Consol i dated specification as at 11 May 2006 BACK END OF LI NE CLONE TEST
VEHI CLE [0001] This .application clainms the benefit of U S. Pr ovi si onal

Pat ent Application 60/360,304, filed Fe rua ich.i

i ncorporated by reference hereininits g "t‘té‘??pe lfocﬁt%l ﬁﬁtgﬂi@'ﬁ‘l‘WTI ON

[0002] The present invention fabrication of integrated circuits generally,

‘and nore specifically to methods of characterizing defects that inpact

waf er yield, and their causes. 10 BACKGROUND OF THE | NVENTION [0003] In the

‘past two decades, sophBACKJIANR OBIBIROE O/ EEENFEVEALEN the techniques to

eval uate defects that affect the yield of integrated circuits. These
systens include yield nodels generated in conjunction with the design of

test vehi pioes] (TV) Tiedppliddiohagdimk IRMRLMIE TN, Pl iRsRUPSehtQppasdioni el d

enhancement of an int egrat ed circuit manufacturing process. cept for the
measur emef¥/3e,3 0% filed diebgnm 285 200% wdich i§ Inowipormied bytreference kgeiaimitut i 1 i zed to

-eval uag e QII (;,ts 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) levels through the results of 20

electrical testing. For the case of the identification of defects on a

single layer through opti ca[[*"IB]nE/QﬁTHEéNN’LEmﬂI@NeCt ron m croscope (SEM

i nspectio hni g L diffi redi c arti a di scovered
on ani nspE0 fj | aye erﬁrﬁsﬁfl %H?Bglhﬂc tl“E‘rc’f?l% C}rﬁ“‘ HETCTR W above
it. That bsecifidlijitd xﬁ&ﬁ@ﬁtdfenaraa&ﬂﬁﬂgdﬁ%&@fmﬁ m{pacﬂ»&dﬁaﬂyhém dﬁﬂ'ﬂ!\@rcad&fs ects
within the layer that is i nspected.” 25 [0005] U.S. Provisional Patent

Appl i é8tion No. 60/316,317, filed August 31, 2001, which is incorporated

char act er | 26 the i nt er act PAYer P DN BE TR REIRERNC: s "W Chi n adj acent

(vertical J000&Yers rBitht pabt two dad&SORPRIstiCABRSERAR hetedtiobalt imehani cal

pol i shi ng pr.oce g .geonetri es. 000 i s_desirabl e that

t he next - é%%ﬁ‘ﬁ g §vepaty a"et]P%I—'-" thstiaitect theoreld P@lng’ @]0913@9}% e %Séﬁ%?qlﬁ ties

art1 fact o R mtel g RS ALgu ik B SRl bR e (R i on as

at 11 lmy fadigiete 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 TV’s, the prior art does not disclose how to identify

- the detailed interaction -of defects-in adjacent (vertical) levels-through the results of

20 e;lectrical 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

_mext layer aboveit. 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.



2 SUMWMARY OF THE | NVENTI ON [ 0007] One aspect of the present invention is a

test vehicle, conprising at |east one product Iayer havi ng at | east one

product circuit pattern thereon, and on f or over
the product |ayer. The one or nore clon Opifﬁ;‘gv@gsﬁ%‘:lng‘ﬂﬁo’éa atpll LMQYE&% |
structures fromthe group consisting of clone test vehicle circuit patterns
and clone test vehicle vial. The pres@nce of one or nore defects in the one
or nore clone layers is an indicator of a tendency of the product circuit
pattern to inpact yield of a succeeding |layer to be fornmed over the
product circuit pattern |nSEN@ﬁABﬁk®FT}ﬁ&ﬂE§% her aspect of the

i nventio a net hod for i gning.or fabri L a5addst y of
di fferen'ﬁopigt vehi e@épecfﬁﬁggﬁeﬁﬁgeiﬁmlg\?geﬁ%%%&eaCO&kp%gséldesfgm ng or
fabricatigg prdtictla ?lériﬂaifﬁl aPIfeastt ehé pr‘éﬂﬂdt%lréﬁt S@eri theton, @ad md @seorgehi cl e has

a respectively ditferent product |ayer haV| ng at | east one]gi roduct circuit
pattern tﬁem@@}’fsrs frarshd pesstthe prednc layeh dhemme opmopplencd SRR 5 #s over the

d f
S et e B R e e S b

patterns apgde f%'st%ﬁicieeﬁés \'I%Qg»%séndé'cﬁ%ne andole R 1e0i36n Qi o bemetcarmel ayers used
for each of the pluralit ferent test vehicles are the sane or

subst ant i hlyty it dveindiaater oi[z(lﬁﬁkgahcﬁnﬁimherodastpmmtnt pitiethie impeeliisidft 3 s a net hod
for analyzin

| ur circuit tierns L stqufd one | ayer is '
f or med ov@’rccgedﬁ'l'ggﬁmtc"’%%’ ed%tW?Prgg‘R’?FBﬂJétHagﬁr‘%apl nc 'lUde a plurality of
struct ur epogogpm t heAﬂBtﬂbkpasg&'@ Sf Bk i@nGin &laGREhdERE desiiting @ fabricatng 2 20
patterns and clone test vehicle vias. A determ nation_ is nmade whether one

or noi@ ghraldy of differept testevshiclen, invéigh the improweracnt araprises (6B} ar ti f act s
in the pr Saeq{ng t}ﬁgité B‘lﬁzﬁ’t%o nd cLet%ﬂSer a%yeeachkeitxﬁe‘ﬂ{c@soavr@épe&%lf' rst clone

Iayer one or nore fects are present in

t he secondﬁfdr@ﬂ@rddwﬁayﬁalumg abmasabht p@aha cirbuit petterrphedunteataiper or the
first clone |ayer. 25 BRI EF DESCRI PTI ON OF THE WNGS 001%%&1 %S 1A is a
cross secVPBRkIhag PREPIFROTE Cloge 1aYEH Q¥er ﬁlelﬁﬂ%ﬂk“’%lﬁhe e PRGQF o6ne TV

oo S B AR ottt et
[ 00 12]15 FI @att@ms helelondiestiviehiotepliasn and tha nnempﬂea;&guems wted i owp S ng 12
plurality of different test vehicles are the same or substantially the same.
[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
inchude 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 oI More defects are preselj.f 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.
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[0013] FIGS. 3A-3C show three conbinations of netal patterns having
different nmetal density and line w dt 0014], FI 4A- AC t e via
test cells having respectively differ en@OI{SEB&Pé%% §“Q5‘\‘asr?éﬁéxxvad’eﬂ@gty and
via density in zigzag patterns. 5 [0015] FIGS. 5A—5C show three via test
cells having respectively different c¢onbinations of netal density and via
density in straight |line connecting patterns. [0016] FIG 6 is a di agram
show ng t eticl yout corresponding to the floor an o

[0017] FI I@ﬁh %é(ﬁgl HB3Crvhow flase cmaanairons pfansiainallpg L%V%‘iif%‘fm FIG 2. 10
[0018] FIGS 1%@@@ B y how the layout of the clone TV netal |ayer
circuit |saoffslé Zt\?veen the sub-chip 1 and sub-chip 2. [0019] FIG 9Cis
an enl.ar ggf4)i ew ofF1@SdeX-4( shotv thieEviad8t clBYRChg FsEStivalg-differahow enl ar ged

details of the reticle layout of FIG 2, [0021] FIG 13A shows how the
| ayout of CQIWI%“%’{OB“F]@Wa\ﬁf’amﬂé@f@rw%ii"rném’fnﬁlézaéf’?-tms 15 between the sub-chip

'l and & 2 tail of FIG
13A [0025@90(5 §@§6§%§§§R§x§§e§ lagg‘it%a}ﬁ %ﬁg{%ggrg'?llyﬁﬁgﬁayout of FIG
2. [0024] chhiiinatibridof imetal daneisp aisedib HaRritpin andhhiie @xeapingapyitdBOL cl one TV
havi ng CR@gﬂallty of upper | ayers, each of which has hoth @ gressor and
victim pal 2F 1006257 dipgres showmetherstishdayontaosicsratiined® ¥eps in the
fabricati @g,af ?9@'\4 of FIG 17A wherein the nost recently deposited

| ayer at eac ernmedi ate step has both aggressor and victimpatterns.

