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| NVENTI ON [ 0002] The present invenig@s fabrication of integrated circuits
generally, and nore specifically to nethods of characterizing defects that
i npact wafer yield, and their causes. 10 BACKGROUND OF THE | NVENTI ON [ 0003]
In the past two decadesBAGKHNR QFINELCLONEIRS ThYEHIGB| ved in the

techni ques to evaluate defects that affect the yield of integrated
circuits. These systenms include yield nodels generated in conjunction with
the desi gn0edl]t est VdksiapplicatioTuipimsthe berkEt 6:33.S| PromistonbloRatent iApplicaiordi ct i on

and yield n f ' rat.ed. ¢i rcuit nuf.act uni n r.0cess.
Except for&m’% @g’g‘glﬁ(& Eaj n@?g?,’b@@%@g@&’ Vi]%ﬁoaggratfgﬁﬁetfer{a?cg\kbem%{ﬁl lgst ructures
are ut 5l i zatretyo eval uate defects on a single level. [0004] In the case of

full flow TV's, the prior art does not disclose howto identify the
detailed interaction of defects in adjacent (vertical) |evels through the

results of 20 el ectrical testFmgDd GPTHRBNVESEON the identification of
defects on_a single |ayer through optical and/or scanning el ectron

ni cr oscopd?q93EN) i ndpeBieshinvertiog; Bbricstion of igtegrated; ciigpits geperally.cad &0t n at
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i dentilfy killer defects wthin the layer that is inspected. 25 [0005] U.S.

whi ch' i o ncor porat od by PAGrBROUNIROE (P AYVRRTIA, TPy addr essed i he
desi gn of [000&]s whi Gitthe ast aed @edades, dpRisticdtet §eteind hawd evobaetl it thei nduced
cher cal ' ECHAHFCIV B SHETE ekt 1 SRS b oSkl ol sers
include yield models generated in conjunction with the design of test vehicles (TV) that
15 facilitate both yield prediction and yield enhancement of an integrated circuit
manufacturing process. Except for the measurement of contact yields, (short flow) TV
structures are utilized to evaluate defects on a single level.
[0004] In the case of full flow T'V’s, the prior art does not disclose how to identify
the detailed interaction of defects in adjacent (vertical) levels through the results of
20  celectrical testing. For the case of the identification of defects on a single layer through
optical and/or scanning electron microscope (SEM) inspection techniques it is difficult to
predict what artifacts discovered on an inspected layer might produce killer defects in the
next layer above it. That is, such inspection methods attempt to identify killer defects
within the layer that is inspected.
25 [0005] U.S. Provisional Patent Application No. 60/316,317, filed August 31,
2001, which is incorporated by reference herein in its entirety, addressed the design of
TV’s which characterize the interaction of feature induced defects within adjacent
(vertical) layers related to the Copper damascene chemical mechanical polishing (CMP)
processing geometries.
30 [0006] It is desirable that the next generation of yield models with yield predictive
capabilities take into account the yield impact of the interaction of structural artifacts

within multi-level process layers.
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30 [0006] It is desirable that the next generation of yield nodels with
yield predictive capabilities take into account the yield inpact of the
interaction of structural artifacts wthin nulti-Ilevel process |ayers.
16~W-gWBq W 08715885190 PCT/ US03/ 05959 2 SUN MARY OF THE RCUHSRFER [ 0007]
One aspect of the present invention is?a test vehicle, conprising at |east
one product |ayer having at | east one product circuit pattern thereon, and
one or nore clone layers forned over_ the product |ayer. The one or nore
cl one Iayers include a 5 pISHMMARY OF THE JIVENIION: om t he group consi sting
of clone Veh' CHfle %p@&%fﬁe??és%ﬁrﬁ%nﬁ&g1s aqkmaualesaom@mnglaeleugtas The
presence e or nore defects in the one or nore cloné |ayers is an
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nor e cl onduccegdinaslaysrie beformed aveﬁrthmpciwg/clmmt SRR BY P?tom the group
consi sti ngnepky Cl ONeAL&HLr o¥ ;?J&Ei*tﬁf flvedtidntis &ﬁleﬁﬁﬁtf&rd%&gﬁﬁg o?!fé?)ﬁ@athfg%t vehicl e
vi as; and the one or nore clone [ayers used for each of the plurality of
di f f et@nt plueality vidiffetcattessvehicles is a/&mhcshe impieveznent @nnp}w@sh@sm or[ 0009]
Anot her a f I rality of
circurt puprgirdmeP St Rl 3o BRLURS kvoRORMEL RGBT 0 LY The
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| one test vehicle circuit att rns and clcgne test vehicle
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DESCRI PTI THE DRAW NGS

[0009] Another aspect of the invention is a method for analyzing a plurality of

circuit patterns. A first clone layer is formed over a product layer. The first clone layers
include a plurality of structures from the group consisting of clone test vehicle circuit

20  patterns and clone test vehicle vias. A determination is made whether one or more
defects are present in the first clone layer caused by artifacts in the product layer. A
second clone layer is formed over the first clone layer. A determination is made whether
one or more defects are present in the second clone layer caused by artifacts in the

product layer or the first clone layer.

25
BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1A is a cross sectional view of a portion of a back end of line
(BEOL) clone TV including metal checks.
[0011] FIG. 1B is a cross sectional view of a portion of a back end of line (BEOL)

30 clone TV including via checks.
[0012] FIG. 2 shows the floorplan of an exemplary BEOL clone TV having 12
different chips per field.



[0010] FIG 1A is a cross sectional view of a portion of a back end of |ine
(BEQL) clone TV including netal checks. [0011] FIG 1B is a cross sectional
view of a portion of a back end of line (BEOL) 30 clone TV including via
checks. [00YQP3/7580 2 shows the floorplan of an exenpl ary PBEASO¥ R TV
having 12 different chips per field. D 03/075190 PCTI US03/ 05959 3 [0013]
FI GS. 3A-3C show three conbi nations of netal patterns having different
nmetal density and line width. [0014] FIGS. 4A-4C show three vja test cells
havi ng re§d481 i vel yFIGES: B&r¥pshowcrasicambingtiens of mefal gptt ving ABgeRti a
density in zi . 5 [0015] FIGS. 5A-5C show three via test cells
havi ng regfg5 aég'igl%gygg%pﬁg?déhﬁt conbi nations of netal density and via
density i p0Mu} ai ght FIGShd A4 shet threg vipetestselshavingoespsptivehalifferens a di agr am

showi ng the reticle.layoyt correspqndi 0t oorplan of FIG 2.
[0017] FI @%?‘{“??ﬁ%‘ﬂ°£H’&¥a§ée”ssﬁ&%“f‘é‘gﬁfﬁsgg%o#‘gﬁ% it iL"cI e layout of FIG 2. 10
[0018] 5Fl @@15?A andrRE. ShesC kew thiee vistysietliciavingerespectivelyTdifferental | ayer
circuit is offset het n the gub-chl%.l an ub-chig}[. 2. [0019] FIG 9Cis
an enl ar g&embinalipnso ?eﬁﬁ‘éﬁsﬁy grd yip densy, .mftﬁf’bgg’éimﬁ’?%e TEPESiow enl ar ged
details ofodiag lret i plce di@XGlihtgr&‘f shiolwing Be rdi@RAdsjouttderespedBingorss how t he

| ayout of the clone TV via layer circuit is offset 15 between the sub-chip
| and subflepiplanof {IG022] FIG 13B is an enlarged view of a detail of FIG
13A. [0023})5} GS. 1 o rlRh @ drnbudib By RidrHIG, 4.ay0ut of FIG
2. [0024] %‘11’;(}1@ 17A ﬂ@@?gﬁgﬁlgg(‘;’%ﬁgﬁ of anot her eng lary BEOL clone TV
havi ngo a[@018] al i t yFEGS. 9dpad IBeshewdowdhe layort ofiftiectonedlsV metehlagefpieddor and
victimpatterns. 20 02 FIGS . 17B:17D show internmedi ate steps in the
fabricati 6%0%?‘?%6%}9813“54‘?4%@3%%?’ R}\#Peir?ei n the nost recently deposited

| ayer at g@(ﬂb]i Nt er FEGliod! i8 as eslprgbdisichvatila demg @f EEG.AB.and vi ctim patterns.

three i IR onal - TREN 0 ey Bedeg ARG SptiRsfpottoime. 20 TV Tor @

[0021] FIG. 13 A shows how the layout of the clone TV via layer circuit is offset
15 between the sub-chip 1 and sub-chip 2.

[0022] FIG. 13B is an enlarged view of a detail of FIG. 13A.

[0023] FIGS. 14-16 are enlarged details of the reticle layout of FIG. 2.

[0024] FIG. 17A is a cross section of another exemplary BEOL clone TV having

a plurality of upper layers, each of which has both aggressor and victim patterns.
20  [0025] FIGS. 17B-17D show intermediate steps in the fabrication of the TV of
FIG. 17A, wherein the most recently deposited layer at each intermediate step has both

aggressor and victim patterns.

