEIR 2 30s0@ited. For

250 band | aser I|g t spots
O e et B st ot AT FRETHS e apot S
are |4 dptstorfl3 B ey edcend tohllavhiiissdicatidnago ratrved ot anv angartdie known

Rhetk @asaeraa;ng 10\4&;@&@&& n{aﬂm&@r{ge@:}:e%&) s @k dtna@mw@fﬁrmok%ﬁ@m system
ot 0- el enen

TR GIEES CAPE 57 S e AR UPERPREL At 1T Gt P Bifmnes v
i ngly ialgmmmts inppéermiged p Far maeele @fnl senf@ndyetpreiabriguipnfrengiess 2 @inimum
et Qfe@ﬁizil 849 i-"’i!(ﬂﬁﬁb@%&ﬁ&ﬁ&ﬁ@lﬁzﬁe a]l‘%él'Q\eeﬂl; 8 Ghedt m@ LiddiE@ toterance.

;%2: g,lgs aef ?od%no)ggstemrl 9‘1% lszclmr{? )G:? ogocgt?i(;:]ntg p{gﬁlgf 9\»& (1r ] 1 r[{%aﬁ:f)nsto a waler
Higrgsetcrsiend pig, T*&twaieﬁeadvi; Ppien ¢aahc plevijedint ajfwstatyesr fojfagdparts or
e&wu(/@g to BVEl O ePIbdcdRBomaikdIg RFRRLsir& 1GARh FRNER DNk nt
be&e%ar&nl nent, . aar k deviation relative to the center of

Vi bration of the light spot(s). It is to be

appr édretcertior brabeet Mepeiidfaded. & dighmeatatstena I isyolsid © omtideg means o
Byl QB aRirvarcebQlestin gighndepd rehky arﬁ!ﬁl@hu@ﬂlyes toSMd,rIca BhtRihe alignment marks.

")E:Qﬁtl:&berqpcl /gofgtp{e a&c@gqm(esecatg%u dct%rmm%l t%sed% a uscr Qc‘c(’: r§%§eth§%?ncms ¥or

carr resent 1 nven
qxgnpllcnslf @ﬁazéﬂeta(n@rqdaynquow feRyied iR R go@@ém chiyf manpfgeturing), that standard
dagitiel On apPeudechn GletkdiBn si\&ffRNitd] rérgia AR NbfeSYighRE ar e

vel | AKU&‘PCWIE d]lﬁé?lmt Pﬁeuﬁhﬁo (dsagncgvn Jb?rgp?oggiraﬁut wi'1f§r h%s%egsyropcr%aligncd and

appr.eci ate conventi ona
tHesppc s OB R RE T ESE BPTTPite KisKd tgﬁpafeév'e# hoygevep fat thegiggpection
sfom careticem@byedb@vghtuy the médnfacusig prbced addiotnbessailt afi@@ahtheruring is
b ﬁ]ﬁgc lﬁywa@eQ R%EJUUIPS?QI(.%‘I LW@IL@ fn q@\klé(}%%@tﬁ%&&&@ @, !"nr example a critical
accordance Wt present 1 nvention based the
Bl 7 Va1l T I ﬁ*cm%er’c;ﬁ% SEMB illustrates an exerrpl ary
syst &m H300s whetkeddispy atilwalflierovide s pefetaliomes yE iR 1RA 6 fabricate watets

%C[@J\ éegigbmmscr ln&y{%&: &Mk a4 de %ﬁfzgleto obllaGn/slm?L athxrah@ of attributes
that the system may 1 nclude a systemthat

reci ate
aﬁfFﬁP o SUESHPB I B G Y10 ST GYB P 6By tAPER s ierce
(OV ptl agymrgdod by irgerftee (foyatangla 0T YOUT aul edalpereimmme fextahuior g iogmasenting

r%%n%QMIngggogQQ%&tglSRtlcacomloHrc@rlp dt)\yn m(,cﬁfls M&)&&%p (lm&ms and graphic
ual 1ty control durin

provi d
bﬁﬁﬁh dfr‘“%\affsg;ff%%gmnﬁ\“& Liger rplpdg M%a'&%o ik pAuaer-Xakasi-allLy |FP“ Cyrgpgte. the
ptegen@g tegionsgarphaidaterticat agfor @iitanialbublpssasBaititataaghtivd thrbugh the