[ 0026] FI (WO1TB i s aFIGS03s8Asand BBshef faatndshdthetrytsle ByoBEOFIGIDne TV for a
three i onal yi i mpact _desi gn_on exper.i 2 19 is
- exdftpl S0 Bhet hodF et SRR @0 e R B HOR HeGToREY PRSI FHESBET Al LED
- DESCRI PTI €N\ iR 0¢eBdrcch e %ea%g LAYEY E%t&?éjz pertains to the fabrication of

integrated cifcuits, nore part cularly to nethods that characterize
and quant RN asseBIGoBC st puetlargatl view of a detail of FIG. 9B.

- 10020] FIGS. 10-12 show enlarged defails of the reticle layout of FIG. 2
[0021] - FIG.13A 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 af 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 (vertidal) layer

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



features that propagate defects through their interaction with an adjacent
(vertical) layer within the multi-levels of integrated circuit structures.
The exanpl e provides a gateway Consolidated ecification as gt 11 2006
4 to three-dinensional neasurenents of glppﬁf&i?igﬁeégpqc}ﬁgtlepﬁ%gﬁlﬁ May ¢ t hat
result in killer defects in subsequently deposited pattern |ayers. [0029]
This exenplary method uses geonetrical pattern variables of one level (the
"clone layer") that interact with an actual product |ayer imredi ately bel ow
the clone 5 layer. This technique can identify specific structural features
(" aggr es doilyte-dipfentitral moasnchmodntd efjsémctiteain Tereuit pettrre thabresdt B K0 a gi ven

suscepti (tagg eonetrica @etatt.ern corit ained in the TV clone | ayer vari abl es.
In some Gl M SRseueRY RGP e BYHit | ayer mmy not be neasurable in a

singl e- | gpgsojt est h%ieﬁé@%ﬁg&?ﬁ%@orﬁ&ﬁéﬁ ferf ®HaBRs ofBRene(the

indirectly throug ein efect ©in the clone | ayer abovelthe
ar ti f act .“cle[[9e8Dihatinteeachmithemiastudmodich gerbminedi atehy eHowtlschleds a desi gn

of shaqrt flow_JVs _that can address_the effect of.a multifu of structural

f eat ures B8t ggﬁéﬁ’h?lﬂ“???éugﬁﬁ% SRSGHFRINE 'élfesl(a%ﬁé‘re?oéﬁé Ogﬁ%& that can

create d Wl : b : L : i gases in the
B8 1a\9¢;rttﬂat raa@ufaluéé (ﬁﬁﬁ?m‘?& %Eg’?xﬁéelgke?{g{}g@%gﬁé&bﬂ%'aﬂ

| ayer above 1t. "I n general, e an al so 'use TV designs
with el ectontaiedd it &stTeepablayértwaritbles vl sume easas) dn gridat if the pFeiegidayes

structural 15 features.on a.given product | ayer that gjive rise to defects

on the neRfY pidedresyr %P@a#%%le-lwgmsw%lq,ﬁ%&hﬁﬁ%g aﬁte(i*apiygd fromthe

testing : ] Y| 1 L i @Fact.he
%e%ﬁl&d%&ﬁ?ﬂ%ﬁ%@ﬂé ifhldy c?ef#hﬁﬁstl[lézt%%e ik REGH 1A afifac

i dentifi ect w respect to its location), tan be used to produce a
yi el dlOrod@03ahd yi Anleyampd Gideamibey btlowmwhickt freduras e designsefchort APwIAG i ons,

for any desjred,.t | ayer interconnection ence_ Wt hi ien

nul ti-I ay@\a{ ?%3&6?%5%83%?“1‘85? P“itftflﬂl%?fﬁth@?m?g%? ant&}ngg?nn‘ﬁth?% | B show
Cross sec{romat) it Wyetf and R thitQAn efea@le Ry Wthal ¥ multictde cfipossbldV. FIG | A
shows a BEOL clone 100 TV having TV netal checks. FIG __|B shows ;ivaEO_

cl one TV ZeongiHeal psesTir the leyerrbeKe itTHa sexawlpihaseyangother EVs My A0 W& Hised to

eval uate | -of 0 . r I of
subsequen%ig%ﬁla%%@m%Ettcgg%hg ﬁg%g{‘/@&r)‘%‘&@‘{hég @%ﬁ%@@ﬁf%{r}%& wafers. In
t he difgr émure2dn Ofivéd $eddudt fayenthad Bive BEGo defectonh tiegbxoprocességyer-Mheand M- |
are | ayers (t_heééfpr oduct . | ayers") 101, 151 deposited in the copcl%ﬁr (Cu)
_damascene§HEne Owoarﬂ%t%ﬁlonb trsting of thy BV | (eqnepmitaRisTihaPOR R, vx and

o B SR T SRR A0 b By et st T
~ yield model and yield prediction system in the case of such interactions, for any desired

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 pattems 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 pattems.



the rel ated sem conductor product fabrication processes. The clone patterns
102, 152 are 30 fabricated using the sane BEOL fabrication processes used

for the sane product. But the clone |ayer t rns. d ned
to enable identification and anal ysis of °H8 tﬁ‘gSpeﬁl'f{b-cgéWb %fl?é\g%yc?@(ig
product cirfcuit patterns in the M and, Mk-1 |ayers cause artifacts in
| ayers deposited over the product patt%rns Consol i dated specification as
at 11 May 2006 [0032] The overlay can be used to diagnose nmjor Cu

i nter connf@gﬁn topo raphy issues, For exanple, the overJay is used to
study iso e andIhE0WeBH Gandes Ysat tefingnoss maet Gu ITeRInACtIR ADOSEPE al

(i th o paspor Beble BRI T TN Subp BbeRE pl DR bRk B B 58 71 o
nei ghbor hebidctpat bash iaend netabrienturesT Ths tdrectivoidente” pRab thst chast patjerise tine in

fabricatiaon e.test vehicle. Product lots are split before any via
(Vx) fabri@ E%’F&GWE EWB]&%%E%"ébYaIPf‘ég hbegiog) ﬁ’@odenﬁa@ﬁa@%thawgeneé%%ﬂqni%d

Pr ef er gbl Xl’el Cﬁﬂdﬁgﬁ‘l én@ﬁ%%eﬂtsﬂﬁ? Ef,lclntn 1&5%:9[ cg!:l@ %%R—:qﬁ' fa%@gatfo‘ﬁs'[ cel |

regi ons, over rrespon ricated to

det er m ne dfltie teétfvembls Bfodhtteo@rawhp@t baaieta@wﬁ (\m) ﬂa‘ﬂ@ca‘ﬁ@ﬁ@t&cb@eﬁrﬁ uctures in
the 10 clone. | ayers. For exa ag oxi mately 300m by-300m test cell

regi ons maFriRENCd, Sapltsiape logall &i@fei Béﬂ’@ N@ﬂuﬂfda)f@ﬂlbﬂ@@ﬂltfoﬂ%d @i zed

appr oxi mat %&9? r To optim ze
test tine 1@&;%6 au ljcgtlrgg@%{t %? (%g{ql' \%g%h%cﬁecoﬁép%%m%d?ne‘l’g‘g&ﬁ I?Scc;aﬁxr eadi |y

identify tihricatedde datfmibetheetacte efme%d@cwlﬁtterﬂﬁﬁﬁ ftﬁ@?eo@ﬁhmiucﬁli‘@ﬁﬁﬂic As
shown 1| n F G 1A Mfe test vehicle 100 conprises at ast_ one oduct 15
| ayer 0 FEd_c’Ilel\}r"L3"‘3I of FXarpple, t?&P?Or’f@m%FFlYI3@9&%’@"8&80!&4‘16‘%1‘&%?11 R?EPBW*FY Gttern

t hereon. (aed thh%foﬁe E&&E?o I\ﬁ%@&i&t Mg 312\%1 ’aPé}%ﬁ}n)lte ﬁﬁdﬁﬁl Ryes the

pr oduct Ia(\i&g are neta ers on circuit
pat t.erns 518 aé‘ bI/ 3e@rtaary'é¢ optomizaitest hgre we. dsult locatingtiot mgp qua:irdheatrmssklﬂn the M

and- Mk+1 | cl one ers VX, I\/k+1 i ncl ude a
plurality %%é%@ﬂﬁ'é@enp@%? &8%‘?%@3%68?1561&:% VesRaHAME6 % one test vehicle 20
circuit pdo0RINS (nﬁiﬁho@ﬁ%ﬁkﬂ 120 thSie@RBhibRID0 ¥ShhitdeS aMe@AS ond RO&AL | N
FIGS. |A and 1B, the | ayer may contain the contacts of the first Cu

darrasc‘éne IFXVéFEO%hM&hMarB wéhn@@g@ﬂlew onmpngémcémqwstaﬁemh@rm r@REQr pattern
bel Th di el.ect d | LD
el ot el o 15 4 U A4 L B B L0

Al ternati lexyl atdvaeth layoay eontdiniyg bﬁcmhpat&ﬁﬁOWlQ@wﬁ%&Eémﬂﬁﬁﬁgme | ayer, in
whi ch case is connected to the metal |ayer belowit by “copper._filled

vias. In t%meﬁgﬂ& RifEReiohe Mx anddvisek biversc Shpe onmese elonelayery 8% Whe M- 1
Mx+1 include a plurality of structures from the group consisting of clone test vehicle

20 circuit patterns (metal checks) and clone test vehicle vias.