[0026] FIG. 18 is a cross section of another type of BEOL clone TV for a three
dimensional yield impact design on experiment.
25  [0027] FIG. 19 is an exemplary method according to one embodiment of the
invention.
DETAILED DESCRIPTION
[0028] The exemplary method pertains to the fabrication of integrated circuits,

30  and more particularly to methods that characterize and quantify classes of structural
features that propagate defects through their interaction with an adjacent (vertical) layer

within the multi-levels of integrated circuit structures. The example provides a gateway



25 [0027] FIG 19 is an exenplary nethod according to one enbodi nent of the
i nvention. DETAI LED DESCRI PTI ON [ 0028] The exenplary nethod pertains to the
fabrication of integrated circuits, 30 and nore particularly to nethods

t hat char adv@e3981%nd quantify classes of structural feafGrTaS0Y (5§30
propagat e defects through their interattion with an adjacent (vertical)

|l ayer within the nulti-levels of integrated circuit structures. The

exanpl e provides a gateway WO 03/075190 PCT/ USO3/ 0595&3 4 to, .,

t hr ee- di mimtresrdimenaions| Anespurpasnisrof srpqiEey inaioptt patisr that esbinddller ¢ hat

result 10 gl & sunfBl el Such Ot Bakan gty deposited pattern layers. [0029]
od use

Thi s exenplary net s geonetrical pattern variables of one |evel (the
"cl one | ay@029] t hat Thistxmadarywethodasesgsomatricph matterm: variables of apgdayekithe v bel ow

t he clone/ 5 | ayer,, . Jhi.s techni i ' L) al features
("aggr essoagI‘? ¥ )[tpél m‘ﬁ’fﬁgﬁ\’j@‘? &?gﬁaﬁB{qrqgfcq{g’ae%}f@g@gﬂgf}?%%ﬁ{hg%%ogéO a given
suscepsi biigepemi®lethmiqle dantdetify specifit strusanalifeatiroe (“Aygredsorst) dfaher vari abl es.
Si gl o- 1 et dgrer okt B0usdelepi e 46 oh SE TS BRIPeB MRy od
i ndi rect | Yodeinediing 19 dididusRevaabRE! I drichase) anetifashigthayiodiet ahe
artifact. 10 [0030] An exanple is described bel ow which Produces a design

of short maawomme{tswé@bleéaﬁ siglerlexe teshuchigle, but thg same prtffac ?“HP&_@ of structural
feat ures %&é Hiﬁéeaym%ugﬁﬁ?e ngﬁxeé@&yf&mtﬁ@aahe 1agSbveMRd anita®. t hat can
W titu bl e

create defects In“a mu e of possi geodnetrical cases in the
| ayer 18boy@030] . | n 4eexmapls it drearied hdowtwideh produaes g desigioot shert figw TMssi gns

with electrical test.ca i ity to.e niify: $50, of
structur altthaiga:*aéig{ea?gxge ﬁaé’fai“‘{y}‘é%t%%?%@ﬁ%&%@&%@a&g‘%ﬁ {rhlése to defects
on the nexpropictoaeas! lhyeresind vilkethatroas viehte defetts wdthived mahitudberfipossiblé r om t he
testing of the TV (copcomtant wth a physical ingpection of th

i dent i fi egeemestBeal cpies W‘?‘%?ﬁé’bﬁb"f’ﬁ)“i {8 8?’&%&‘?‘8%’?)@“83@’ @gs e S{’BS‘%F%duce a
yield md%lesigﬁbgluim abario edt Ghhty3Y St RMtd sd duenteRThiseth of edvniralt er act i ons,

' two | ayer interconnection sequence within E grl ven
Y

for any desire ! 1Nec
mul ti 1bay deatiras erys givenipiofve daver et give Tisedo defscis op thenex| riacess RYEnLbe B show

cross secti AR gggﬁﬁgﬁkﬁg@%}é@% REGAD TP EkomBhwitlapgsidy. F1G 1A

shows a B ving TV nmetal checks. FIG B shows a BEQL
cl one TV ifEDettmmiofithe Tientifiad défectivaith resnscidn émfsicalign) Brmbe gpesiie produc & ysed to

eval uate |\ Maghaqfunfhida ReRBHGH sy AN HRRNe HGPRMREBS, ff'aY dosited

two layer interconnection sequence within a given multi-layer integrated circuit structure.

20 [0031] FIGS. 1A and 1B show cross sectional views of a portion of an exemplary
BEOL clone TV. FIG. 1A shows a BEOL clone 100 TV having TV metal checks. FIG.
1B shows a BEOL clone TV 150 having TV via checks. The exemplary BEOL clone TV
is used to evaluate impact of BEOL product topography on open/short yield of
subsequent BEOL layers. A test chip overlay is built for product wafers. In the diagrams

25  of FIGS. 1A and 1B, FEOL (front end of line), M1 and Mx-1 are layers (the “product
layers”) 101, 151 deposited in the copper (Cu) damascene process for an actual product.
The layers designated Mx, Vx and Mx+1 are BEOL clone patterns 102, 152, described in
detail below. The first group of patterns Mx, Vx and Mx+1 101, 151 are formed using
the related semiconductor product fabrication processes. The clone patterns 102, 152 are

30 fabricated using the same BEOL fabrication processes used for the same product. But the
clone layer patterns 102, 152 are designed to enable identification and analysis of how the
presence of specific product circuit patterns in the M1 and Mx-1 layers cause artifacts in

layers deposited over the product patterns.



subsequent BECL | ayers. A test chip overlay is built for product wafers. In
the diagrans 25 of FIGS. | A and 1B, FEOL (front end of line), M and Nk 1
are layers (the "product layers") 101, 151 deposited in the cog

danmascene pVOd¥B1%hor an act ual product. The |ayers desi iAWY/ 59V’x and
Mc+1 are BEOL clone patterns 102, 152, 5described in detail bel ow. The
first group of patterns M, VX and Mk+1 101, 151 are forned using the

rel ated semi nduct pro abricatjon processes. The atterns
102" 360 A0B5H0°F e rine Bt en hEoien IS GabsRmelor KaiRierhirestion RBeBRHE Lsed
for the sapFedFoflbdmpldie dvBfay 6 usddRo |sﬁM?EsoRﬁﬁ§e%ﬂ%a&&3/w1&§;?aﬁ@frﬁ desi gned
to enable identification and anal ysis of how presence of specific

product cigegistn pefhviaand n?qtﬁltSHECWFS dhe tm“isor@p@?sn@aw@t GRIPINIPAEEIRS |
| ayers depgg isBﬁEEd((Wﬁﬁ nb Iﬁ@arﬂy HQEI% tgfi‘»ﬁf ﬁ{d%nse\@@ag@/&g? s BddskS03/ 05959 5

[ 0032] The overlay can be used | agnose mmj or | nt er connecti on
t opogr dphyneighberhesd paitsrn @wanmlent Tlhe teohmqmmnablss fastsdclednm indgbricgigrdense and

nar o W g RARLSele bLEBb ol AR bR o0 Y Bkl BT o Bes RS LT

"i so/ dense™ ‘means at “certarn pa no near by
nei ghbor hq&ﬂ)anﬂfﬂﬂFdLﬁt%Siﬁe loedlizsd. (Paeferablypthe praiuet @SR parthivhedipey hood pattern
envi r onnent s tech ye enables fast cygle ti |n fabrication of the
test vehi dfl@cpeﬁfieddﬁ&ttcefﬁ"t O%T%Vegﬁﬁwb cREPsBPRAiag cloRg LV aegignsicappe ¢ 4t i on

processes fabricatdds ke thEdFktS ofthe plodtelpaf@fls o the kfdea® structuhts iPtheduct
| ayout_ is partltloned IntQo independent test cell regions, over which

cor r edfondilong leyesn & orexample, HBmé]afFﬁt?hé309%?)"@9@16@@5“@@9@9% H&Y bhe effects
of t he pr QQHran tRethbed B eermrfagﬁ RPERUE sﬁe@&é{gwﬁrﬁf@@ mwrﬂ%y%oﬁﬂg%ew ayers.

exanpl e, appr oxi ma by- 300m regi ons”my used in
t he cl one chippén 8 4iby3 aaamrmmnm tebtdtings vsethull hosalizations aleyf 0R1DGmMy skill 900m f or
12 chips | St fault localization,
one of or aﬂna%dﬁgEc?éf@fyq%éatg%rgé%@ﬁ%&n?eﬁ%% tpﬁ&ﬁa?ga%?émdff bet ween cel |l size
VS. padfra[omajount AsGhaa) mﬁfs‘iGshAWhetelst ﬁhﬁlelOﬁ,coh‘lpﬂsés%leam&hbpi‘cﬂudtOO

conpri es at ct .15 |ayer (FEQ., .M, M- 101 _havi ng at
east 13n &fﬁ@fﬁpﬁﬂﬁ?g@[w}% BcthFé’l ﬂﬂéﬂ@%ﬁ“%ﬁ@ﬂh}eﬁﬁ@ p&?@’rsg(l\/k
VX, M<+I) naaa cRhe dyers TREL, VX aVIxt el opredidehed AxEihe bebduciiiyandl, Mithdar e net al

| ayers containing Gircuit patterns. Vx is a via [ayer containing vias
connect i ngViphk e medal jayers Gentgiping rircnk patternsy xsis a VirdaysicontAiniag, aasc | one |ayers

M, SBR[
vehi cl e viMxtl include a plurality of structures from the group consisting of clone test vehicle
20  circuit patterns (metal checks) and clone test vehicle vias,
[0034] In FIGS. 1A and 1B, the M1 layer may contain the contacts of the first Cu
damascene layer, which are connected by tungsten posts to a circuit pattern below. The
Mzx-1 layer is the inter-layer dielectric oxide layer (ILD). The clone layers Mx, Vx,
Mx+1 are formed on top of the ILD layer. Alternatively, the M1 layer may be the second
25  copper damascene layer, in which case M1 is connected to the metal layer below it by
copper filled vias. In the case where M1 is the second copper damascene layer, the Mx-1
layer would also be a dielectric layer. In the example of FIGS. 1A and 1B, the clone TV
layers 102, 152 correspond to representative layers of the Cu damascene process, but one
of ordinary skill in the art can readily develop clone TV patterns for other BEOL
30  processes.
[0035] When a test vehicle is fabricated including the lower (product) layers 101,
151 plus the upper (clone TV) layers 102, 152, the presence of one or more defects in the

one or more clone layers is an indicator of a tendency of the product circuit pattern to




[0034] In FIGS. 1A and 1B, the ML | ayer may contain the contacts of the
first Cu damascene | ayer, which are connected by tungsten posts to a
circuit pattern below. The M-1 layer is the inter-layer dielectric oxide
| ayer (1 LD)WOPHRSE00ne | ayers Mk, VX, I\/k+1 are formed on PCASE050%e | LD

| ayer. Alternatively, the ML Iayer may%be the second 25 copper damascene

| ayer, in which case ML is connected to the netal |ayer below it by copper
filled vias. In the case where ML is the second copper darrascene Iayer t he

M- 1 | aiegactwielddfalsuesepdinglagerde be farmed pysydhe prpgudt piscuibpsHpmdn af Tl Gs, | A
and 1B, o] T r | ayers
of “the cuPhdistotus ¥priditfha thbhe shaerBOL; GRAARNLLD pEREARRN AR UE 2

readi | y despebisp tci:hmeheTstpameepfl&'tlfants vdteh ¢he iRE@a] BBODL daystsswedepopipd3s] When

atest vehicle ig f e ncl ower (product) layers 101, 151

plus the E‘ﬁfﬁ?P f@ec?ﬁééﬁtﬁ tFCgﬁfJe‘fséngtltgiagﬂésg?l%Bf%S presence of one or nore