fi @égbtgé’]ﬂ@ Q)t)lbﬂgﬁ't!&% to tﬁémmc%ﬁg:r Of 1@1 \E[ﬁ?&d \gelw%léaw 3 iffkriace can interact
can i cal user interface

clw Brwﬁl}lm%reé?jlﬁﬁﬁﬂcﬁt a]ni! ﬁg\lldegﬂqr;@?npréﬁcévan?% Pev@%é\;{:ﬁ St MOYEH R roller ball,
1 @dpadcaayboadrp pinsed/k nowncivekt, fardihge. graphi ¢ presenting

regi ﬂm m%samul S4B gmmf@mw %ammsﬁmﬁﬁ chafisi @ t &l%gm boxes,

menus, nus

“"Bgﬁ'glé“ ey pr%l’j&%“é‘h‘iﬁ |S‘i‘i'(}|d“r‘3%’bﬁ°ﬁ)tf?§ "83?? L\"EFP’t“ﬁlé’rb”‘foﬁsc f*%‘d‘é"’"“ and push
utilities to facilitate the ptesentation. For exanpl e,

the presenting regions can |nclude vertical and/or

hori zontal scroll bars to facilitate navigation

t hrough the foregoing and 40 tool bar buttons to

deternmine whether a region will be viewable. The user
interface can interact with the 12 WD 2005/022269

PCT/ US2004/ 028194 presenting regions to sel ect and
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I nput regions utilized to obtain information can

enpl oy simlar nmechanism (e.g., dialogue boxes,

etc.), and in addition provide utilities such as edit
wonbdsebsey combo boxes, radio buttons, check RexgH0ARE 04
push 5 buttons, wherein the GU can use the various
Gurgee tvhedenvtiac@d cfnaiseghe, varfoheinpybdesiess (dgh ene malsd, die robalball, thi kegpad, the

ﬂﬁﬁﬁ)ﬂ:ﬁ@dﬁ p(!:nrzl@lldf* W@Q@ngon)ﬁmn%% \QEQI{e%cchylmn'Faﬁd lﬂ\?{&els V’ﬁﬁnlca@lp)a
i n conn hani smand utilities.

chanism qutl onh ! d uent enterin fo ign Anorder to initiate
Hy BTl %‘é’h ﬁ'if"§¥ﬁ STreehuenieneing fhe WiopRHiqnderdes
‘eneﬁmyeﬂmsﬁ%@eqméhwwenuemﬂwgmt@ewﬁmhommammmmnmnomwderﬁn

eﬁcﬁmlcr}h&dlﬂﬁg@hgh@@W@%éﬂﬁ?ca@?fm{k@ %fdn@i{:%ﬁ%ya% However,
rec(fted hat the invention is not so

| m e EE e REHD 81 NEPETS' R GHF PGt it oHeaC gy present
db‘@)@dera!no femetrihgtoeminpharingat Thodrac oraiypa e emord Gridndgdea since the
p&tﬂﬂcﬁ@s U]-l%@fopmr Q%nlﬁegp@§§‘ﬁgpctt9)nsaérl Qs Rk Stak Bccc%tlermqg& @crg' Bme a

ser known _ present
ﬂeW a l‘fCiHlOﬁ l‘? C;JPG OCH gﬁl@{) b.rlf aﬁaﬂiﬁ\%&t{)rd?bnﬁﬁon l’%lécs dgtngwm tolerancc
‘f@tdéw eorqem amcﬂsmfdcﬁleﬂe gbeprpr®@s efifeit ok enircdsyshem  si nce

t he par. mﬁtﬁﬁ&dlhﬁ ik érﬂnpﬂﬁéﬂi § BfarWaf ;%&tl(ﬁla LR BLion VBTG, alignment
deter m ned every

PR B a PR BV ikiedtio b “Bizaingy & oo v
I%deé émf@bnﬂbuet@ ofesifed byedlicmtp fagifitate @ byl afi@eiera batverr avetivie and wafer,

t ol eD&fdQﬁ waftrhes beRbRpst Va4 I3 MArCAhnRA l@@%@rgﬁﬁgi} Br@wdc a me'ms o
re ol era