10034] InFIGS. 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

Mx-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



| ayer woul d al so be a dielectric layer. In the exanple of FIGS. | A and 113,
the clone TV |l ayers 102, 152 correspond to representative |ayers of the Cu
damascene process, but one of ordinary skill. in the.art can readi

devel op clone TV patterns for other BE OQ?PIISF‘@@@B%%@@UPBG%%HIIWJ@}’IEQ/PQ est
vehicle is fabricated including the | qwer (product) layers 101, 151 plus
the upper (clone TV) layers 102, 152, the presence of one or nore defects
in the one or nore clone layers is an indicator of a tendency of the

product ¢jircui tern to consol.idated, specification as at »2006 6
pact yiopalo oA elebita R e Do BeStRe et ButteRBafia it B Fou
pattern ipfoduct I'Eak, a pro&d tat has ThYISamAFFOOMNE bnd PBL1 flesudt Mgy eangy tEOL, M
and Mk-1 product |ayers may be expected to have the same types of

arti f act $xipréed to havanibe pane BEoloflagjierts vhre thiaponil BEDL lakens aprdopssitcle
artif.act i he .cl.one TV | s. 5 [0036] An exenplary nethod
for anal 31%%%1”?%5&@?#%0%%5&?@3pﬁnggl?;pcr\,(?%e:'g\?ﬁaﬁgrsst Eaps Lf col | e(r:r}t)i ngydat a

(throggh [edxsIt 1 i calAd embRG) mbheM G n8RbinY @Rireliepat@h cok@fiset thelstegd ng at
| east one product |ayer 101, 151 having at | east one product circuit

pattern toepBesting defd (thonveh electmoalgestinghEotnaytest yelidz 100,950f mchadingdber t he

product | th e of clon | ayers jncluding.a plurality of
 Struct ur 4 PRI I g0 e birtnar terl Seake et B gt L 1
patt er ns oaB@r GlodNeoheBlerY ¢, 452 fothRA ovér t4EeHRUML MR, Ak dre dTREG M@t her one
or nore defects are present in the one or nore cClone |ayers. This can

i ncl ude ilaveRs ioeliding aierality of storatursp ity the gramp consistisg phelphe tesieehisle mor e

a1 a0 eateit pa i nd e SA0 LIGR  BRAA E Te PO e el 6 B Ml 1 T
product clefexts dre presére ith bn@oPhodutine 1dyerd) ThRGaR hellde idiaiti€ying oad oron. Thi's

anal ysi s ‘can igcgéude i dentifying a feature or attribute of the product

| ayer thdROCSRERNC Ractsin thsODgEF B105¢ BIPRREYYSt 0 propagate into the one or

nmore cl gpgsfayers. ~ I 1N tgader oduct

| ayer th;[t. is] not Onlgagsaﬁgﬁglrégh?%e %&gﬁ%}cw F%%n?dehg?&%/ce t?’% gf,nqgté@g%se It does

not’ causeyigldfodialsueceeding talyer tpbe darated dvawythe piddaet|circuiNpatiern fred poductt he

artifact .in the product |la .can_cause _.a_ detectahl e defect in. 20 the

ol ond Ty T PE B O R R Pl o 76 i ey g e fS P er PR R he
1baleB) R the Lot A6 forni ng

met hod  of th pRIdu6Ehy e ehat ORBehe BRE @r:ﬂ&&%‘ﬁfact@?&éx%? :
one or nore clone TV |ayers may be perfornmed for each of a plurality of

pr oduct s, clerlaygs.oBurcxangle; thgreanaelspacartifiet iprtixeprotuct layer that is not f
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 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 sare 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 incluede the same gurnber 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, MWEB, 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 TVs.



| ayer, with the sane or substantially the sane clone | ayers being used for
each of a 25 plurality of respectively different product |ayers. [0039] As

used herein, clone layers 102, 152 may cqnsj der ed..subst ant j

same when the clone layers include the ggﬁgﬁﬁék%épmﬁﬁc‘QBPBHEf€$%§ﬂb@§ per
field, and the regions in each set of’clone |ayers have the sane types of
patterns. For exanple two clone TV floorplans 200 woul d be consi dered
substantially the same if both have 12 chips 30 per field, including MDA

VDB, NBA, [Q0BB] MnA, Invidie TWDIayeiyDByiny Stbstaihally thaseng dapory thelvlohe aeser ns,  as
shown in FH .G The clone | ayers of _the two TV s

2 d descrihe el o
woul d be C%ﬁg‘f%‘&?@%ﬂg@&%ﬁﬁqu 16l Ry ecommen AHCtIgs (R 19609 BAGPRbaNd
wi dt h of tihead|gt i : i
speci fi cat 1!%0 nE’r as %},‘P%ﬁ%&%ﬁ%&%@%ﬂﬁ@ﬁhﬁégﬁlé%ign%y%g%@é'a avl:&lgeglayer
subst ant i ¥ndth coirespendies toalongth abdieidth ofithelrespedtive pfodnctdapdrs.of the plurality
of test vehi.cles haye . co structures (e.g., snakes and conbs, zigzag
vi a ch%i nqu’ﬁ)ut naay‘ %%RFW Eaé'ﬁ’@é‘la?’%lskibsﬂﬁnlnﬁﬁ)‘@ﬁﬁaf&? tspreuty Bgstong #ygish and
cl one | ay@ir caty it [ I . At Qfe .t he respective
pr oduct Ia;fg?s. 5 ‘E‘g%ﬁ%??ﬁeﬁvgﬁéfe%}ﬁﬁ’%?@ﬁgwr??l‘%%%’?%ﬁ% atl y the sane
| ayout, t A@angediea beymos laybotrshewd byehcH fost vehisleatvith theabrtgmhdinghégidies may be
di vi ded |§H@ a, plurality C%Lt regll;ﬁon arranged in a conmon | ayout shared by
each t est TBRCEONE lvgrs o cqhdegts] %;@ﬁ’ﬂ'ﬁﬁ@?ﬂ%iswmﬁnm%ﬂ’@lt%@ﬁl ayers of
each test repdyi @ﬂe@.c}h@Mh@ﬂvmﬁmﬁgﬁg{ot%ﬁ%nﬁﬂy&mwﬁ%;}Qgi&l%f each €91 on of

each clone TV may be an MDA'regi on, ottomriy egl on of each 10
cl onelfyv Eiepe BY mapboapoductaetion as sisowhoiIG. 2. FI G 2. [ 0042] The cl one

| ayers of TV s -al sp_be nsidered substantially the  sa if the
sane subcm(}gg] are ugg%?k’%%@y‘frﬁgggﬁetﬁfﬁ Iﬁ‘a%éF% ﬁ%‘ﬁ?rcgﬁullsf?é‘t%@bggi ps is

di f f er ent sime Hahdsaale subehifd 08 asel Vb thel PesificiafatdeeRrGHTRE &uefipFisG 2, the

| ocati ons the MDA and MDB cells (r.eglim%ns) coul d be interchanged.w t hout

degr adi ng EFEet 3 gAchef thsielons 106 Faes, i Srnexeraplaof FIG. Rethedeylionsofdloul d al so
be int N f i tified.feat ur
ottr bt en oRRd NOE s (RACE) A b8 Shanlln ool AFMARE T HERRHAES T

al | owd5 onéetivedi fkem tlief TV aOtiwe regfictisiconldasong ihteRhadedgnt i fied features or
t he  dat abase is popul ated by data

?te|to; Ieg (l;tn_te i%dgﬂa thgea?? }q%egrg}?lg -aﬂgségm‘éﬂieﬁﬁlﬁﬁi fenlares popiebmesof epdir BEGRI®A on the
Ciroui t part o neap B EEn RS, R bl e ALy oA O REE, o s
of fabri céadaniiged fraBECIL aftibutes iBe datmbase Aetheldamlasegs populated by data
Tepresenting the artifacts measured with the clone TV’s, information on the correlation
20 canbe fed back to change the design of at the product cirouit 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. Bach of the regions
30 of the 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. Ttis