?ﬁf ect §d| [Q[th,b oneAf léxfm;sla'y?ﬂxdﬁmﬂ fbﬁz}tﬁl}gllngggx ol'imcl'll"t pattem?gcnn%mbs thetstepsle ?cy_ o:‘ .
e product clrcui ern.to act yie

of a succebenlisein %bel?"(‘ﬁ%ﬁ? tﬂﬂﬂg Opy ftes VSE‘ﬁgﬁ%& f5,?) "Ph‘gg’tgtngr nin a
"real” pfegglb?ﬁ: pro-ﬁhb'bslayé‘ 161 quﬁﬁvﬁ@ﬁttled@ﬁ&letﬂ?@d@muﬁ%@e@m Mieréonglark - 1

product |ayers iy expected to have the sane types of artifacts when

t he nor mapneBENOE &}i@ﬁ daygrsd 03l 53 Spmeed overibe arpdueidayehdheone or are clgBs ect ed
usi ng the, ing a
circuit pa Igr%ﬁc}%-o n%@%(@léaglq ﬁfe&rg?tg%é ﬁ‘%ﬂ}tﬁé gﬂ%@?@r‘\%ﬁ g?go;l& ??&gﬂﬁ)%l ectrical
testing) Girauit pettems end ehneteg vehiole vis0 A dateriniwitioy | 1sanade| Velmher oneopRoduct

| 101, 4810 | east et d
ont-or  moPeEt BRI 3 589 Bl TNT 7hls BRI BERT 0, o

nore cl Onﬁlorésﬁp)éafa attﬂ‘@dtslﬁlﬂtngo@dalmtfrablbheylagérsstructures fromthe group
consi stl n of clone test vehic|e II’CUI ELjh'epatterns and clone test vehicle

vi as. 087 ki nat i GAe fa& thenpna %?F‘Pé‘ engp{@f U CIFFBR PRI I I0B3ft s ent i n

the One quem)éfea s%l:éé@@m%@%@ff% ‘be Eotinfod ©6r thElodd@ cird@npdtiedi MG Roduc)r nore
specific artifacts in one or nore clone layers. [0037] One_ can then

anal y1& abased g thedetrminaiion  Bijs analysiscan Fftch}slﬁtl@“é‘flfb’l?&)a feﬁﬁ‘ﬁ%?r atgibuie@fof a
succeedi "fhe @g@%&&g ﬁfc%dééfféxe OUEbr thbke aﬁ{faayfotprsliwgﬁféhﬁto RiRY $R1d nide @

product, termnation. This analysis can include
i dent i fy| pigne layemt Horexampls, theiebnayebern artifaet ip thedueduct leyerrthatigmotcauses t he

gggnglr em%ﬁas?rétblrlr%??c%simgﬁlo rtgﬁ%gﬂ{ﬂg ﬂe@% eﬁt%gsgﬂ]o%tcgl]{sggg{}iﬁp‘%g{tﬂf}gro'r(]io ers. For

layer itself. Nevertheless, the artifact in the product layer can cause a detectable defect in

20  the clone TV layers.
[0038] Preferably, the clone TV layers are reusable. The method of fabricating
one or more product pattern layers and then forming one or more clone TV layers may be
performed for each of a plurality of products, each product having a respective product
layer, with the same or substantially the same clone layers being used for each of a

25  plurality of respectively different product layers.
[0039] As used herein, clone layers 102, 152 may be considered substantially the
same when the clone layers include the same number of regions or chips per field, and the
regions in each set of clone layers have the same types of patterns, For example two
clone TV floorplans 200 would be considered substantially the same if both have 12 chips

30 per field, including MDA, MDB, MSA, MSB, MWA, MWB, VDA, VDB, VSA, VWA,
and two product patterns, as shown in FIG. 2 and described below. The clone layers of
the two TV’s would be considered substantially the same even though the length and
width of the regions differs between the two TV’s.




measurable in a short flow test vehicle, because it does not cause a
failure in the product |layer itself. Nevertheless, the artifact in the
product |ayer can cause a detectable defect in 20 the clone TV | ayers.

[ 0038] Pref WPMBHOIB19 he cl one TV layers are reusabl e. The rGTAGHN3/B5959
fabricating one or nore product patte|7n | ayers and then form ng one or
nore clone TV |l ayers nay be perfornmed for each of a plurality of products,
each product having _a res&ective product |ayer, with the sane or

subst ant i dPP40t he sdneloae dYelayeaskavingsabsientiallis thersame dasiont, #7e clonedaysraur al ity

of respecty hfof ) Somih e | | one
| ayers 102f,(_)y%5°}2{ o?}g% pg%rgfgtgr?g Fﬁ%&léss %ﬁ ant | %ﬁ?ﬁ% @%é%%%%ﬁoﬁ%stl one
| ayers i ncdignag visghamarbutapkave ofspeatiyely diffaent chinp daypelengthahd cloaatiythe

regions i C f ayers . have the sanme t of patterns. For
exanpl e t\/\%ﬁﬁic g%gﬁofgmfgﬁé)gﬁeg’lggh%’ %6&}\}%ﬁﬁed%’gabv&%‘?(ﬁ%ﬁéﬁe@ubst antially the
sane if5 bqobdijave 13nclhnpTV3aydpehavingaubktadtiatlly tdisade Mydut, HeBlonyyersVSB, MM,
MAB, VDA, VDB, V?A, Y\Mlbt ?nd ‘téﬁm pr odyct ‘P tterns, as shown in FIG 2 and
descri bed BeFashOr AsPlupiiy of fest vaniclesmayibg divided inig aplypslityptsesionsnsi der ed
subst ant i alrapgddig a%@ﬁ%cﬁ"l%'?buft B yidagh fef@hid1e2M5tn iU a)hlag%d{uF?e iGR Ons
differs between the two TV.'s. WO 03/075190 PCT/ US03/ 0595 7 [0040] In
cl one TV |iahsrdonedayeryolcagpls teshitehigle hpving sommen sirugtunes. Thusetheltamleftl ayers f or
each of t : ' ' . ., Snake
NEgibh Hi; &lch Ebén@frr\]/t ey gé’ 51[ ’M‘Eﬂu ; A%gﬁﬁ%d%ﬂm{b@%@ﬁé#@fﬁe@& 9., S S

and conbs, z:}g}g}ﬂag via chains) ~have respec erent clone
| ayer 10engpldnedndmey bae praspetregion,ds shavor inddPodi ng to a length and wi dth of

t he respegh prod I 0Q4.1] In.cl.one TV | rs _hayi

substanti 3??43??t he 3%4"%@%@ I:S 0? H%o @?osﬁ%a{yl %ﬁ?e?esconflg?re‘ig‘@’ﬁ?%&ﬁtgﬂggpI urality

of test vehielfthe samye swbcldpyird@skd] hitchessppdific atririgemerit dfalys wbchipsisr anged in a
st,vehjcle, with the correspondi ng regions

I t sh h
T the of SheresyRran il hES TH i hammN ot ER g oA oL e Thus,
the top | aibA dndWNOB @fls @86bns) bANELI MriBin BRI WithdWPAedrGilth Pthe ifEBEnAAE Ot t OM

right region of each 10 clone TV may be a product region, as shown in FIG
2. [0042] drreedciremnéhg BY e Pshesregions cquid 8lserhg ind¢relanges. consi der ed substantial |y

the sane he sape.rSYDGHI . QEHHE"’ El’feaf%ﬁ LEi 'BfEft‘ﬁ? t of

t he subchi[0(5543?s_ di _??eefr en?QiI{r%?%%%ﬁdglﬁﬁ%ﬁef c 8§ne g&k%ﬁagﬁ In ﬁgﬁée]xarrpl e
of FIG 2T¥ férit¥seditsistoned infa datebaseMDhisatiows/DB> toefddnify » egradaimh acong thebe

I nterc hanqgeqltiWe& peg{‘ﬁ‘iesdo%q{tﬁgﬁtgsgintﬂbeeda'ta%géjer r’rAasttht.(a) Hatabase is populated by data

representing the artifacts measured with the clone TV’s, information on the correlation

20  can be fed back to change the design of at the product circuit pattern of at least one of the
products, Additionally, the results of fabricating the BEOL clone TVs can be fed back to
change a design of the one or more clone layers.

[0044] By being able to use the same or substantially the same clone TV floorplan
for a plurality of different product layouts, it is possible to make very efficient use of the

25 TV designer’s skills, and also to build up a large knowledge base on how the occurrence
of a particular defect in the clone TV can be traced back to an underlying artifact in the
product layers,

[0045] FIG. 2 is a layout of an exemplary clone TV floorplan, In the example, the
one or more clone layers Mx, Vx, Mx+1 have a plurality of regions. Each of the regions

30  ofthe one or more clone layers includes a respective plurality of structures from the
group consisting of clone test vehicle circuit patterns and clone test vehicle vias. It is

understood that there may be as few as one TV circuit pattern clone layer, if there are no



15 derived fromthe TV. O her regions could also be interchanges. [0043]
Preferably a list of the identified features or attributes of each BEQOL
clone TV fabricated is stored in a database. This allows one to identify a
correl ati onWPBAGFhe identified features or attributes iRCHEE/BRUbase.
As the database is popul ated by data Pepresenting the artifacts neasured
with the clone TV's, information on the correlation 20 can be fed back to
change the design of at the product circuit pattern of at |east one of the
product s. vieddieingohecked/in the&Vr dEtheregroyias, thenithaag isrmgnetaldaprdix belowéeTvs can
be fed bacgk ' f r nore clone |ayers. [0044] By
bei ng abl gllat%n%uagétﬂgﬂg&ggﬁg&y%u gyéngiv%q%gt he sanme clone TV fl oorpl an
for a plufeddefy of I thé examgle,thavel wretl2lchipe persfield in the prodsdtirkticle, bverlyitige very

efficient .use of the 5 TV.desi gner’ Ki and_al s 0 Ll a large
know edge lgé%‘?éﬁ trPaHSW fz'k}‘iléar(?d‘g‘i?ﬁ?%r‘i%gacgfoa’ﬁr‘ p%%f'?‘?ﬁ’l a2y n&%‘?érc?t%lgﬁofrﬁgl%cl one TV
can best r aaRd pBatdid i@y 88 prébéie i the Pbdastirbticds tFor Bxdhisle, thére thagibeldag,ces. [ 0045]
FIG 2 is a_layout of_ an exenplary cl ?ne TX Elﬁorgl aﬂ I n t(g exanpl e, the
one or o8 2@ FREPar dipld: dn e spesific parplef FIGa2 el fipldy atsras &Wéns. “Each of
thﬁr;ﬁg{ 3@@94@0 of {1SA GREMDIB HRIcRon® paifien FR¥RE HithMehstdasaR ALSBRALEYVE

pl tructures fromthe group consisting of clone test vehicle
circuit pduther helownggions VDA esd MIdhpEthe ong ergnore clong laygrsdere elergiesthat t here

