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PLANAR VOLTAGE CONTRAST TEST STRUCTURE AND METHOD

TECHNI CAL FI ELD The present invention
rel ates generally to sem conductor testing, and nore

BACK%%G%A&E éﬁfwﬁ‘{‘ﬁgtﬁéﬁ §§3§3€?§P§Ef %&éfg%tﬁ%l)

circuit (1C industry, there is a continuing demand
for higher circuit packing densities. hThls Qenagd ?f
i ncreased packi ng de t he sem conduct or
i ndustry tg devel op 2@%¢H§ﬁgéi§qbighd processes to
achi eve sub-m cron device 10 dinensions.
VElH\ST REGSGRG rigvangien atelaiat hearerliye teli srersorsiustoad gis?mg)r end more
[ creases the deman or
pmné%p égé%iﬁg%%%ggn%%lbﬁgﬁgg?h&ntegrated circuits in
various stages of their manufacture. As design
rules and process windows continue to shrink, IC
manuf acturers face mBACKGROUMNIQERTn achi eving and
mai ntaining yields and profitability while noving to
nEIMVthIéﬁrﬁﬁfhdud@r tresphaned @Q&Lﬁﬁ(lévmuﬁ% RO RS 2 YRHiBh e demand for
per interconnect, and |lowk dielectrics

hlghemaﬂﬂf FAfing depwtiesct Thishdamandr of meteasedl packintg demsitiee has led the
r ve now becone probl
semic o i o AR B e U el S5 R e e sfcmicron device
dimersednowManufacturiigt IBLYBudhNBRRES digtenSibns s MERIYalpTxRY to circuits
.various stages of manufacture is very inportant and

and ipcypases (e APIRAME [ IMRIPYRAe MSEogaIdeR iiBTpeyt witegraind cpedituit various

e 20 increased conplexity of 1GCs
Smga?ﬁknggggﬁ%ﬁ%h%ost of such inspections, both in terns

ﬂseicpgnselesaami prioness wode@vecontinfie & deinCIC gaRufA€turers face many
ected ear roduct.ion, the cause of the defect
Cha“eé‘éi?? Bé° 8¥‘8$ﬁ¥ﬂé‘&“ Hiingoris Bt eedPoeroney &/hdle gRR ing knitew process

techndlgioe Eu&fasqggéptvbfé?s |cg1§'pe§‘ru@(eﬁﬁﬂh{3fc GhH"&8: kI %gleglll}gg r Atd81t10nally,

overcone the probl enms posed by de ‘ective
defectglial Peeee G@tefleb‘;\/ﬁléibrllthfaﬁéer %gﬂetcmgstrnhashwsreemw Se@imd @eblems as

in de ect Si The test
(kygé%ﬁ g%%%@é“%pg(y mé%?%ﬁ ISR AN Pﬂg% they are sensitive
t AlledgciimptiiRin 0L QUth iploduetsPROGHESS, shpds Bf %gﬁtﬂcﬁﬁ@dls very

so that the presence of defects is nore read
imporat endl o FHe digndicently civepreve axsedustipn cyielde sndfpreducar eliability, the

mcrea%oggglsﬂo%s 19&65"5%@ ({H gp%h qg%%cti(ij}gfé%gtlr? tearms OI? expense

uct’'s
and tufneed[mvﬁVIey ifitidefeze cahbe dectp@ichil ¢ i plo@adton, ki SMSNof the defect
t ens. 30charged particle beam such as an
can b g%%mﬂe%e% SPEGiFd dhfaeea HANMERHcaUmBeY of defective ICs are
manufaéihregt ures. The interaction of the el ectron beamw th
features in the circuitry generates a nunber of
singndé¢rgo jomercome the problems posed by defective ICs, IC manufacturers fabricate

test structures. Such test structures are used in defect analysis. The test structures are
fabricated such that they are sensitive to defects that occur in IC products, but are designed so
that the presence of defects is more readily ascertained. Such defect test structures often are
constructed on the same semiconductor substrate as the IC products.