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




change a design of the one or nore clone |layers. [0044] By being able to
use the sanme-or substantially the sane clone TV floorplan for a plurality
of different product layouts, it is possible.to, nmake very efficie se of
the 25 TV designer's skills, and al so anﬁﬁfl?tﬁd thy© ICF“é‘?%%?‘ %ﬁgwgggg@%base
on how the occurrence of a particulargdefect in the clone TV can be traced
‘back to an underlying artifact in the product |layers. [0045] FIG 2 is a

| ayout of an exenplary clone TV floorplan. In the exanple, the one or nore

cl one layers .M,, VX + ave.,a plur.al it f | atwihe regions
30701t nesRetEpelEr ST Y Beie Ul b B SR MET A S
structurem a‘naqmthaqngmqg)&br@@ﬁqi@bk@glea,ﬁa1@y@ne test vehicle circuit patterns
and clone test vehicle vias. It is understood,that there.r{ay bgyias few as
~one TV cl0W8]t pat Incthp exdneme thes ave, 12 chipstper Belé ethp ro8ypSEH A B S

i fi [ t 11 May .2006 ' [ | e th
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| ayer s Mk¢hiRBevgld hyve ?rés@fw the [pRO#R] relifle! Rer cxxmple, therethey &e 482142 chi ps

per field in"the product reticle, overl ylFrgg 12 product pa{g& erns that are
i dent i calorf chips herdididrin thivspeviSic examplentiFEar2, B 13reldsare ey RIO¥S chi bs per

field ' d icle. 23 be 4,
5, 16 or 19978 ps AIPARRLNDR ot clite defbiniefon 0 SHRVRIRY, HICHRATRY 15 4

fiel ds argriBg veRW, 8Sons NIOB4AH MDA sk deBr afoee clbaslay@ahberdonedgitons wi t h
dense.netal . As explained further below, regions MDA and of the one or

more cl orwehickyrcyit palesnethairse idestical (eerck bheebut offset Fom TSPHEYE R % o

i dent.i.cal e f f ' ' hesindari es by
i1 A en RS By Bl e B R e B e e e ar <

posi t i onggbsitnedmpegitvelydidefchepativnpafihé mpisnpdo ashemabypdifactsengght o make

artifacts beneath  respectively different portion f, t.he reqj asur abl e
in each JrsRaqHvelyaificest B%Pﬂgﬂﬁge rff%"d’c?ﬂ?”é"ﬁﬁli I%Eact?}sogahett&'orrgcﬁlggér?n% _areas.
of produ &&E@' Tuc@Shelfls Sebdvbile byfieEs, abel ow, with
referencgfetao &B@B%ﬁéﬁ%ﬁ?%}@%%és{bg&% cM/\Ar’kglﬁd MAB ar ejdcl one pattern

r egi ons widshrivddderthertbalow, iwithsefesonde & BGS. PAchdddAcl one TV circuit patterns
that are |j ical t ac er_but offset from.respect.i | A%
bpundbsrie@%gg]‘ di ff _%&@%&é@%&%_ﬁa FoRISRS X7 V@ﬁ%ﬁl&*ﬁ‘é?ﬁ%%?‘%ir_egi ons

Wi th  spapgsidaRioab Tdedsdltbatt@AsAL $@ iddhGbd dedeh ofer B cffserfrom rpspeetirens t hat
are identical to each other but offset fromrespective region bOLﬁgdarJ es
by di f f er mgionchaandarize by different distances. MSA and MSB are clone pattern Tegions wi

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

. other but offset from respective region boundaries by different distances.

20 [0049] VDA and VDB are clone pattem regions with high via density and high
metal density, and also include clone TV circuit patterns that are identical to each ofher
but offset from respective region boundaries by different distances. VSA is a clone
pattern region with sparse via density and sparse metal density. VWA isa clone patfemn
region with sparse via density and high metal .dcnsity (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 pattemns having respectively different

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



20 [0049] VDA and VDB are clone pattern regions with high via density and
high nmetal density, and al so include cl one TV circuit patterns t hat are
identical to each other but offset fro chive f\rﬁag Olﬁg\% g&gﬁ
different distances. VSA is a clone 8-:}0 F‘Sé?%‘??‘ ﬂngi)% §Y a'densi ty
and sparse netal density. VWA is a clone pattern region with sparse via
density and high netal density (achieved using wide netal |ines). 25 [0050]
Lastly, two of the cells are | abeled "PRODUCT". In the PRODUCT cells; the
BEQL | aydP8523f t he The bumdr morediie 1paid lewve ablesst f}maferreglons]'mcmda:igl oVisst

correl ati_on def ects observ I n the, remai.ning egi ons. and

def ect s 583‘8513@3%%\6@&%9%@& ?aﬁlsttﬁé HEHIEN HBE ¥ eﬂf’itm{ 7 F s,
3A-3C shawe NIISVB nmet al

| ayers ofﬁ% ﬁgﬁcgf%%é%%hﬁ{%oﬁ W i1 eas @{htm&“ﬁ Igét%lng E‘%ﬁﬁw{s e one or
nor e cl orweide linyward aimiclude lint greeinee sid v tividebgorchiSayMSBatih e misinhavi ng
‘respe t|veltﬁ l%Infferent conpi natj ons of netal density, line width and |ine.
spaci Lot f ayniapEL g Width,gRd aanigmum [ingapgcingoe 9 [0052] The one or
nore clo yers region
DA, NDB%‘;“*% e %P*g%ﬁﬁé%%rﬁ% B e A Ak AR el [0

l'i ne spagiatiginsavithehoneinsgindrexiviie pwwns\/pdsmba ofRyspermmstalesals. deliGt y,
relativel de I{ nes and a m}@qdnum | i ne spaci ng; and g third regl on NBA,
VBB with SRp PafterRs ap PRAVEAEAMIth novinal eirhdensiy. WhaRRsIEA0-20 mi ni mum

line Spacdrﬂghe L%t% is9. W28 \/Ff@t?:@ %B%E%ﬂ%f&@ffﬁ%ﬁﬁ HREwidtifkagd:! on of all
product underl ayer patterns wth e nom na extrenme patterns possible
on upder high metdldgmrts TheddBkiBy 13918)% aﬂdaieddﬁrﬁtmpaﬁ# G,fOr&S &6. PC ovlwfesl wi t h

‘nom nal .. IThe den 0,50, an S rati 28/ 0. 28.
Fe "3p omeRoriatib uib Sattvesersitu The deraie Bliaesarube wstntaf st

density. Gﬁeoaemtmmoﬁoﬁﬁ%:ex 1&@@10134, st @l du%m% at%@s R8udd! G 3C

i ncl udes. akeconb patterns Wi sparse density. density is 0.20, and

the rati o'S @P‘-ﬂ? Siwstzfeisssoth@pzﬂms mbe@sedalntﬂmww mm layesislinveptigdione t est
veht ol & Cinb bl oRRhLEARSALATLINE by SOASTEON S LEMGHITES po SLABR AT s Y

be used in lI"ayers nensi onal

ef fects c alis]edl dnd VinadepBinive stiuctires m@y Baﬂkeﬂ,m itie cﬂcﬁwWIa%@ Ifatigehtithiag 15
Kel vin and Van der, Payw structures nay be used in the clone TV |l ayers for

i dent i fyi YRRUQRT indine gpdh iy the BFROIayers qapsediby teeBOL agitars laysissed by t he FEOL
pattern | gosss. [Ooél%lle VAL &pRH R i BrabRR o2 ﬁp%]ﬁlc{ ﬁﬁd%flgfetr' on, of

al | product underl aye
patterns with the nommal and extreme patterns possible on upper via layers. FIGS. 4A-