03/ 075100 “SEEHPERNT G bt i et AR o T} ol e En A 0 TV o

t hen tiber doinsdadesiet diffeteatdistahdes,patl the paligroups far eastl ofi thsttiveregientsake | ayer Mk+1

above the vi.a | ayer. 046]..4n the example. there are 12 | field in
the produd Slﬁ@fel%&? E?Sp%ﬁg‘gélp'&ftjﬁedem fﬁmﬁp%gﬁh? Teglon & aﬁgo aiatf“ a‘giﬁec%lsbcfg%ﬂ?cal to'
each ot hefrespbiivelyatifferaiityboftitt Of thefregittemedsuiibledn eschaTitlpstwoatgibise | Thisvay be
present in the product reticle, For exanple, there %ge 4T , 16 or 20"
chi ps per featargaybg usgddoapndsr alf ge%mdgc@pb@p@negszurq }i@ef iYePs are as
fol I ows: d[«.gb%Zdm%@é‘r@eﬂ&iv,%@re@e@bm@a%%@mgl ons with dense netal. As
expl ained further bel ow,” regions MDA and MDB of the one or nore clone

| ayer $5ha\(@048] one t MEVA apd M WBeare clopepattepenegionnwith wade metel linesmielsp t o each
ot her but . et fr . ' k00, ' ' A

i ot ances, S Sype T UEASARRLDY ol B91204cHP LLALRUREL 68 oBortionl RUERINS (g i n
respect i veegionlbduhdarins by pitiféremidistakes MSA agd MSB mo clpe pattermkegicns wiithact s
beneat h

sparse metal density, and also include clone TV circuit pattems that are identical to each

other but offset from respective region boundaries by different distances.

20 [0049] VDA and VDB are clone pattern regions with high via density and high
metal density, and also include clone TV circuit patterns that are identical to each other
but offset from respective region boundaries by different distances. VSA is a clone
pattern region with sparse via density and sparse metal density. VWA is a clone pattern
region with sparse via density and high metal density (achieved using wide metal lines).

25  [0050] Lastly, two of the cells are labeled “PRODUCT”. In the PRODUCT cells,
the BEOL layers of the actual product pattern are formed. This allows correlation
between defects observed in the remaining 10 regions and defects observed (or not
observed) in the actual product.

[0051] FIGS. 3A-3C show three exemplary patterns that may be formed on the

30 metal layers of the clone TV layers. At least two of the regions in the one or more clone

layers include clone test vehicle circuit patterns having respectively different

combinations of metal density, line width and line spacing. .



respectively different portions of the region neasurable in each of the two
regions. This feature may be used to render all areas of product subchip
nmeasurabl e by the TV, as described further below, with reference to FIGS.
9A and 13A WOH3PEHAAB] MM and MAB are clone pattern regi oFENYOHORYe net al
lines, and also include clone TV circdit patterns that are identical to
each other but offset fromrespective region boundaries by different

di stances. MSA and MSB are clone pattern regions with sparse netal

density, dAeZl so i Abf oeRoraneaslopeylayeisdaye atdeest thren segions; ingludingyefitst cal to

R e e R R e L AN

densi ty aribhelspaping; ast¢cahd chgivn MW A, avVIWRWwith ainmxinude netad density, relatieelyt patterns

that are idgn}.i cal ,to.each Et her . but oftf.s t Irﬁgé‘& Bgct.' ve relgi on
boundar i "5 REPS A R Pg Rpauingi e & turdregion MSA BB 3t 4 i ¢ b

spar se5vi andsdriehdity, 8AghifRAY 1§ Wighdhnd¥emSiim IM¥epdcing? Cl one pattern region
with sparse via densjty _and high netal densltng,achl eved using w de netal
lines). 2899%d50] L&Y B! eattemssxplare the wigadigp gf alijprop leyen  t he
PRODUCT ¢ @laltéins whth eheBioflind] aXE@5:8refle faiBnepédimle &Y Pﬁhtetﬁglfa&&a%qii@. formed.

This allows correlation between defects observed remal ni ng 10
regi ons ard. geakeeqmb pasiems weeprovdedwith nerpinel metal) depsity Hehealsnsitylis PSBduct .
[ 0051] FI - /g€ be. d on the
50 metal 1y SRS TRISADZRS 1 I UK b OB wIFVBERETC 7T (e
one od0nohighaheialadentityy dibs demsityusl®8%) amd éhe Straticeisil 4106028, rRIGi 8C pracdudes ns
havi ng respectively. diff.erent conbi nations, of tal, densjt ine, wdth and
line spac is'ﬁ*’g‘.“‘vﬁ’ B%eﬁnfﬂgﬁpﬁ@?ﬁ@%gﬁ'/ gé‘@%@m%ls[o%s?}d t%ﬁéa%’&fé%él/ ﬁ%‘rse cl one
| ayers hawoe2g#l28/2.0s Mlthbughehs e@nldy clofi€ testieftle drchit patternd iaglu@n VDA, MDB

W dth and a nom nal 1ine

wth a nediymnetal density, a mnimumline ) .

spaci ng; énagﬁﬁ%ﬂlﬁlswg?%°mwmnwytbﬁ uée‘ﬂ‘ﬁilierﬁyﬁ_’ﬁer%‘it%lll?m@ilil%ﬁ?t%a& atively

wi de | i nesgheRfbeAitdioRBitctBuSRAY tRpatRAd Fr binile, 160 boedfiiAed WEB Wi th a

m ni nrum 5 et al densMé, a mnimumline width, and 'a m ninum|ine spacing.
av

[ 005315 O éebvirgndramder auy stveuisx pep be ueddn thetclong divi lepers forddentifiingiuct
der - 1S, W ' i bl
underiaye R'Fnaffga)s}ge ?i;l%l %@Pﬁt&%ﬁ?ﬂgﬁg{f c n%%g Me%lpﬁ‘&t{eﬁ{ % g 0SS! DI € on

upper neta . eco atterns are ovided with
nonm nal nEdQ8KM] densi Clone TNevialpattsmsexplordths interactidntofiell brdductamiderlaysr 0. 28/ 0. 28.

FIG 3B SrﬂgtY@nscxgﬂP th%%%linaﬁ)%&e trrérsnevﬁja&g]mgl\f)o%g’lb{eiorﬁ%%pgrovria layers. FIGS. 4A-

4C show additional clone patterns that can be used in at least two of the regions in the one

20  or more clone layers include clone test vehicle vias having respectively different
combinations of metal density and via density.

[0055] In the example, the one or more clone layers have at least three regions
(also shown in the floorpan 200, FIG. 2), including: a first region VDA, VDB (FIG. 4A)
with a relatively high metal density and a relatively high via density; a second region

25  VSA (FIG. 4B) with a relatively sparse metal density and a relatively sparse via density;
and a third region VWA (FIG. 4C) with a relatively high metal density and a relatively
sparse via density.

[0056] In the example of FIGS. 4A-4C, the clone layers include zigzag via chains,
wherein the vertical lines are in one layer, and the horizontal lines are in another layer.

30  Zigzag chains are described in U.S. Provisional Patent Application 60/307,398, which is
incorporated by reference herein in its entirety. Although zigzag chains are desirable,
alternative metal layers may be used for the metal layers in the via check regions of the
clone TV. For example, as shown in FIGS. 5A-5C, the metal layers Mx+1 and Mx above



10 high nmetal density. The density is 98% and the L/Sratio is 14.0/0. 28.
FIG 3C includes snakeconb patterns with sparse density. The density is
0.20, and the ratio of L/S 1/S2 is 0.28/0.28/2.0. A though the exenplary
clone test WOWPETA%ircuit patterns include snakeconb st rREd{UM¥ESDt her
patterns may be used in the clone net al? | ayers to investigate the three
di nensi onal effect caused by the pattern. For exanple, it is contenpl ated
that 15 Kelvin and Van der Pauw structures may he used in thde clone TV

| ayers f oand ilew tepinlgyeniar inay haviesllilines infhe s direption @2 opRo8ed Payer s caused

by the FEQL B5! gfq,,rs&'r Y8 5 1edi G0 AIna0log08nsk Viadlafa Balsh Blefle. PIPIsH dokhe

i nteracti 6% ayer - patterns wth the nomnal and
extrenme patdgionieBhasiap bpasseorasiynp eparsd metblaylEGs5C Fhoes. 2 1gion ME kaying addi ti onal
cl one patterns . that can be used in at |least two of the regions in the one
20 or nor &PEFNRE @Q%‘?sgnfeﬁ% ude clone test vehicle vias having respectively

di fferent {oo&sqpbi nat Feng 194 diggra ofdiescloreyT Vi nelicls layotieinsdge worrppondihg ton t he
exanpl e, the one or nore_claone _|layer % | eas hree reqi.ons (al so
Shown | EHGORIET PARSOBIC B G087, 5hn 8B, iRl g LOWEAEHTOE, Lo
(FIG 4A \ £ tively high netal density and a relatively high via
density; zgetl\s@!aegg%ﬁlt rng%;gl%on 25 VSA ‘gFI G 4B) with a relatively sparse, netal

density af@D58] r el at Fls7yhepatwodof pightypsteraups PGArem the¥DArreisgshaynapa (FI G
40) with atively i | ' i i a
densi ty. ?‘6‘3‘?6]}‘? Hyihdn E%nﬁ%ﬁé?@ﬁ&#“ﬁiﬁﬁ%‘?ﬂ‘% ﬁ%@%l%ﬁgx}ogi Roesal | Nde

zi gzagovi a phiralitpsf identivat gidgranpePGe Mhe padgroups s thertep layerare usedyferactughd t he

hori zontal . lines are. in.angther | r ' ' e [oed in
U, *provelerea eRa T R eaer ShELDY S aiEd B SR P EE B0 D,
r ef er ence stgederidas under test @UT)ronteyich ¢ ol Gzpagframge.clhas regioarhes a 2k r abl e,
alternative netal |ayers nmay be used for the netal |ayers in fhe ﬁia check
regi ons obmenefl0gushy-HQumpads & 130 itchy Aboke g belpvritegad 8B MASHY gt g
| ayers Mk+ THIEs. - exekid1aHa W the via
| ayer Vx ﬁé‘?%@%ﬁ]}?fqﬁl P\%@jﬁqﬁé ?ﬁe sang‘@gg%t%i{t%ﬁg%zs é%p%ggdd%t%o@ zi gzag) .
FI G 34 slimdsub-chipg) oaidedtidabvi ng dense vias and dense netal. FIG 5B shows