Ll.tate
aﬁgg% rcuc]c ?nd wafaro)é C{gd‘iua;nﬁ%/nm{:m rﬁqri%ﬁggaddglg Ié'ﬁbtf’ ng(&t ¥ 81 ttrc&&gg{méu marks.
Thgrmprs &1d sipcom thaaddgsfliags cinbe desdrmingddpsed @ aaserimdcairacy rduirguyne ritor

cByhBlt, eﬂ’ECQ.raEQtandIrh eevl&ﬁtfnefredu%dll J}gm&y @tgedmp(ﬁ@ﬁf a@t@rm@), mlﬁ\ﬁhﬁ@rd
ernatively to

%ﬂﬁ&n ¢ 89 \S%m?m la':? terge cL n s:z ato f’lp t.ate rclt trcfc, and w%ter éma«@gl red

ave
| oc af‘lwéfPF ipsprefioad 40 FStealt)‘eyeéd%e@‘t Waé‘?f hay hm prover prdiensb e tg semiconductor

miaetai1gding pateeh ivah@ée. 1QNG Be dphecidtaf R bkevBagat b@ﬁﬁba@nf)@@&ﬁr{ n be
e&ﬁ@guetq nugg&ﬁhc%an&&%pg;aéoc&? Em% rr}m ngf::g’sgzin ysfartgtmdnugcturmf; 13 conB)lctc A wafer

provi de a neans e an
'“éfi”‘é'ﬁ't 1YHE™ d¥ireq nﬁéw"%?wmaﬁammw lefod cikampls a prdgicyl nwewe gspnning
elwirbdmitrbecpaldigseyent nmarks.  The nunber and S|ze of the
addegt ]MO@?G%C]Q&GS J;hge !Q:?e‘fj %,l] maﬂ&gvéﬂ‘%%ﬁ qw Wil frZ?‘nS[l)Je%tleon o delermine if the

accuracy requirenents. For anml e erfa In
gl BRI EOF ACTEH Ysire fufiereatyr i ity - wwedéglear\cee they walprpilpbe sent
ommanafeadtrol it 45§ )o distrihait wstancar o thedati igshdcOdn 1C@IMnds thal the fabrication is

nde Qﬁ}ﬁrﬁﬁ'@&@ﬂol@t@nc@rﬁ dété?&ﬁ:fu%r?@hwhcgr}“ a%J'u%recm]i EQ r(fw%ﬁqlzd I4E(ﬂ5 ?e ut:h?ed in 4 new
fa& etjcle and fer ali gnnment A waf er |nspec 1 on sys em

A" pragsss S\W)‘fef “é”“‘éﬁ‘b‘l“*tﬁ%ﬁ i ’t“@‘r“’ ¢ SHaP SRerfiiep | 498 stayiewsn if a
deprropeed iyma@t ihg e datarah beZﬂﬁloﬂhﬁm@ﬁﬁﬂo@@lnMﬁv Obrication, the wafer is sent to a
reQ@ﬂHﬁ(@Qtl%'tﬂQchE RC&AS fdr% neQRKGPiLd%E@ AﬂLr the re%volk%mpcgs 1470 | IE %?mplele

oweyer e I nspection system
mﬁgﬁﬁﬁ%ﬁ%?igmfﬁ¥ﬁﬁﬁﬁwﬁwwﬂﬁg4ﬂhnufactur|ng process and
not Wecleseardeicyibed itoerarapafubd@ibudindg of Be pra@nipletos. 1t i) of course,
noY\@)@sﬁar e th &&E%&rp&nc%y/ﬂe%%“nahénl of &%pbn@ntéo@ m:{ﬁogaﬁé'(lcg P Furposes of

PRI ACLUTI g can, Be.. LOr X oris
af PERCTERSHIST ft Oéﬂ °é8‘€'|“"6¥13 H'n 'a:%e*c%@coemﬂeewy fuytheyy
cohinasiprowe! permptettolrod ik pregpynt itvéntionzi@thodsivle P MEMidTIEly, she\WatEe@iTinvention is
tnialdé(g@ Rce @l@a:h hIRRR&S, txdo@ﬂcatn&g L@ b£ria§o¢\$ tat %tvﬁl{‘:rﬁhc sﬁ% zLE]scgpe of the
%(fﬁqctlon setting. A user interface at can
WHTT Y8y to obtain/store a plurality of attrlbutes
associated with alignnment marks placed on a reticle
and/ or a wafer. The 1410 can be a graphical user
interface (GJ) or a command line interface, for
exanpl e. The GU can conprlse known text and/or
graphic presenting regions éonpr|5|ng di al ogue boxes,
static controls, drop-down-nenus, |ist boxes, pop-up
menus, and graphic boxes. The presenting regions can
further include utilities to facilitate the
presentation. For exanple, the 35 presenting regions
can include vertical and/or horizontal scroll bars to
facilitate navigation through the foregoing and