4C show additional clone pattemns 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 felaﬁvely 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-5 C, the metal layers Mx+1 and Mx above




patterns with the nom nal and extreme patterns possible on upper via
| ayers. FIGS. 4A- 4C show additional clone patterns that can be used in at

| east two of the regions in the one 20.0r re.clone l.ayers .i.nclu | one
test vehicle vias having respectively dlcgflﬁo:]@ﬁttedég?%*%gf’?{%%t %mﬁ%?@&
density and via density. [0055] In thg exanple, the one or nore clone '

| ayers have at |east three regions (also shown in the floorpan 200, FIG
2), including: a first region VDA, VDB (FIG 4A) wth a relatively high

tal densit d | atively high, vi ity jon 25 VSA
(711G ampdpavin crioroe poubared inse dn Baner fedad AP aF R T, S par ce

via dens 'z?é?? . S Slldch o0 YR Mol ddnCviad bdd dhid il SG1SW Shomehi gh

met al den atively sparse via density. [0056]_ 1n the exanple of
FI GS. 4Az4€gioh VB ielvinesphisy eias andeplatsd enezdl g FHG. S0 dhowh airgeson Vihe'88n t he
vertical lines are in one |ayer, and the horizontal |ines are in another

| ayer. 30PZsgragarddanpemaidk described in U S. Provisional Patent
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may be ushefibeiplahkBowirdlIG. 2y BIGS.i Ty SADEB Vilal Timiché- Yeehpwriistads of W ¢l one TV.
For exanple, as shown in FIGS. 5A-5C, the netal |ayers Mk+1 and N x above

Consol i dacBeledgyertiimagat i on as at 11 May 2006 10 and bel ow the via |ayer Vx

may have | i nes }r%a[% LG POPR&E 8¢ MDA ®pigadgwn il G 5A
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regi on VBRI, NG shpah $€FIG. dscehdegmaszatopenabf the bE: orswreisong 1ayersdiifon Ve

havi n sparse. vias anpd. dense a 5 [0057] E ' ' f the

cl one?OI'V ?-péjcuif%ltiéo IdgRiisel I?aﬁlg’?j’épggér LergﬁBﬁ{ﬁ“ﬁ‘@’S%%‘ tﬁ‘%ﬁg?afb)lmgagrga gﬁggﬁfﬁpﬁ in FIG

2. FIGs o 5 V ' AbroliheP G 1eFICE [7Tdhavay out
%]gcéfi’é%&ﬁ%% f?ilgﬁﬂnés I ch?f&aﬁé‘n d6ns TOVRdahRatySparotifiel you

i mge. [O wo (of ei ghté E)adgroups PG f[o%h% A region
shown i n. 5f davices umier seoUT)renmach site ok 2K 16 pasifismeoThis T9e0P B é the one

| has 10.a plurality pf identj.cal Th
pacior oups 5e phEtDpyr e aneloltpi RrorsBEpUER mEPRYBImBRY OO0
fabricati %&Pg{ﬂggaé@wﬂﬁ/rolﬁig RRAAL YadPBOTE QUPBTAE vithik {hiSexdmplatypadgro8psievi ces

under test on each sSide of a 2X16 padfranme. This region has a 2x16
ar r ay 16f | ¢amksop-chip@yupattatiedl. 120: m pi tch. Above and bel ow the pad array is

gg Ztr:oly ar ;TE%&? gﬁgg F\fby}%}{, %ﬁt, bR%nh bﬁ%ﬁo&tv%o%vqge Rilis t‘%é siMigpsrt hi n the
related. FIG. 8A shows a portion of the reticle containing an A-type sub-chip, and FIG.
8B shows a corresponding portion of the reficle containing a B-type sub-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 lef/right 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  patiern lying undemeath. 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] RIG. 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




15 (and sub-chips) are identical. [0059] FIGS. 8A, 8B, 9A and 9B show how
the A and B type sub-chips are related. FIG 8A shows a portion of the
reticle containing an A-type sub-chip, and FEl SB.shows a rres i ng
- portion of the reticle containing a B—tgﬁgsoiﬁ%-e@ﬁ?eﬁﬁcﬁﬁ%@@j? I\Q%B@%dare
schematic representations of type A alid type B regions, respectively.
Patterns 20 in A-type and B-type sub-chips are identical, but shifted
left/right of each other. A-type chips (e.g., FIG 8A) have enpty space
"E' at thESOWERE refideindge fivahs MSAChidMSB-tippells 64HI0S. § endl6., THsCell SB) have
enpty spﬁﬁﬁ "B" at the RICGHI side of the sub-chip. Because _artifacts in
C

t he product u%%?@?%%@h%%@%@‘%ﬁ@c%%n@@- beshrsadhe MAVAEMYEr i cal test,
the padstypicdiles Ai@Nd By mcéanw@de@ aha8akLEed g@ﬁﬁkgygg‘g {fg s}lﬂﬁ&'s%érgns

relative to the product 25 pattern Iyl ng undernea
f eat ur es I§hicle frmagsefot the VIayndDP type ool FEGE. @ ant 6. Thie cl inghdecdiinge (because

.th ld h [ he B-t. hi p..) Def ' h f

L1y 1§  BERSRL PSES L0 A1 See COLp J DEEcts o slfer entures
b th t i [ - P 1 ' i n t hip i
peneath i padesiut ek 16210 B AL, ROL LR Bl g 1
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and B re gag are r Iatedt in the sanme fashion as the netal |ayers. [0060]
FIG 10 s the refioeshiiecxeapiantclenel Ybas aistclpiih \subslipss of FI GS. 2
and 6. ThéwrioRlk!121ia ksl (ﬁ% ] t FIG 11
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netal in ke.conb . structure. FIG 12 0 th nd MMB type cell
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the retioletlid nmgeectiody HiFRrePHroans p!%llzltaé Biethef &lelstmObr ﬁ tiffRerert v&iidaib. Thi s

cell includes dense 5 via structures. Fl 15 shows the reticle inage for

t he VSA cérel of FIGS. 2 and 6. This cell includes sparse via structures.

FIG 16 s the rgtj | r the.V WA.cell of FEIGS..2 and 6. This
cell incl @ggﬁ;} wi de @%elafsgﬁ% tggegféagioflﬁ%)_[ ema%gﬁfahmﬁm%ﬁgagﬁﬁlﬁgf ®clone TV
has aly et T€l EonBEM drdpticddirsbéduion (o0l ohy bb@red tHedREdline Ak febfi Attt ddstet €r NS,
i n ot her ﬁgg@l@;there can be as few as a single 10 region or partition

in the prt qnablgs ong tp IFBergh thefeo sva ApReexpesésdreedpm defpelomedes &1l product
Patterns B 1dth AaRSvRAKE bnol Yt Sbsdrfed RS BE&HESTIGRTY SEbdmRlrildlés Cf One

Tvito is performed. If all the observed defects (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 sensifivity. If some defects are
found to be topography related, defect position can be used to localize defect and confirm
topography inferactions. 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 (Le.
the inspection "found" a defect, but it really wasn't there) or defects which have no

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



overlie a respectively different product pattern at either the sane or a

different vertical Ilevel. [0062] The foll ow ng observations nay be made
about inspection of the clone 15 TV. Fop, SEM.or .optical. ins ti.on l's,
one observes the baseline defectivity iﬁoﬁsoi{lldgﬁgsgeﬁﬁcia P asrﬁiel(si Mﬁ‘é%(lt) s one
to ensure that no new or unexpected rgpdom defect nodes kill the lot. An

overlay anal ysis of observed defects vs. electrical Clone TV structure
failures is perforned. If all the observed defects (by SEM or optical

means) ar d,t.0 be. andom def ect t he ,over | nal ysi an be used
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maj or | gef i .a-relatively. .l ow nuis e | sance defects.
e ot heiionspliRl i3 Wbkt if e fBlebite b B PRSP B B el 0t ot ¢
real Iy wafd06t])t her efhert atbek Babishied igpetidnpions. TR kiaaile,ale &tire stoel d and

are not useful .to detect (e.qg., velrl%iosnl ight filmthickness Consoljdated
speci f i cafiPeaRspatied 1 iepdprymode- e "ot Tis pamexpesyre Aeldod gpbpiolithograghicne | s
one Whi chgiesSnd:URds afdo Bt o &8s t: E a ut has a
hi gh nui sgr?g%_’rat e.S D%pe&lj iaﬁgpﬁjr?gtnﬁgﬁg?goﬁlgfsg%eqﬁoi%g& egf%aj@g{élég?

excessi ve erpissg apfttent muliple tinots (ecesdeslinhy paitenpdrk@pthebedan The Goldns ay

| ysij be. d to. te.inli i nf ti ith electrical
Fai | und i AP bisesh e apingieproquct fie drsigm: oyl prodietdie gre SRl ns ¢ ve
reci pe inaGoipd RS M eMiokdd siﬁﬁﬁﬁd@f@géi??/.h?]gg&?i%gt@eénﬁféﬁo{@@me% séd3givear k

field inspection with electrical nd during E-test. This is
cal | ed ei eadprobeblyrthsigst eptionysi s* or DSA, for Defect Source Analysis. If