Pavi g sHOIRL i oo T Hhe Ken BRESS B G 2 gnd oSt 1201 7 YE
clone TV rghte€|FG. 8% Qhdws amgtiorcof thesticle dbmginirg antAveype lsoochipsanddiown in FI G
2. FIGS 78B s%g\\’avs g%bngsgar}d%ngaglogti&n%fjtge lsert}gl\évcggt%@ﬁnlgsa ﬁ)-ftypteggb-chip. FIGS. 9A
and 9B are schematic representations of type A and type B regions, respectively. Patterns
20  in A-type and B-type sub-chips are identical, but shifted lefUright of each other. A-type
chips (e.g., FIG. 8A) have empty space “E” at the LEFT side of the sub-chip. B-type
chips (e.g., FIG. 8B) have empty space “E” at the RIGHT side of the sub-chip. Because
artifacts in the product pattern beneath the pads cannot be measured in electrical test, the
pads in the A and B-type chips are located in different positions relative to the product
25  pattern lying underneath. Defects in some features of the pattern may only be measurable
in the A-type chip (because they lie beneath the pads in the B-type chip.) Defects in other
features of the pattern may only be measurable in the B-type chip (because they lie
beneath the pads in the A-type chip.) By including both types of chip in the floorplan,
defects in all parts of the product pattern may be measured. FIGS. 13A and 13B show
30  how the via sub-chip layouts in the A and B regions are related, in the same fashion as the
metal layers.
[0060] FIG. 10 shows the reticle image for the MDA and MDB type cells of
FIGS. 2 and 6. This cell includes a snake comb structure with dense metal. FIG. 11



reticle |layout imge. [0058] FIG 7 shows two (of eight) padgroups PG from
the MDA region shown in FIG 2. As shown in FIG 7, each region of a top
one of the one or nore clone layers has 10 a plurality of identical

padgr oups P 0¥PBIPadgr oups on the top layer are used for P&I{USE058¥%ct ri cal
tests following fabrication of the TV.11Exenpl ary padgroups PGin FIG 7
have 5-8 devices under test (DUT) on each side of a 2X16 padfrane. This

region has_a 2x16 array ofl 00m by-100m pads at 120: m pitch. Above and

bel ow t he shews thereticls inage farithe MSAangd MR bwewplls oGS hepd 6.nBuys €4l t he DUTSs.
Al DUTs w,t:hi co] r (png eGP hdenti cal .
[ 0059] FI &él{}%ﬁsb%% ﬁﬁ@@%ﬁé@%@ﬂ%ﬁﬂﬂ%% ﬁGA an8§lgﬁ}eype 'gu -chips are

rel ated. Fys ceBAoSRIEWE 2ang6r Thisrelbinchuides a wideahatalstmdtaien FG. Hshows thse

sub-chip, and FI G ws rrespand port i of the.reticle

cont ai ni ndeiemgs ol YER e VO RERORAT S8 SE i O sl b uiig

repr esént gﬂid ansteds. thcelhséshawd tHeytpticiGint g :fmﬂge Vseﬁp?@fmim%a anBa&! This nfs 20 ihn
A-type an ~-type sub-chips are i tical, but.shjfte ' eac
orhor. A ooty Bmean frichre, S Yo sous mrsey it orghe YA TRt om0l de
of the subFiGRi Pands.t YRS celbintlRgesddvia sthébre8B) have enpty space "E' at the
RI GHT side of the sub-chip. Because artifacts in the froduct pattern

beneat h t H80¢Jdds cadibpughcheexesmlasy clope EVees piretigle Wills 12 subnehipspads in the A
et a . Sk et ! _ et

55 pat ¢ or VG 1256Enli 8 BloRbongBdhs, LPOERLexBABI tRRFosh 85 Bl KakPas dhidell P00

only H® neegiom abpastitiominttieepraditey patterrhi Althongl thesmampleyndludes H2 ndeatitalt he pads

in the B-t hip.) .Defects i.n other features,of t tt may only be
reasur abl PPl PRk i Reodiel 1yt A0 e RIS A P B RE B RREREVIRce | 1t e
A-type chigveplieByespectiveth differontipiodueppstent at@hthgy thesat@r kidifkrpltansticaldef ect s i n
all parts of the product pattern maybe neasured. FIGS. 13A and 13B show 30
how t he vil&¥eub- chi p layouts in the A and B regions are related, in the

same fashifoms23s t he ThERIRWilgIBETatidnd A lbe Mdde 288Ut BlRpMSioh BetheRldne! € | mage
for the MDA and MDB type cells of FIGS. 2 and 6. This cell includes a

snake 18onth 6t FarciEM er owtical ingnsesiéonnipels) oneppbesrves the ipsgzedrfeehnitpe s limes/ 05959
11 shows tRe s e} lefaI SERYE t é}fsulfe%t %&@BE%@%&%&&A héfe&ﬂ&@&%{l 2 and 6.

This cell " includes sparse netal 1nh a sna structure. 2 shows
t he MA anbe MW\BAN bygriryaehlysis off obsér@S] defectses. Electiibil Claoe TV stmadturd dailuzeswi de
metal str Ys Igé{'%o%fneg.llgall gh% ogshegvve\% dtePe%ts (by SEM or optical means) are assumed to be

random defects, the overlay analysis can be used to exclude random defect-driven failures

20 from topography-related analysis for increased analysis sensitivity, If some defects are
found to be topography related, defect position can be used to localize defect and confirm
topography interactions. Defects found by SEM or optical inspection that do not correlate
with the electrical test are assumed to be random defects. The defects found by SEM or
optical inspection that do correlate with the electrical test “aggressor-victim’ pairs are

25  assumed to be three dimensional effects of interaction between layers.

[0063] For dark field inspection using a dark-field inspection tool with laser
scattering to detect particles or contrast differences on the surface of a wafer, one can
follow the normal recipe to detect gross topography related failures, or the sensitive
recipe to localize residual TaN in the clone TV for marginal topography related failures.

30 A typical" (or "normal") recipe used to inspect wafers is one which catches major defect
modes with a relatively low nuisance rate. Nuisance defects are either false defects (i.e.
the inspection "found" a defect, but it really wasn't there) or defects which have no

implication for yield and are not useful to detect (e.g., very slight film thickness




reticle image for the VDA and VDB type cells of FIGS. 2 and 6. This cell

I ncl udes dense 5 via structures. FIG 15 shows the reticle inage for the
VSA cell of FIGS. 2 and 6. This cell includes sparse via structures. FIG
16 shows thWOW0EPTSE% i nage for the VWA cell of FIGS. 2 af§TESOFRPY cel |

I ncludes wi de via structures. [0061] A hough the exenplary clone TV has a
reticle wwth 12 sub-chips overlying 12 identical product patterns, in

ot her exanples there can be as few as a single 10 re?i on or partition in
the produdiffysences) b "sansifier] gerinerie opscwhish és tmed tadwd sybtle, Barfde-dsiFctpr oduct
patterns i he val \; Iai e cl one
TV to ovéfra fe%{;ﬁg&)%scebggg%sta: @gﬁlﬁ%ﬁﬁ ré"ﬁez nI'Epé?’% 1§d5§%§:t1 &%zﬁg?gfta ngtgk (kasit g{rtle’t he sane
or a diff exesssive flgei defidcts drenasineces@0idpd prohisnt, bedaysd ovgrlapenalysistinatt® nay be

made about_inspection of the claone.1 E r..optical inspection

t ool s, oné‘sggéé’l‘)%if%tlﬂgn%‘&s LRFHER éZlg%IX%I {@fqeﬁ%@or@%@ TV lot. This

enabl es 011g0d4) ensulgs ukially Betepiable & nsenbxpasitiesracipedoconiaicdon withdes ki | |
the lot. An_overlay analysis of observed defects vs. .electrical C aone TV
struct ur e SPAV P‘iﬁﬁ%g‘at‘ﬁ%sd%ﬁ%ﬁffﬂm. tE"I’ S”E%F’ldt‘ﬂ%w&tﬁg’e‘?’%ﬂe‘a@? &lﬁ”?stfﬁ} M or
optical neRRRA EAER. TRAHUSEMIC] 6itlRe "oveARs MHRIFLRS @F DSA, FiiDeBeeSb@ye anal ysi s can
be used to exclude random defect-driven failures 20 fraom top%gr aphy-rel ated

anal ysi s fAftalysiie AbEe dulsedrsyc) wissis Slomsimopgh't(iye. nof hugsydhendt sdprokplle thabund ¢ o
be topogr g ek Gkﬁm&aovqﬂ Rife iR AR 1sheh® BnfcAlte RLraHE QefbiQn hiRGRhubER, def ect and
confirm topography Interactions. Defects found by SEM or opti cal

i nspedi onmbbsgrved drundefectonithslt strustureyi and an plgctaiceldail incthat strgetirear e assumed to

be random cts. e fect un ; . ' ' A t hat do
correl ate [W{ t he Eﬁgrf?% %g?agtt%%F lﬁjsggégﬁro gs%yéé%{sv F@f%ﬂrﬁﬁi} %eé?i{rézeggjﬁeéhgg assuned
to be thr egayidiBsietied il raafidre aiode.of "shot"ds o sxposubefisle efia bhgtelithogrpflié3] For
dark field inspecfjion usi dark-f.i el d ins jan tool wth |aser

scatteri ng?tquerd%rE‘t:‘éla{;B&? qrglgapg'gxngﬁuregﬁﬁ leushﬁﬁ‘ttrgn%@gr]ﬁﬁ%ﬁgedslﬂ%face of a
wef er, onexgéing 4 pateintilidletRHid¥Rin 4106/ dRRAPpAREH Gbrod 188 VafedPTI fRdy r el at ed
failures, or the sensitive remoge_ to localize residual TaN in the clone TV

for megi rgraltydpesst Hishy: singlenrednet dieidgyien so gwltple proget dfoarg designdinie )
reci pe Useﬁc&iﬁ e 101G RRE bxpdRl EfiSuliheOisy, WRkdeBrifPhe Bfte TRUL QY th@?éa?t%%nsiﬁ%des W th

a relatively 1ow nui sance rate. Nul sance defects are either false defects

(i.e. thendpsbeblyifestest bptiond” a defect, but it really wasn't there) or

(e o verlyS@ITGhe PRy Tsb BRiseRAbliE ol YKo e CitedrRab ot Ol syl o1

selecting iso, dense and nominal portions of shot. A "don't care" region is a way to tell the

20 inspection tool to ignore certain regions of each inspected die during a particular
inspection. Thus, if it is desired to have separate inspection recipes for sparse (i.€. iso)
areas of a die vs. dense areas of a die, one can configure the sparse recipe to put a "don't
care" over dense regions, and configure the dense recipe to put a "don't care" over the
sparse regions of the die. Then both inspection recipes are applied to the die on the wafer

25  and the results are merged later in software. This method results in a higher quality
overall inspection. This allows better sensitivity overall, but is slower than inspecting the
entire shot.