40 etc.), and in addition provide utilities such as
edit controls, conbo boxes, radio buttons, check
boxes, and push 13 WO 2005/ 022269 PCT/ US2004/ 028194
buttons, wherein the GUI can use the various input
devices (e.g., the nouse, the roller ball, the keypad,
the keyboard, the pen and/or voice activation) in
connection with the nechanismand utilities.
Cilpygbcal |y, a nmechani smsuch as a push button is
enpl oyed subsequent entering the information in order
to initiate conveyance of the information. However,
1.1t Assystemder aigping @i wafedokhaticle, lsemiprisiegt i on i s not so
i mgediaEWarikxanpl e, nerely highlighting the check
box can initiate information conveyance. A data store
can be agéeéggrdero all ow historical data to be served
up and CQRRALRMANCR: KARMInPTr esent data relating to
seni conductor manufacturing. The data store allows for
a nore eFP?%qnér@i'QWté'rﬁ”SW%’@é i fyemedeig tqrieg @skalignmentzeark
for wafer alihgsdpRbtto Bli@E céiePBRti ons, etc. does not
have to he d&%ergLned every time a new fabrjcation is
%qn

i npPERaHCag 2 Yagpnabling iptessesing @ dprgtieicopiignment mark
fabri aaitizedino FRfititd 8 nole BLdlirdts Aidrdhet andmpond@s bh@wiad A
store can be aC@%Bsgd.éﬁ.facilitate a best neans to
meet tAYECTHRES LY POXURVE. At 1420, wafer loading is
enpl oyed to |ocate and position a wafer in relation to

a [ nt, .1 . The.waf er | oading 1420 can be
2.5 GEF et h AN 1 P el R] BapeRRr b PR SR B
seladttead phck ablegsttone ratigon dh diagandl $ne tooatd ssdctoat lemsdriecalghiypent
mait 0 a desired location to facilitate a best alignnment

between a reticle and wafer. Once the wafer has been

properly | oaded, the wafer alignnment 1430 is utilized

to j : j i
oy oo Ry B TRANG vieipdonaPiredfofie Sl 118 2284nd 31 Sedtes
relgijve o firsleans segpriteslignmenricsarks Twierein #b eligranrnt slapecaptprishetwo
linedGffch ihieRR8t SRMOB8AGIARM ned based on a user's

accuracy requirenents. For exanple, if a certain

standard deviation is required in a process (e.g. chip
4. ManWheS st Baimt haithSicaRrdasiHy atearmat) bedra®ly coupled to the
correggonﬂ go an |Btfrs thy size to facilitate
PrOFERSPE PG iAo AR 2R FRTARRS DIRSHAD BFOT GREFUERT -on 1440
is enployed after the wafer has been properly aligned
and_.t he sem conduyctor 20 mapufacturin rocess. is
5. ConPIEER o G o terads R R i dlher S R ruines
requinspiecichiere s yiesieh awamrabewiti@nph aligdndrradghout t he

manuf acturi ng process and not necessarily after

manufacturing is conplete. A wafer inspection system
6. ut i Aiwzted alignnyantrbysterd eotpyingdnelSistenupf slgimclan be, for

exanple a critical dinension scanning electron

m croscope (CD-SEM. At 1450, a decision is nade based
7. on ANwer fabdieatipagysteormnmeyingthesystasmécieiroh t o

determine if the 25 wafer fabrication is within a

desired tolerance. If the wafer is within a desired
8. t ol & PYRB foragningaiveroriRqre wWaéer da/ers, CORPAS% sal es

chanpgible lidGaaih@ distribute to a custoner. |f the wafer

i nspection 1440 finds that the fabrication is not

within £ Rt ol erance, a deternination is made if

a waf er Liast dveridyeraryekedd1460 to be utilized in a new

fabrication process. If the wafer cannot he reworked,

it is sent to a scrap opergtion 1465. However, if a

determ nation is nmade that tThe wafer can be reworked

and enployed in a new fabrication, the wafer is sent

to a 30 rework process 1470 to prepare the wafer for a

new fabrication. After the rework process 1470 is

conplete, the wafer is | oaded 1480 into a water
alignment at 1430. What has been descri bed above are
preferred enbodi nents of the present invention. It is,