;[ Pr;r'];ggf)le é&ﬁ?itc tr atF%r_ isgld'c'txlls%\,]’:\)/aﬁﬂl%%glg org c':a%'m&%tthrgg geetg of ‘IJ&%Q cial:[e” irggions,
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.e. is0)
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.



all three of the followng arise in the same structure: a false defect in
the structure, an 10 unobserved true defect in that structure, and an

electrical fail in that structure. [006 There,are.at .| east ree
" inspection options. For exanple, the ena’?sé’ﬂgﬁ%@ Sper?H?}’aB%n?%@déB{I@ﬂzQ%
random node. A "shot" is one exposure ®Bield of a photolithographic
stepper, and is also called an "exposure field" or just "field." A wafer is
patterned exposi n% a pattern nultiple tines (in a row colum pattern)
across th . Tedditien ép ths meshagdsidgbdriped alepye theteemplarysieipdcanbeduct  di e
desi gn, S&ﬁéédiﬂioeseﬁér%‘ﬂ%s- die are designed into a single field and

Yy I

exposed si t aneous nspecting the entire shot is the | east sensitive

and probafflg9F ast est. MiltipRProduclsRARBE ukdd aslBOlAeag: Paltth tbSp Aene ONe can

make threge sets of "don't care” regions, selecting iso, denSe and nom nal
portions BPCEh6x Datiam ¢rapity exgraption ¢asgilentify Scaanenasses diane frultipheprogeeti nspect i on

tool to i _ i.h.regions..of each inspected die during a particular

i nspecti _ogg? _ Ug(?rhl&faéalg?s ﬁg&aagss%t?%edb?%g%‘(\? tpaépé?”éaciuﬁgjﬁé’é‘? ®&h'Sr eci pes for
sparse (i keowi ®xdje ably eg@sodate ﬁnr@mlﬁ:tﬁéﬁmg@ﬂfp%%cﬁ‘h%@aﬁcé?fthc%\%s@an@ﬂﬁ can

confi gureh{gge sparse recipe to put a "don't care” over dense regions, and

conf i gur e™gRest Battesn density gowe! uthe speaibention dangtodneedestrite twe passiEe r egi ons

f the di b ' ion_reci lied to the di th
e er 25 SRSy Sirk SBRE A G EEE nCBR e P SRRDIBY 1 ooul s
in a hi ghenltiplapiodycts omehéd be dopsddaskétBe: inthh RwahlONgi RO EEE cREE BlvblsVi ty

overah , but Iﬁ | ower than inspecting the entire shot. [0067] Anot her
option”i s *GPP {op o4 thesppesifipallipselesteddiredichsaswiesr at e i nspections.  This
al l ows thepdrgst sensgidj il | | tern.variation...lt.pro Ly

i nvol ves the ?mst SOéfto?{%rt@a'y{%rgggsIg?n&r?gwgﬁ gipp rggl%‘t gap%%mgggpgﬁl Eb?"%f ﬁghput .
Because t Rione tyirslags $ensitivpioshe tipdguapheof witetlyingldyesBaee of berations as t he

D ve. TR IRROTSR Ty b RO GRCR i Ssnshatbepompenn '
addi ti on layeishBIGTEYAES cERS SolibEdr ﬁ?&\é%si&{ﬁeﬁmﬁmaﬁ% ﬂﬂ?ééh%gptc%@l«"ﬁ?
]°1. "Multiple pro

expanded into several areas: [0069 cts car be used as the
under 1yi nd7Heidie soworegeesenytayetso The léttey EAL indicaratt epgrestensdtiesn @et ract i on can

identify @ rofro tiple produ 5 desj.gns; Cor.ner cases are
cases at ip ﬁe Eopuag%[%’ret_éattff‘ayv\%g © ﬁg’ﬁ‘ﬁ #g’@fsgr &ﬁﬁl%‘?roggé%‘ﬂ?@e%ﬂﬂ‘lmtp&g% abl e
to producen i cloné Luyer, Whidhiigaychd fectedYy AnBiaN it adehRsdrQ4RGhHh. and the

[0071] This design is possible by cutting out certain regions of the product and

placing it inside a victim clone layer, as shown in layers 2-4 of FIG. 17A. This allows

20 ropﬁmal investigation of corner cases in all product layers in the third dimension with one

mask set of clone layers only.

00721 The partially completed TV could be pulled from the process for each

A, V set to be tested and characterized. (Qtherwise 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 vietim layers has been processed, which is the greatest flexibility.




hi ghest pattern density allowed by the specification for a product describe
two possible - conmer cases. Coner case patterns extracted (e.g., fromthe

product specifications) for nultiple products can then be ied et her
into a new chip design, where clone Iayé?%s‘)ﬁéﬁe%%@c RRS %ﬁ?t@@’%@%t hese
specifically sel ected product sanplesgy [0070] 2. Clone |ayers can be m xed

with product |ayers. As nentioned above, the clone |layers are sensitive to
t he topography of underlying |ayers. Based on extractions each clone |ayer

may be r ith a dif er . of ' Gidtinit
I azer S. E{}@X] 17A i ?hﬁt@{ @Ggﬁ?a&}&%&&%ﬁ@%ﬁs&? i“g‘ggyiﬁ?\%% ?fl(t%st r.at |) ng this
concept .. gafledib 6 theitog Tafer. t@}ﬁioﬁﬂ?@th%@wcﬁ:sﬁﬂg candpatappediafeer e efseveral

l.e.,. a

i ndi cates an aggressor pattern ) product pattern that may affect
the cl onénlemyeshaly provhssitgaapertonsyend hyingeeleneedyi ct i m pattern in a cl one

| ayer, i may be, af f ect.ed n e i bed [ 0071
Thiys de\é\ﬁgﬁﬁ]s_ %os?%ﬁ’éﬂnﬁgc’éﬁ?ﬁ“ﬁﬁnﬁg' gt%ttgﬁ@?g%?%%gﬁ%%%? proE:Iuct !and
pl aci ng iﬁoﬂﬂﬂ%ﬂ@c@;si}ﬂ;l;ﬁhé Al 19804 {sarehed, asd sliaitel tostibgyfdaprcanbt FIG 17A
This allows 20 optimal investigation of coner cases_in alléel &%r ducg | ayers
in the t pefirgedusisg the pais of tenactimustersein layerdi ghie TVARR D F%"”’f’ 072] The
partially | eted TV coul d ul | rocess for each A V set
to be testPgﬁe 8635%;5@8 %rrcio?@g’gm?él?{g?%g@g%lggﬁégt otal continuous

processi ngoof] al | havhisvely, Beshpadsn REG! () eV did dpsiosaity Yegvmbyed or |
di fferent sub-chips.) Then the other 25 levels on that f@bj’%fhi woul d are

"dunmi ed" fromtthepfongssmgpine pRterdexsr Arusformad. and ebeirigel testing o “ pad

| evel s, ma e _used. on t i ; f Paftsuras®e

avai | z%l ef{ ?IEO ﬁ%?gﬁ%%&?i@g“ﬁ%%g%ﬁ%ﬁg%% El;okf\eofl?F ééeﬂa%ﬁn other. So wafers
can be pu{oltﬁdp{&hgumgmibf@ﬁl;ﬁéﬂoﬁ@fpf@ﬁﬁ@(l@brs#mﬁé\)er | ayer is desired,
and whatever pads are available at th (o] can,.be as IS no
limt 30 197 hen t hEuthad;assgovinddiel?! eﬁ‘%{ehg’ﬁca&f"i’g?“agﬁ | GF%%‘g‘%g %gragﬁﬁui It or
af ter SOy 0Ll i ARY 1:900)is tnch IAIGHAGE LAl of 1262 beete pufirmsd ed,

which is e greatest Ity. Consolidated specifi cat%ﬂ&n s at 11 May

2006 14 [ Q6ifdthefs t¥tteividntpatitmbichyend TesT¥garihsebe rowp fng the pads
o eSSk I Bkt gL Y, Lne processing can be
(551170 PRI 73l s, SpATbaro e Syl  nvme st can
aﬁd el ect iayead, aby stinher Qfﬁ:ldnaWprsmagm used, with pads for electnca{ testing at any ’
subset of the clone layers. .
[0079] These intermediate testing steps may be performed in combination. For
20  example, electrical testing may be performed after 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 dimensjon) 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. Tn FIG. 18, the letter “A” indicates an aggressor 3D-DOE layer, and the letter “y
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.