[0067] Another option is to inspect each of the 12 sub-die in separate inspections.
This allows the best sensitivity across all pattern variation. It probably involves the most

30 time consuming setup and slowest overall throughput. Because the reticle floorplan and

wafer shot pattern are the same as the product, it may be possible to perform some recipe

setup before the wafers arrive.



differences.) A "sensitive" recipe is one which is tuned to find subtle,
hard-to-detect defect nodes but has a high nuisance rate. Depending on the
signal to noise (S/IN) ratio, excessive false defects are not necessarily a
probl em be¥aU¥8TS§Per | ay anal ysis may be used to corr el atPETUHIES?
information with electrical failure i fMformation. 5 [0064] It is usually
acceptable to use the sensitive recipe in conjunction wwth software to

mat ch defects found_on_the dark fje i n tion with electrical .failures

ound  dulPuRR) E-t oot Miaan t diedarthads derPRES Soay e ymalfhl HRRRS B bebsn For
Def ect  SOWLLmded b Yevbi arkhs: t he fal se defect rate is "l ow enough” (i.e. not
huge), then it is Inprobable that all three of the followng arise in the

same strud@edg: a fal M@It@éermductswaﬂheu%idraﬁéh%?ﬂ.ﬁng hasis i dpEE ¢8R t r ue
defect 1N bRl ShLHE Uity Bithoih EhGating RonleRbdsck taddd Rhusghid pietibie. [ 0065]

There are ree 1nspection options. For exanple, ‘the entire shot
may be Si nsipsigise Goiner casasiomcasesia. thetbdustiay 'of wbatormamfpptgringrédesd id of a

phot ol i t hogr aphi t e nd. is al I " el d" or just
e el a, Rt & b i B BV in tap S i farilee BNBRM: End s T 113
row col umpighaitipaten dRasigsslovbebyvbeapecifidation foelagroductidesertheaivb potsitdger than a
singl e product die design, so nultipl rogyct die are designed.into a
single, ficalngr gAfes &xPBEASShaEs a’ﬁ%@@@(ggw HE’&BEPEOH&“FB%W@%ﬂP?S ot is the
| east sengifiiye priflcRcaPHRh ¥e EbBdRs etﬁ’d?}ixit@'a-ne{vQ:Qﬁﬁiesi%ﬂ,rwﬁ@@éldﬁélfa?ers

partitioning,” one can make thrée sets of "don't care” regions, selecting
i so, dénsarcanplinden tep of tense snsaificalty sslested produgiglgmplesar e region is a way to
tell the hnspechi ' Bl drdd Gk oS AfticRas bhovashRect ed
di e duri néagmgarti ctal g@@g@%&%%&gﬁ%ﬁﬁ érédﬁa%fa?s ‘desi relc? to hav’e separate
i nspect i orlanedaypesaré eensitive tetbe fopogaphysefjundent dng layérs Bagedony extragépnse ar eas of

a die, one can confiqure the spar i ! \ " over
dense regi63 ct:]m&q?lgyg ?yfbged}uéwt'tﬁg %Zer{éng%kg@le%@u?}géﬂu g%%?eé(g)or{'(ﬁl%ggcrt)e" over
the spar 9gyei€ IO s atchess déction dfilaperb ide vieve)idustrating théciomesptabeFlppl i ed to
the die on the wafer 25 and theqr sulis,,are nerged later in software. This

met hod'Sr e P BeTAWE TR 2S5 Tal ttep vy midjcaten alh aggressor PRmdiS # ows bet t er

sensi tivi gﬁocﬁl\é @eln thBUhay Stredt @¥BIont ﬁ?@rsj. NERA6kdr 1Y iktcatRRtvidten pitein [ 0067]
Anot her option 1s to inspect each of the 12 sub-die in separate

i nspect i oris a clonhilayen Whigsmexles aftested ¥4 pRdeylying aggresses PRI ™-pat t er n
R o kTR
pattern arpacidgst aive aasctinh elopg legrcas shpwn irlayere 2o l6| ¥4 dhisellowEm some
reci P& S eotp%llguapgvgsrtf%aﬁ&eo%}tn%; Saséy i['xiaﬁ%roduct layers in the third dimension with one
mask set of clone layers only,
[0072] The partially completed TV could be pulled from the process for each
A, V set to be tested and characterized. (Otherwise for a total continuous processing of
all levels, the pads would be at different levels for different sub-chips.) Then the other
25 levels on that sub-chip would are "dummied" out using appropriate masking.
Alternatively, different pad levels may be used on the same subchip.
[0073] Preferably, pads are available in all victim layers and stacked on top of
each other. So wafers can be pulled (from the production process) at whatever layer is
desired, and whatever pads are available at that point can be measured. There is no limit
30  to when the testing is done - either after all layers are built or after some (or at least one)

of the victim layers has been processed, which is the greatest flexibility.



WO 03/ 075190 PCT/ US03/05959 13 [0068] In addition to the methods descri bed
above the exenplary nethod can be expanded into several areas: [0069] 1.
Mil tiple products can be used as the underlying ba5|s to design cl one

| ayers. A pHPO#PHIWensity extraction can identify "corner PEIESE30P5%m

mul tiple product 5 designs. Corner cades are cases at the boundary of what
a nanufacturing process is known to be able to produce for functioning

chi ps. For tance, the | owest and the i ghest, patter al | oned by
t he speci f[p%ﬁ i on f dhed VooidilGc 7 *%Ié%’c'?‘?tﬁ%e‘{]ﬂ% yiuging th e&?ﬁﬁ%ﬁ‘%é’%@ Cor ner
case patt PG oSk r

mul tiple ?aggrﬁlgﬁ H%gthﬁt ﬁé gmggapgﬂgtp?%get her fbﬁﬁgﬁgé({]%f\%?%l p d\éésr?gn wher e
clone | ayen@rnl@ilﬁﬁ progpsingegentionsogmdgesting pedormsdci fi cal |y sel ect ed pr oduct
sanpl es. 7L 2. | PRl 85 Siohdly B VKol Ui Bl deatSosa 1S

rrentloned e’layers are sens opography of
under | \b ngfrdm;&mrmoce&mgelinmﬁeelalyem farmed, Mcclectrioahtestm@oﬂayanycmg un with a

Crone ot e Rinadhe Bhdsts B AGE SRl ob PAECH e Tv B hBng teRimea N ° 2

17A, the( o\ p“r@cwsﬁﬁgnﬁe fo&)t@hﬁletldﬂbi‘pl‘&bﬁsﬁ’fg foz‘\layd:rrsdl cates an aggressor
pattern (i

pr oduct patte t ha affect the, clone | ayers). The
Pt tor " VIOFIi cat odhiematiyty s aéq%mrﬁGnﬁy% thg bH&an gRtioal b TEHoNEYy b

af fect ed Wor@&eéﬁ?&&ﬁéﬂglﬁ%ﬁ&gfa?&%ﬁ fRatel Sl el&afezllﬂastm@lo%l 3 6dh des pOSSI bl e
by cutting out certain rae;gl ons”of the product and placing it inside a

vi cti mOcl cmefo sing:be p wzﬁthervmtlayeart@nﬁmladcr ¥ | The TV ean thew ke ehirnsds 20
optimal i Iayersmthethlrd
di mensi onq\é/{vl rg&gﬁlgélléf?{fog9§rﬂ§l¥:t1o%l%%ﬁ§ocle rféJ, y%%%ﬁf 072] The partially
conpl et ed [T807Aoul d Ferther| dsstown nm?ﬁéﬂp,rtheé‘yscah(optmmﬁy be femodved &bont the be

tested and _characteri erw.se .f ota nt i I ng of
all |evel é’,rocteﬁsén%)g f%ga?ﬁyax( g@ %Hnegiqn{,i §Hi°a\tt8§}81|gs°%? g u[éerpf%ﬁ@ ?5‘3 chi ps.)
Then the Qishlgrthék@dlsefﬁizlsnm pahtatnsiﬂuhyﬁm pl‘thIW ehrﬁhdallbmtlfmado tllf)wt us :j ng
appropri ate nmaski pg. ternatiyvely, . pad | evel s may be used on
the same JUPRERTRS I Px?q)@pgqmplpréqné}fgmcgss%&g 5§)avai lable in all victim
| ayers anf{o@iﬁCked AthoBgh PGS, @'ﬁ&h79tpﬁ’&ﬁde a?Pex‘éﬁabﬁroT aq&ﬂh%g%h} Q6nd from the
production process) at atever layer 1s desired, and whatever pads are
avai | abl e layers, may nysobertof elone lamernmas be uepd, With padsifor electtiakiestizatiapy when t he
testing 'Ssugéépgfthegfohpfa'ifez@fter all layers are built or after sone (or at
| east one

[0079] These intermediate testing steps may be performed in combination. For

20  example, clectrical testing may be performed afier levels 2, 3 and 5 but not 4. Testing
may be performed after layers 2, 4 and 5, but not 3. Other combinations of tests are also
contemplated.

[0080] 3. Customized Aggressor/Victim DOE (Design of Experiment). To explore
the process window, it is desirable to explore the 3-D (third dimension) layer yield impact

25  even before the first products are available for mass production. To do so, the aggressor
layers can be designed as part of the clone TV by "cloning" such product design attributes
as, for instance, pattern shapes and densities, that are to be used in future products.