35 conbi nati ons and pernutations of the present

i nvention are possible. Accordingly, the present
invention is intended to enbrace all such
alterations, nodifications and variations that fal
within the spirit and scope of the appended cl ai ns.
14 CLAIMS: 1. A systemfor aligning a wafer to a
reticle, conprising: the reticle, including: a design
area; a & seshdabverpyrentt wikickis spndhefticte terfolstalvedayntanfet with
mar k whi ch A first alignment mark

W th respec‘%s%eatm&tﬁélec?én?eréﬂﬁter poi nt; at |east one
addat/eastane aﬁ@@uﬁhﬂlagdrﬁéhnerﬁeememtnhmyi tatfadilibats & noove accurate
allgnrgg@,qayn?ﬁ utilized to facilitate a nore accurate
al i gnment "o onents and wires in accordance with
t hea RIGCASSOF a‘hicv @llows a 7ers te geled end place af Ienst one @editienal
CONPI igfigBlalAinPE&RRSROr Which allows a user to select
and pl ace at | east one additional diagonal line to
intersect at |east one alignment mark. 3. The system

9. of Frhe;éyéﬂeh ot dmd \alfjlé?t@@a dl?gﬂ)ﬁ?ﬂ lﬁe:Psné?hrgJ th4as a@l%ést oR82f 45,
ees reltatl v 0 1 rs an Secon
19 B AR S elali et A TP AIAAE Jnes Waigk

intdrseat ahd Mreorivbyaral.i nt ersect and are orthogonal . 4. The
systemof claiml1l further conprising a nenory
operatively coupled to the processor to facilitate

10.addTregsyatbth ofi aberial 8 fLitineg solpa ity 8 meptdrpopopdedtdonpiad tdthe

orog e AT a8 itond HERBETR o SO BRCYe &

desired accuracy within an alignnent rrark 6. A waf er

11,4l 'ﬁ@@@%n@mmmr&x'tﬁ%rwe%ﬁayose&&m. tl% ﬁ\f

rication syste
adohiloaaimngs reqgirechaghesirgna ﬁ@ﬂlredlactgmaquvrﬂwwoamvamay @rga;if er
Iayers conprising: a reticle, including: a design
ea;, a first overlay target; and 15 a second overl ay
12.¢ ar@ weleRAYRIRYyiadanyeniaysiers srplaying the systerpobelaimy7.t ar get
W th respect to areticle centerpoint; at |east one
add tl%? di %gonal i ne segment utilized to
htabrigat rséSt%‘tﬁJ“F%\?yé"g Boeystery of Al & processor
\Nhl ch all ows a user to sel ect and pl ace at | east one

addA eﬁ‘: 3 for facsﬂgt?ngawafer aqlgnr%gr?t comprismg the steps of:

using a reticle, including;
a design area,
a first alignment mark;
a second alignment mark which is symmetric to the first alignment mark

with respect to a reticle centerpoint; and
adding at least one additional diagonal fine intersecting at least one alignment
mark utilized to facilitate a more accurate alignment.

15. A method for facilitating wafer alignment, comprising the steps of:
using a reticle, including:
a design area;

-a first overlay target; and

16



9. The systemof claim@8 wherein a diagonal line is a
line that is at |east one of 45, 135, 225 or 315
degrees relative to an alignment mark conprising two
lines which intersect and are orthogonal. 10. The
systemof claim8 further conprising a nenory
operatively coupled to the processor to facilitate
addi ng additional |ines based on prior operations. 11.
The systesemwhd olalant@geihveried in siimepicas deSvst cdtedmriaigeesith
t he nunber of nal .lines required achieving a
desired actw e%@gg %tﬁPe Cenﬁer%({/rgtrl ay target. 12. A

waf aidingvadiidasy ored adgiitivpalt diagesbidime sagrientiutiizedhie fajisteancre
cl ai mg fabrication system enpl oying the
syst emZ a%Iof\;{férln 75%4 A method for facilitating wafer
al i geAENG a8 RIBFing BHigastivee stdiienabdiagonss linegsegmest utitikieg a

i ncl udjfagdssgp design area; a first alignment mark; a
second al i gnment mark which is symmetric to the first
alignment mark wth respect to a reticle centerpoint;