perforned using the pads of the victimpatterns in layer 4. The TV can then
be returned ‘to the processing line for conpletion of processing for |ayer
5. [0076] Alternatively, as shown in FI 17. he TV can opt.i qnal e
removed fromthe processing line after&’%ﬂ?ﬁ&tﬁa F%ec?flf’laﬁr%‘ﬂ?s r}&?\g?%%q/qﬁlbcal
testing of layer 3 can be 10 perfornmgd using the pads of the victim

patterns inlayer 3. The TV can then be returned to the processing |ine for
conpl eti on of processing (layers 4 and 5). J0077] Further, as shown in FIG

17D, the n opti I rempyed fromit ocessin i er |ayer
2 is for rrl%,gggnd gl “é‘g%}%i) i%qob? £9p iuhcéu‘g?g §t3[§pell9'ag—18£(§11sl§§rsf§r§}e clgérﬁ"lrr@\s@1 glét(f;m ng t%e
pads of t phralitgbfpropadt.erns in layer 2. The TV can then be returned to the
.15 processing.line for conpletion of processing (layers 3-5). [0078]

Al t hough E‘i’@] 17A- By iep il 9. deta are cellentps] Bomia test Yehipla laviRg ¢ SUmen ghbe
| ayers, a I rs be used, with pads for electrical

y %?cl@ﬂ@ﬁg%rgglgatt f’sjolggtf or 2, &ﬁ%ﬁll%gy P

testing at any. e cC ers. [0079] These internedi ate

testing sqesimy batpepfi ot edelenniaaidH B aldde Rhefher therd AreadfidRlig theel ect ri cal
testing may be perforned after levels 2, 3 and 5 but not 4. Testing may be

per f or med C¥mE daverspfdhastest vehicken df 1) defiests avo fod, Cetsd PO anarslipned fof t est s

are al so tﬁgp%ﬁg@gﬁé}% ct.[ 0080] 3. Custom zed Aggressor/Victi mDOE (Design
ment). To

of Experi Xplore the process window, it is desirable to explore

the 3-D (00363 di memsisep)ioOG YIRS arlifabt ¢h HERRGE laydR LYRBntERAOr € the first
products i{)@fﬁival | abl e for mass production. To do so, the aggressor |ayers

can -be de d as pasterdPOs. ke featarse irthe pyodue layer fapt cage e geisaisdn theesi gn

attri bjgt eg1om@Saveb e idsia0ce, pattern shapes and densities, that are to be
used in f-utour eaygrsg%ag{%g&ﬁ%owﬂ Such a DCE is then be assenbled to a cl one

TV as can [#@8&hown it step®910,48e tehdenéy 6 thd Brodubtesircait better ) impaditivagield an
aggressorg@g[pi l.ayer, and the letter "V' 30 indicates a victimpattern in
a clone I © gyerﬁ%%%pdiogeﬁ 2§ QUi Btteghist 2B nunber of layers that can be
m xed as Fo@EASSOr aNdidpi10hH M1lAYEE ) b Siefl Sriwrchart

di agram o?[ ar(quexerrpl ar yeisrret h’oJJ.S Coni%ﬁelkggd?gdgdspgl at|9t(1:1a |eon aéwgt 11 May
12006 1-5 Hompwigsfr tossteajurckd9Pored il odgiabasel udi ng st eps 1902-1910 is

per f oryred [Bego]eac h (}{t s?ep 1@'12}3?1'}( Icg%ela(?i:flonpa{ngcgnugcthes features is identified.
[0091] At step 1916, the correlation is fed back into the design of the common

' clone layers, for enhancement of the BEOL clone test vehicle.

[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.



[0084] At step 1902, data are collected froma test vehicle having a common
set of clone layers that is used for each product. [0085] At step 1904, a
determ nation is made whet her there are.def tS|nt e.clon r f the
test vehicle. If no defects are found, g?lésﬁ ?Lt%@eﬁh‘féu%ﬂ@azll E% dzgofO

this particular product. [0086] - At step 1906, the artifacts in the clone
| ayers are identified. [0087] At step 1908, the features in the product

| ayer that cause the defects in the 10 clone layers are identified. [0088]
At step 194&tisthenéenrdency of the product circuit pattern to inpact the
yield of the layer fornmed over that circuit pattern is analyzed. [0089] At
step 1912, a list of features that tend to inpact the yield of |ayers
formedzovgr th&g&tgggagr&ﬁ? ored in a database. 15 [0090] At step 1914,
any correlation anong th res is identified. [0091] At step 1916, the
correlation i satflemdt dnaaqhodmﬁtdnybhﬁvdgsitgmt(ﬁnetﬁﬂ@iuw@mﬁpaﬁér@tlﬂrdoayer s, for
enhancenment of the BEOL cl gne test vehi cI e. (%1@892] Al t hough thia i nvention
has be&n descr{15&d BeC aysts fasesdvar (iepoodinblBaeiistoas oy RoESIEt | ni ted
t her et r to

i ncl udg o??e@ﬁg/%ﬂla %gﬂgﬁgg gﬁ%ﬂtfﬁ{rrrg n :t:ﬁdl‘:’[rﬁgp EOQQ%EI g SPCIO%QS?%I%{%?/ be nmade
by thoée skduitl patteing ahtﬂ]eloaetesv\i/dhi‘tﬂ)&ﬂflaﬂepal’tl ng fromthe scope and range of
equi valents of _the hnventl on. Consolidated specification as at 11 May 2006
16 1 What is cIAFiwfhe gresenog of ang ergmorg SRfesisdn thecpnerar s105yelons Jayers 848t one
producg | Qaveft One or
Tor e of ono ik of b fhdShoy GRAL p3R Sl Kdnofi bbb B Rl DREERT L CNe,
‘| ayers9i n¢d hﬂj%ngc@omrmhalbmﬂt}ctoﬁcmtpacttem]unespréahmm t he group consisting of
clone test vehicle 6 circuit patterns and clone test vehicle vias, 7
wherein the presence of one or nore defects in the one or nore clone | ayers
is an 18 2ndi c@hotesofehiclt efideincy, viferdim thepmedu giore blogel lalyerp Aivtearphutality npact

yi el d qof afsucceedlﬁgl{l yer. 9 to be fornmed over t he product circuit

patter A i ARG Fieh Of theegionrofihcqnepp mase glogs layees s lMdingREFRCHYE he one or -
nore cho n@lﬂrﬂﬁ? bBstARYGeffrBnUth@klokY consisting of clone test vehicle circuit patterns and

4 clone test vehicle vias.

oy

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

two regions.

L Y N

1 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.



2 of regions, each of the regions of the one or nore clone layers including
a respective 3 plurality of structures fromthe group consisting of clone
test vehicle circuit patterns and 4 clone test vehicle vias. 3. t est
vehicl e of claim2, wherein each regioneBFaiﬁﬁﬁgsBﬁﬂﬁﬁgo?ﬁ%a&ﬂéw6¥2ﬁgfe 2
clone |l ayers has a plurality of idential padgroups. 1 4. The test vehicle
of claim3, wherein each padgroup is associated with a plurality 2 of

devi ces under test. 1 5. The test vehicle of claim2, wherein two of
regions of the one or nore clone layers 2 have clone test vehicle circuit

patterns that i dent.ical. to each ather but offset fra res tive
r egi onr‘bouﬂphdar ?E’gteﬁg" pelp of 8%{111 gi @Eeé‘ﬂﬁ ,CI%}?JS%%W@%S]Q&BF‘BE%&W%FB@% of the
two 4 ¥ egh&esorab eirsiek] oned in respectively different portions of the
region, so as to nmake 5 artifacts beneath respectively different portions
.of the region neasurable in each of the 6 two regions. 1 6. The test
vehi cl g ofg, cl amﬁb%st‘ogﬁalﬁ'o@cﬁa&n'ﬁe@ﬁér ih aie.&l-lﬁ?oréa%fpgeﬂsHaJeQﬂeQ&e or more
2 cl one Ig¥ers include cl one test VeRicle ¢ircul pa rns having
r espect? vehsee tigidrey motudtheconbi nati ons of metal density, line width and |ine
spacing; Consoh#&ated.spe%ification as at. 11 May 2006 17 . 1 .7. The test
vehi cl & of cl a8t FegRarafha adivey agiel depdty: ¢ anpiarua Bng widh and#008YRA | ncl ude
2 snakeponespidugd;ures. 1 S. The test vehicle of claim6, wherein the one
or nore clone |ayers have at least 2 three regions, including: 3 a first"
regi on mith a redten meicalwitteamitigunemathdensity, kélagvely eide laadand anoni nal 4
he spacing;.5 a %ﬁgond.re%i 8n with a maxi rum netal density, relatively w de
| i nes and Eguu%urﬁl FHH % #8%spacing; and 7 a third region with a m ni mum
metal density, Anhivl b 'ﬂl@%ﬂfﬁﬁﬁm@?&'ﬂ@@ﬁﬁy%ﬁﬂrﬁfn[{?ﬁrﬁde'vﬂ@th,sﬁﬁ%' ng. 19
The test vehicle of claim2, wherein at [east two of the regions in the one
or nore nEpgye lingygpreing.ncl ude cl one test vehicle vias having respectively
di fferent conbinations of 3 netal density and via density. 1 10. The test
vehicle of claim9, wherein the one or nore clone | ayers have at | east

i 9 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 vias having respecﬁvely different combinations of

3 mefal density and via density.