[0081] Such a DOE is then be assembled to a clone TV as can be shown in FIG.
18. In FIG. 18, the letter “A” indicates an aggressor 3D-DOE layer, and the letter “V”

30 indicates a victim pattern in a clone layer., There is no limitation to the number of layers

that can be mixed as aggressor and victim layers.

[0082] FIG. 19 is a flow chart diagram of an exemplary method.




of the victimlayers has been processed, which is the greatest flexibility.
WO 03/ 075190 PCT/ US03/ 05959 14 [0074] The TV of FIG 17A can be tested

el ectrically using the pads of the victim patterns on the to Ias\éer.

Opt i onaIIy,WQHé(O"é?%cessi ng can be stopped after any of se\?girﬁ‘%”:’m 59

i nt ernedi ate processi ng operations, and testi ng perforned. [0075] For
exanple, as showmn in FIG 17B, the TV can optionally be renoved 5 fromthe

processing line after layer 4 is forped, a lectrical testing of |ayer 4
can be pg(?qgé} med udt fgp 190, ﬁmlwu%t?ﬂsggp%1§§915ﬁ%%m?eﬁ ) glpo # The TV

can then L8t WEHeductd.0 the processing line for conpletion of processing
for IayerB?.I F%gfg? lﬁternati vely, as shown in FIG 17C, the TV can

opt i onal | Y0U8é] r emov &distep 1903, defe ajgrolecta fyn pitsseveligle having RFommonse o1 npd,

and el ectri.cal st i.ng. Of be 10 perfornmed using the pads of
the victi ﬁ?%‘&?‘i% ?lrgt}llaglsﬁlasfl&e?o\f%c@ﬁe V can then be returned to the

pr ocessi ngodsishe f or Acetepll 904, adetefmipativnésmadgwhéthsrehase dreaatecs )in the0077]
Further, as shown in FIG 17D, _the TV can.optiona renpyved .f.romt he
processi n§laof |1?é’35§f°cfgi‘e tesfyehicls. Fénofd(g}_%&}'e %?Hgé’éf?ﬁhé%égﬁotaé%i |W§d£§r | ayer 2
can be penrfiopseulatifibd@tt he pads of the victimpatterns in layer 2. The TV

can then be returned to the 15 processjng lihe for ,gon:[i),l tion of processing
(1 ayers 31898611 00781\ Hep H%%H‘elﬂﬁt%‘?tsﬁl'fiﬁ %‘?{‘? VoY e %Htﬂlgianpl e of a TV

havi ng f Oi?osﬁg one |A@¥t%? $90E(he EUHREM B protied Bayerther causitte Befedts Bkhe Wi t h
pads for ectrical testing at any subset of the clone |layers. [0079]

These 1i0nt etame diysrseare identifing. st eps may be performed in combination. For 20
exanpl e, rical [ t-&hit JaB¥&iS i BindRskip but
not 4. Te {)@r%i) nay‘b‘ttt)gé%é?g)dr mﬁ?@fﬁggg@s& IF&Etﬂ;n 5, Iﬁ%atc no?’g’& Q her
conbi nat i fthedfyer &xtred aver thitsrcuicmtterip elypdd. [ 0080] 3. Custoni zed
Aggressor/Victim Desj f riment)., To expl.ore ..t ocess

Wi ndow, it[()(?gg’5 des%ﬁé@ﬁg%ﬁﬁﬁtﬁggﬁﬁﬁ ?‘6%‘(%1?‘8@‘ i&fﬁgﬁ%lfitgg%y IJé’iyer yield

i ”PgCt  25@eanveehesereithifs id sidéd raatitubhse. are avail able for nass

producti on.

To do so, the aggressor |ayers can be designed,as part of the
cl one v B9090¢| oni ndt stepdhl P%Welaﬁgg?@ﬂn%ﬁ‘?:}?%‘ﬁffﬁ’é la‘g’é‘ﬁe ‘or instance,
pattern S@ﬂ@ﬂ? and deegh 1bEs theldd@blaBbibis Y bRk UEE thel desikhl bEThE cPmaRUCt S.

[ 0081] Su a’'DOE is then be assenbled to a clone TV as can be shown in

FIG ~ 18. clarefuyers, i@ enhapeernent pbthe BROL ¢lencigsteshisls: aggr essor 3D- DOE | ayer,
and the letter "V

[0092] Although the invention has been described in terms of exemplary

20 embodiments, it is not limited thereto. Rather, the appended claim should be construed
broadly, to include other variants and embodiments of the invention, which may be made
by those skilled in the art without departing from the scope and range of equivalents of

the invention.



30 indicates a victimpattern in a clone layer.. There is no limtation to
t he nunber of |ayers that can be m xed as aggressor and victimlayers.
[0082] FIG 19 is a flow chart diagramof an exenplary nethod. WO 03/ 075190
PCT/ US03/ 05%993/075%90] 0083] At step 1900, a | oop includi ng FCEPSIHEIP. 1910 i s
performed for each of a plurality of lﬁroducts. [0084] At step 1902, data
are collected froma test vehicle having a cormon set of clone |ayers that
is used for each product. 5 [0085] At step 1904, a determ nation is nmade
whet herl t WWha igglaimgdfiicts in the clone layers of the test vehicle. If no
defects are found, steps 1906-1910 are skipped for this particular
product. [0086]. At step 1906, the artifacts in the clone | ayers are

i denti f4 ed: [ Od@Btept VRHICE, EQUARE: t he features in the product |ayer that

cause tshe def egf fadtdnt pRdudiQayel Rivend AY@ktondpeodudicdiicuft ipetern [HREBE] At step
1910, the tendency of the product circuit pattern ttg inépact thia ield of
the | ayler for mete aymerediene layerciormedypyer e productiaygrythe gne pIgBFSCIoRF st ep

1912, & | il?}%eésg clhﬁﬁbﬁg)%??%tpggswe dﬁ;oﬂl %&uﬂ%siﬂi &F dneltddy ®étiicle f or med

over those ures®i In a database. 15 [0090] At step 1914, any
correl & i asircaitpattprisend fckome tesewehide vident i fi ed. [0091] At step 1916, the

correlgtion is fed.back into t.he desi : : , for
enhancelrent of HECTREGPIEFNGT ST PERPT I{}éér% :agﬁétsﬁ{'%ég%ﬁ) ﬁ?&%ﬁq#ﬁgyﬂg?ﬁventi on
has been dagedtolsd teidchey oftheprodue oiptut patt2e: te dropabt wieht of a succeedingdayet i i t ed
thereto. Rather, the appended ¢l ai mshauld be construed broadly, to

i ncl ude ottAée fWﬁ&ﬁ?rstﬁ‘gmglé‘f’rﬁgﬁf‘W’? IBpr‘Hﬁ'cﬁ' nvention, which may be made

by those skilled in the art w thout departing fromthe scope and range of
equi val ents of _ the inventian. 03075190 PCT/ U at is
clai med i s> 2 hejest 839598#38%}/}0‘@8%‘# ang PR gg%t°§%§/a{ ?%tgage%%%ﬁlc | ayer
havi ng At |1easénsPeRnRE dUEE ol 6Tk dnephidos ¢lofidieyaoincluding a respective

3 plurality of structures from the group consisting of clone test vehicle circuit patterns and

4  clone test vehicle vias.

1 3 The test vehicle of claim 2, wherein each region of a top one of the one or more

2 clone layers has a plurality of identical padgroups.

1 4 The test vehicle of claim 3, wherein each padgroup is associated with a plurality

2 of devices under test.

5. The test vehicle of claim 2, wherein two of regions of the one or more clone layers
have clone test vehicle circuit patterns that are identical to each other but offset from
respective region boundaries by different distances, and the padgroups for each of the two
regions are positioned in respectively different portions of the region, so as to make

artifacts beneath respectively different portions of the region measurable in each of the

A v kW N~

two regions.

6. The test vehicle of claim 2, wherein at least two of the regions in the one or more

—

2 clone layers include clone test vehicle circuit patterns having respectively different

3 combinations of metal density, line width and line spacing.




4 one or nore clone layers forned over the product |ayer, the one or nore
clone 5 layers including a plurality of structures fromthe group
consisting of clone test vehicle 6 circuit patterns and clone test vehicle
vias, 7 wheVepHO®BH® presence of one or _nore defects in t h&CEASIHI Y pr e
clone layers is an 8 indicator of a ﬂéndency of the product circuit
pattern to inpact yield of a succeeding |layer 9 to be forned over the
product circuit pattern in a product. 1 2. The test vehicle of claim1,
wherein the one or nore clone layers have a plurality 2 of regions, each
of the regi.ons Tk tésheekicie obelaimn6,evieramthelctope test vehidledirowt ratteras pebidpve 3
plurality of strgctures fromthe group consisting of clone test vehicle
ci rcui t2 paPKACHLD SHECMES.c| one test vehicle vias. 1 3. The test vehicle of
claim2, wherein each region of a top one of the one or nore 2 clone

I h I lity .of | tical N f
e sy, Pl ot o BB b PR o one B R BB © 0,
under testthred régionkiictudidg: vehicl e of claim 2, wherein two of regions of the

I | ay, ..2 hay I t est hicle. cir.cuit t1 t hat
are i dehti cal toEHEHOBIYEe BRI G den s BBRIOE N BG F BB ndar i es

by diff@relmesggcsﬁge’mces, and t he padgroups for each of the two 4 regions
are positioned in respectively different porti o?s_ of t, e,re%‘ipﬁn, so as to
make 5 Grti f actasependgasinn wadraasinenyndaldeasiypelatgely A ies 2fe r egi on
measur abl e_| & : two regions. 1 6. The test vehicle of claim 2,
wher ei ?at%@?qgﬁgﬁ%ﬁﬁﬁ%@regi ons in the one or nore 2 clone |ayers

i ncl ude7 cl one  taethird vegidrcwith e ininigium petek density, havihimpm Espwidh,wad g different 3
conbi naj i ons., of tal density, line wwdth and |ine spacing. WO 03/075190
PCT/ US /ﬁ%ﬁmﬁefpa’ﬁmgrhe test vehicle of claim6, wherein the clone test
vehicle circuit patterns include 2 snakeconb structures. 1 8. The test
vehi cl e, of ,cl ai [ I ast 2
Vhree rhgins. THarIPRGE B ehif 2Nl aTBiE R B WBlES b MENE, S mbRe . 2
m ni mun2 | i ¢lenedhykrkinaivde alone restredhicledvids hagingpespesttyelysdifercntcwmbinaighorf with a

maxi nrum net al ensi t .relatively wide lines and a
mgtal gen%%y a.r}&’vm 3en31ty. y

1 10.  The test vehicle of claim 9, wherein the one or more clone layers have at least

2 three regions, including:

3 a first region with a relatively high metal density and a relatively high via density;
4 a second region with a relatively sparse metal density and a relatively sparse via
5  density; and

6 a third region with a relatively high metal density and a relatively sparse via

7  density.