16.anda AgHJADF ahgrimgféwa@n 8nd@REhiurRgdlettyagenahe hehed
e

i nt ersecting at ast one al i gnnment mark utilized to

COPR{eii tate a nore accurate alignment. 15. A nethod for

f acibartsabi mm/geétevéasabn@éummhm diEyBREI Pk Rdah BRInFAPSakito
usi ng ticle, } a design area; a first

over | &S?’“fai‘? gete a%"ﬂf Gi‘gagr OBkt over | ay target which

| S ragansEbIr addingtat dest fng sdditovalrdisyonbiding 8bgmbdtho facksgest

to ar ente oi nt; adding at |east one

addi t pg&agcca(ag%%eg 1?qﬁje segnment utilized to

f acmbalrtsafbres@ecnm end plecing at leastvee laagitiormhdag@iaemtei tn gntensekct

Pl ac! Beil he TRl A0e AR lRRE dlaggnal 11 ne segrent
I'ng a cessor of aligning a

vvafer and msasurl ng overlay error, the nethod

17.60 ;“FH(_?' St oA, heARdLAR, eﬁﬁécgﬂ%geapﬁ Sfidihona

ne to analgnms tate nore

Conéﬂf@tfﬂﬂate waf er alignnment; neans for adding at |east

18.

19.

20.

21.

oneytaddi dotplsegh.agonal |ine segment to facilitate a
more accurate overla and nmeans for selecting and

pl PRGNS aperals asdltatioaitha i6reacten algb® B4rTacP 176 3t Bast one of O

i nt er 38adp, 138, 1863845, PNE 336 bOBERMgre@r K utilizing a
processor 17. The system of cl ai m 1, further

i ncd RIAFFR§°S 8P ace i nspection equi pnent,

a wafer surface that includes at least one feature.

A wafer inspection system employing the system of claim 17.

A wafer fabrication system employing the system of 17.

The system of claim 17, the surface is comprised of a semiconductor material.

The system of claim 17, the processor utilized to determine a best angle or

angles to inspect a surface feature.
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conprising: at |least one CD-SEM a scanning apparatus

facilitating the inspection of the surface at at |east

one of 0, 45, 90, 135, 180, 225, 270, 315 or 360

degrees; a processor; and a wafer surface that

i ncludes at |east one feature. 18. A wafer inspection

system enpl oying the systemof claim17. 19. A wafer

fabrication system enploying the systemof 17. 20. The
22sysiTeesysters lohtlal 77, further samprastg d ecaiany elefedt sferatively

g@ﬁ?ﬂgeﬁtéﬁmmt erial. 21. The system of claim17,

e processor utilized to determ ne a best angle or
angles to inspect a surface feature. 17 22. The system

of . ’ . o Lo .
230 s B HOALrof G PE R B )i e R G BTERH e
ad@ﬁ%ﬂahd@aqnai live: tditerseshst leabtrpesdiprroenitmpranidizinh adiroeesatr.

| east one additional diagonal line to intersect at

| east one alignment mark utilizing a processor. 24.
24.The ThergHdof ci@!ﬂ"a?%%reiw@rd@mnafﬁ@e apmpiineslat legsteone of 0,
45,085,986, Bl5, bERSH 5 AR 360 déyreeh@iatiPio thd Alignkt mardo:

270, 315 and 360 degrees relative to the a% I gnnment

mar k. 25. The nethod of claim 15, facilitating surface
25.i nsPecinetidd of Elhinzi 51gaoﬁmn‘ng@a:fédéaﬁﬁfeai&fw|iﬁﬁ?lbm@ﬁnspection

conpr,ising: . enpl oying at | east one CD-SEM TIocating
eq%wn?rgc%onﬁ;ggpgr es to be measured; scanning the

i nsgregibyion asieadtace CALSAN; | east one of 0, 45, 90, 135,

180 , 0 15 .0r 360 deqrees; and processing

infIB?%@%Sgﬁg?eofea@{egrt?r%ﬁ@egs?{gg’t angle or angles to

i nsgp@oting treun@cton fusfate piat 1Bt one of 0, 45, 90, 135, 180, 225, 270,

315 or 360 degrees; and

processing information to determine a best angle or angles to inspect a surface

Co

feature.
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