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;




2 three regions, including: 3 a first region with a relatively high netal
density and a relatively high via density; 4 a second region with a

relatively sparse netal density and a rel atj.vely sparse via nsi4.y; and
6 athird region with a relatively hi ghé(?%?ié%/a?ﬁ%sr%?@atbwsﬁt?Eﬂjgatyisi&@ﬁy
sparse via 7 density. 1 11. The test1¥ehicle of claim1l, wherein the clone
| ayers include zigzag via chains. 1 12. A nethod for analyzing a circuit
pattern, conprising the steps of: 2 (a) collecting data froma test

vehi cl &, (bl udétpgunBgarhetieasne aneorpiefus trd ayent hakd ag amoredste one
product9 ci1 y%git pattern 4 thereon, and 5 one or nore clone |ayers forned
over the product |ayer, the one or nore 6 clone layers including a
pluraliigty (&f Sbhdlh : I.811nRQ: : thovehi cl e
B i Bt o P R o e b e B B o 2
at 11 Way 12808 tegognddxved dteqradust ciguitpetdie in opmdact, baedodtibect s are present
in the,one or .ore C%(F)ne 9 layers; 10 (c) analyzing a tendency of the

pr oduc cidre'@ 0AOh AP ©F i mpact yield of a succeeding 11 layer to be
formed over the product circuit pattern in a product, based on the 12
determ.nation of step (b). .1 13. The nethod of claim 12, wherein: 2 step
(b) indl udés i%@ﬁﬂq@q che 18y whesele: specific artifacts in the one or nore

of "t he 2or oduct “FEy2 I RAEAGERAB S RRbrb SR SPRTp RAEPERBl O opaoat o
into tBe otmedayerspewd cl one |l ayers). 1 14. The method of claim 13, further

conpri s4| ng. 2 perchr_n‘i ng steps (a) through (c) for each of a plurality of
product’s, each SKER§)igclydes3dentifying a feefujeonsy ofithypioducifeeethat @H¥Ssane or
Subst ant | afd dhel At BB TRIELE (a) i's perforned
for respecti vgl y di f?glr ent &&Iﬁgg{eﬁt%@rosﬁ%?ni%?%ﬁglaﬁéﬁgﬁod of claim 14,
further conprising storing a list of the identified features 2 or

attri bl{lt esi4l N FHeMRRIBEF 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.

1 15.  Themethod of claim 14, further comprising storing a list of the identified features
2  orattribufes in a database.

16.  The method of claim 15, further comprising;
2 identifying a correlation among the identified features or attributes in the database.

17. Themethod of claim 16, further comprising feeding back information on the

2 corelation to change a design of at the product circuit pattern of at least one of the

3 products.

1 18.  Themethod of claim 16, further comprising feeding back information on the

2 cormelation to change a design of the one or more clone layers.

I 19, Inamethod for designing or fabricating a plurality of different test vehicles, the
2 improvement comprising designing or fabricating the plurality of test vehicles, so that:
3 each test vehicle has a respectively different product layer having at least one

4 product circuit pattern thereon;



1 16. The nethod of claim 15, further conprising: 2 identifying a
correlation anong the identified features or attributes in the database. 1
17. The method of claim 16, further co i Si f.eedi. back infaqr i on on
the 2 correlation to change a design ggoa’f‘)l{éﬁté’dﬁp ) loﬂia%tu]iqtl\%ﬁg?% n of
at | east one of the 3 products. 1 18.19The nethod of claim 16, further
conprising feeding back information on the 2 correlation to change a

design of the one or nore clone layers. 1 19. In a nethod for designing or
fabricating a phalrtestiveliclofhasohé erreme cloas tayemhiver s pradnet layer,itigyme wenent

conprisgn i gning or .fabricati e plurality of test. vehi.cles, so
Chat. " aORRH D Rhote Bk & SRk I of e fussi i bredvrmt O AL Oy er

havi ng At tegasticloBRedt pieiGind Gldue tist veRRld G54 ahfer eon; Consol i dat ed
specification as at 11 May 2006 19 5 each test vehicle has one or nore
clone lf@yers okronens myrodiot lyassesed foheachoétherplublitymf diffsranhtest valicles

i ncl udigg Lurality,of s tures fromthe group consisting of clone 7
‘test vehic %%& %%%Pﬁé%étf‘?téaﬁgéﬁ%ﬁﬁﬂ%l one test vehicle vias; and 8 the one or
nore clone | ayers used for each of the plurality of different test vehicles
9 are the rres,q%% substantiall]y the sane. 1 20. The nethod of claim 19,
further® c rist c}.‘eﬂ?do%ft gil :ﬁljﬂ\ﬁh@@%ﬁmhe or nore defects are present
in the pne or ﬁnﬁ]!cif J . 2hj,cl e; alyzing a
t endency of ea(rzaﬁfepro %ckgheétr?Icﬂlf%?ggnggt%e?%&%gﬁ%%%ﬁél?ﬁl{gkfé@ﬁaogﬁgrgﬁoggsucceedi ng
| ayer to bleydrovfrmach tegievehidig apdoduct circuit pattern in a product, based on

the 6 determ nati.,on of tr&%ﬂgrgﬁence f defects in the sape or substantially

t he sarﬁ?a cl one FAyERE 2 ten ch profuc) gt pattern o impaRgigkbelitod of clai m
19, whes ei sheteh@ing 13RE1d CVBFRed Ser BRPIRE: GiRRjIREHER b ¥rdiiol B8Ld ordin¥ €N Cl es
have common strugt%r@es, and respeéct %%I y %{Lﬁ @r ent c%ﬁrne féyer (I)ength and
clone @ |¢gjemingtion hf the presspemdidafycts in the bangbihsuhbsantidliytthe sinetchmelaspect i ve
products |- . . ..The -net hod of claim 19, wherein the clone |ayers for
each of tﬁ%%%‘?ﬂutﬁéléﬁlﬁle()f test 2 vehicles are divided into a plurality of
regions arranged in a common |ayout shared by 3 each test vehicle, the
Cormon Br r2i0 ¥ aRfod 8 it 13, SAReoi S oS lay€ Thr 4438 br e Bty SR 4

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 fest vehicle, the corresi) onding regions in the clone layers of each test vehicle having

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

(8  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
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caused by artifacts in the product layer or the first clone Iayer.




1 23. Anmethod for analyzing a plurality of circuit patterns, conprising
the steps of. 2 (a) formng a first clone |ayer over a product |ayer, the
first clone layers including a 3 plurality © tructures fr e up
consisting of clone test vehicle circui tdop ?lf%FeﬁsSpg%}dqcatﬁmcalsgﬁgf Meégtz%ghi cle
vias; 5 (b) determ ning whether one ofd nore defects are present in the
first clone layer caused 6 by artifacts in the product |ayer; 7 (c)
form ng a second clone |ayer over the first clone |ayer; and 8 (d)
~determ ning whether one or nore defects are present in the second clone

| ayer 19 cdusedhbynettiollidfakirs 2B Nwhitein BEOHY&lct la?h’le&d%rsttajﬂﬁ skdoh@tlofié one | ayer.
Consol i.dated specification as at 11 May 2006 20 1 24. The nethod of claim
23, whér eilVerrEe prebided in 3 staichishnfablicatad inpdresessinding, theanetod faflars ar e
i ncluded i, 3.t:est vehicle fabricated in a processing line, the nethod
further 3 conprrsing: 4 renoving the test vehicle fromthe processing |ine
for tedting af te@nowiemeta} velddld fioh ﬂh@bwc@gsﬂ@)lﬁle Sorit8ing et fba);And he
processing |ine between step‘ﬁb) and step (C).

S relurning the test vehicle to the processing line between step (b) and step (¢).