1 11.  The test vehicle of claim 1, wherein the clone layers include zigzag via chains.

1 12. A method for analyzing a circuit pattern, comprising the steps of:

2 (a) collecting data from a test vehicle, including:

3 at least one product layer having at least one product circuit pattern

4 thereon, and

5 one or more clone layers formed over the product layer, the one or more
6 clone layers including a plurality of structures from the group consisting of clone
7 test vehicle circuit patterns and clone test vehicle vias;



6 mnimumline spacing; and 7 a third region wwth a mnimum netal density,
amnnmmline wwdth, and a 8 mninumline spacing. 1 9. The test vehicle
of claim2, wherein at |east two of the regions in the one or nore 2 clone
| ayers i nclWee381stMe t est vehicle vias having respectivel YCHUSPHIEM

conbi nations of 3 metal density and Wa density. 1 10. The test vehicle of
claim9, wherein the one or nore clone |ayers have at least 2 three
regions, including: 3 a first region with arelatjv IX hi gh netal density
and a r&l aft)veldetexmiping whethe e of more egecgsé'le%pmsqr%&tgﬁ ‘ﬁn?fef PRtively
spar se @Etﬁ&ergensi ty and a relatively sparse via 5 density; and 6 a third

region with”a relatively high nmetal density and a relat] veqlsy s(?ar e via 7
densi t 0 1(c11. amkkyzingsttendsheyofdheprodycs pisquit pafiprayte impachyicld of 3SUeCsEEnS

i ncl ude, zi gz i hal ns. t o8 YBdsB@oftiel rCUi t pattern,
conpri } ngﬁ?'%go éf’ goﬁglegp O&éh%%sba%%ﬁrg%tdaﬁég{ndgt Pdfara%%/n a tgst vehi cl e,

i ncl uding: dderaiindtieasf stopéb)pr oduct | ayer having at | east one product circuit
pattern 4 thereon, and 5 one or nore clone |ayers formed over the product
| ayer, the one or nore 6 clone layers including a plurality of structures
fromthe gitdbup Tersetbod ofrlain 12, wherein7 test vehicle circuit patterns and

cl one test vehicgle. vias; 03/ 075190 PCT/ . et erm ni ng
whet herf one or @yH’éfdgg%/\lgerétﬁjgmﬁroreles%rnrf&i-grﬁy%%gé %ﬁ%%%’rm #%rogleéf%)lﬁ% 9 | ayers;
10 (c) mnatlydd Bgers dn@ndency of the product circuit pattern to inpact yield

of a succeedin 1 ayer to be forned over.the oduct circuit ternin
a produtt, bas g”'&%é) ’lt“ﬁ %iszlda%tlf&nﬁiaﬁ%?'frg Ar %“bélpeeﬁq%%ﬁrf’&&ct iaé/gr ﬁf{?‘ltec aﬁ%% hod of
claim 12, Waehebimore 48 (PPropalateifioshd st nioyé slendRgersy. nore specific
artifacts 1n the one or nore cl one layers; and 4 step (c) includes
identifying a feature or attribute of the product |ayer that causes

1 14.  The method of claim 13, further comprising:

2 performing steps (a) through (c) for each of a plurality of products, each having a
3 respective product layer, wherein the same or substantially the same clone layers are used
4

when step (a) is performed for respectively different product layers.

—

15.  The method of claim 14, further comprising storing a list of the identified features

2 or atiributes in a database,

1 16. The method of claim 15, further comprising:

2 identifying a correlation among the identified features or attributes in the database.

1 17. The method of claim 16, further comprising feeding back information on the
2 correlation to change a design of at the product circuit pattern of at least one of the

3 products,

18.  The method of claim 16, further comprising feeding back information on the
correlation to change a design of the one or more clone layers.

19.  In a method for designing or fabricating a plurality of different test vehicles, the
improvement comprising designing or fabricating the plurality of test vehicles, so that:

each test vehicle has a respectively different product layer having at least one

B W N = N

product circuit pattern thereon;




5 the one or nore artifacts to propagate into the one or nore cl one

| ayers). 1 14. The nmethod of claim 13, further conprising: 2 performng
steps (a) through (c) for each of a plurality of products each haV| ng a 3
respect i ve WO OHWSIN ayer, wherein the same or substantial PETUSEYSH% cl one
| ayers are used 4 when step (a) is péfforned for respectively d|fferent
product layers. 1 15. The rret hod of claim 14, further conprising storing a

list of_the identjfied f 2 but tabase 1 16. Th
ot hod B ol ai MR SRSOI eOR B PR FIEEe SPRRTE 75 PR KB S %Bn  among

the ideyti inbﬁc&lcfneqﬁy&seiﬁclaamgbymauy BBsthubtubddGrofaiha pasi®. codsidtihg ofbRneet hod of
claim 16, further rising feeding back i.nformation on the 2 correlation
to chanbe ﬁstd’é%lp’gr?lréﬁltHQ“W“BPBEB&“@P&Y@S B tern of at |least one of the
3 produgts. 1 1§ oxy]% A8tk laﬁﬂe &@eﬁlu%d%;&chBPﬁlE%ﬁfralﬁg’ Gpﬂifﬁkdﬁgtegteﬁﬁicfbg back
|nformat|on on th correlation to change a desigh of the one or nore

cl one |%yesrs thebarh® or substantiadhyltbelsdma: desi gning or fabricating a plurality of
different test vehicles, the 2 inprovenent conprising designing or
fabricating the pl urality of test vehicl es, so that: 3 each test vehicle
has a rksp2t i vBieynethed Céﬂmlﬁsﬁmﬂi@tCOFIWémghaw ng at |east one 4 product
circuit,pattern ayf@% est

vehi cl e2 has oned‘%a'lrills?1 Iﬁﬁ)%“’h%/eg iF glr%%odgggry t %)e(r&ggﬁgt ﬁ?f@?ﬁ%ﬁgéone or
nor e cl dnelayay ef ench st vahiclg aadpl ural ity of structures fromthe group

consi sting of clone. te ircuit ns_and cl gne test vehicle
vi as; ZdeS t heanﬁﬁém@ratﬁ%ggcyc&;eﬁ@j ?rg%} glrwétg(%ﬁ?rg‘? gﬁ%ﬁ%pg‘feﬁt(ﬁg plurality of
di f f er ent hiRGdeditighiyek esbe ﬁnﬁécﬁo\teh&le@mctmﬁrcﬁwbatmmiﬂ aaprbgmdt Hesedamehe 1 20.

The nethod of claim 19, further EC)‘% ﬁl n er n| n fPhek one or
mor e def ectgerainatign of theprespnaeiod defies gyt cE,IIS‘B F‘@eS NREEH St est

vehi cl e7 a{ﬁdeaél}%@weﬁlzcleljg a tendency of each product CI rcuit pattern to
i npact yield a 5 succeeding layer to be formed over the product circuit

pattern in a product, based on the 6 determ nation of the presence of

del;]eclt S1i natf.he B MetBbd SLASHATY, vhbleih thdEloselaPers fsrrRact ehitke plurafityi af tesach t est
vehi cl e.
2 vehicles have common structures, and respectively different clone layer length and clone

3 layer width corresponding to a length and width of the respective product layers.

22.  The method of claim 19, wherein the clone layers for each of the plurality of test
vehicles are divided into a plurality of regions arranged in a common layout shared by

each test vehicle, the corresponding regions in the clone layers of each test vehicle having

HBWNN -

common structures.

23. A method for analyzing a plurality of circuit patterns, comprising the steps of:

(a) forming a first clone layer over a product layer, the first clone layers including a
plurality of structures from the group consisting of clone test vehicle circuit patterns and
clone test vehicle vias;

(b)  determining whether one or more defects are present in the first clone layer caused
by artifacts in the product layer;

(c)  forming a second clone layer over the first clone layer; and

(d  determining whether one or more defects are present in the second clone layer

O 0 ~J O W S W N =

caused by artifacts in the product layer or the first clone layer.



1 21. The nmethod of claim 19, wherein the clone layers for each of the
plurality of test 2 vehicles have commobn structures, and respectively
different clone layer length and clone 3 layer width corresponding to a

| engt h and WPd#8/M758%0 t he respective product layers. 1 22. R/GEIIEY of
claim 19, wherein the clone layers for¥each of the plurality of test 2
vehicles are divided into a plurality of regions arranged in a conmon

| ayout shared by 3 each test vehicle, the corresponding regions in the

cl one |l ayers of each test vehicle having 4 common structures. 1 23. A

met hod for 2dnal ¥ié mgthad pf claim 23, ywhefeircthe productdayer endhfirst enshsseonsliclanet he st eps

of: 2 (&) formno a fiyst I [ r I jrst clone
| ayers ?nclflaaraﬁm%eg]gglugec{ﬂn&rt%t ?’F@GIS?%&?tgaéﬁluar%g&%gggﬁé?ﬁéﬁeygrg (5)%18& ggtr}%]% sting of
cl one t@st coepdising® circuit patterns and 4 clone test vehicle vias; 5 (b)
determ ni ng whet her ., one or r efects are present in the first ¢lone

| ayer chused 6PV ??fétt‘é%%"rf’ 1?-% PO efg’f tegting Aftef BtFMai’ga“ second
clone | gyer ovefenirhghhd 18ét vehieReo hRYedcessaipding b@ﬁweeﬁl@teﬁr(?' dﬁh@@pgé).et her one
or nore defects are present in the second clone |ayer caused by
artifacts in the product |ayer or the first clone layer. WO 03/075190

PCT/ US03/ 05959 20 1 24. The nmethod of claim 23, wherein the product | ayer
and first and second clone 2 layers are included in a test vehicle
fabricated in a processing line, the method further 3 conprising: 4
removing the test vehicle fromthe processing line for testing after step
(a); and 5 returning the test vehicle to the processing |ine between step
(b) and step (c).