Defect detecting systems frequently utilize charged particle beams. In such systems, a
charged particle beam, such as an electron beam, is irradiated on defect test structures. The

interaction of the electron beam with features in the circuitry generates a number of signals in
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varying intensities, such as secondary el ectrons,
back-scattered el ectrons, x-rays, etc. Typically,
el ectron beam net hods enpl oy secondary el ectron
signals for the well known "voltage contrast”
varyin@C Iiergiteesf Quctel dsCuddon@t €6lkcttSs® PaRReartR® VRCLBEE x-rays, etc.
contrast techni que operates on the basis that
Typiglhy elestordepm migthodarcmpley s&ohduat dlennofigaals ést the well known
« e er exam natj on use differences in
VOI% {:%gr:?g%%ty t%%g{:qtufa’ on Céf‘ﬁugsdiegeﬁ[ ﬁg%?célr?g@ ties. In one form
of Thens@lepki @Riradt hechii uredgehfcs ofihd 8L D/LVAEREMRES in the various
defective voltage contrast inmage and the defect free
locatipne ofeq dattsstustirgafnder exoprlion. calsrudiffarereepon exetomlary electron
: t; .the sc rea.is acquired .as a voltage
emis ol S rORRar e forhnenamaBhid iogf gy betveen the
defectioe vekagenlonrad itage M@l BAUERENTEH QY rebIHIE REAYERCcADN. Thus, the
brlght (intensity of 10 the secondary el ectron
poteniat slafeopf the seryIeyl e isaacaripd poreviliagt cpurask omagr gich that a low
ter®81 Bb:58h K, G L ntensit econdary, . : :
POl egt r on%\é’fnggg?%rﬂ?i.re’ %\I%Ig%r{\gg%tjité\;élnyghtt %eealg?/lg%' %(ﬁ?%%rf/g%émtensny of
the sgonfargel@ron wafisditrats keighomdoohiht patntpOpbiten Mighhbe BRplayed as
dark 8 spl ayed as dark and a hi gh potential portion m ght
ke “éﬁrs%Feﬁﬁ‘@él Sﬁ%or’SF‘Tygﬁ{e.cfr%‘ SEUEHRY y Adlfesratively, dbe eyslom may be
confibsred366h tha mgBQnEiglepdrﬁ&? Hﬁ%ﬁt%eocfis lé}%d%%cdgﬂg%&/ a \l;\légl potential
_electron em ssion that” originates o at a path swept
portidpymeghs badisplageedsdlmighon beam A defective portion can
be, identified fromthe potential state of the portion

ur‘fdé?cqnﬁlgrﬁ'eelte%?ﬂ _d%@fﬁ%dﬁd{ﬁ% 6P MedsBrcs thr @iqneiy e the secondary
electrOul [dnflGsi oMM astiindtdohlg ANSPaMm AW& gy aCsQQ[‘irfiRé cldBn beam. A
way wafers can be testéd is using an el ectron beam
defecfige peigp dapdiseidentified: om, thaupotentidestete taf, thbpomiay wfder inspection.
A rradiat wi.th an el ectron beam surface
s, V0% SrBLES JL0 PP B3 il B8 one
waferdeﬁlet}:)bséstéd’lfst ustigai lec @S 86arh Ye-BeABY {ifpbdlionaY8I, Svhich detects, by
gnder_l ying the surface |ayer. Such vol Fage contrast
way 0h gEqfialing2 waliep gifhransiecgon pepmniuriace defaetges balllag sergaltad “voltage
trdsEBUESS thaP HGD ¥ nde NS HICGALLY
o har ges ac. currqut% gédgg%%g erg% ulrlillgl,a P%gémri%r uf't fhr?g&%tace fayer. Such
voltageegatrastecpas enta @bult epdifferaltial thiaps buitdup iondehtifes, such as metal
Jandi f eat revgg appear bria%ht under an el ectron m croscope. _
anding, PaBnt 480 5EHDE; FhalREScRReHBIAN Ind 2 isamERusiBs fepdting negative
otenfi 3t PHI L& rFRPEASINSARK feat L i ¢ i
d toolphga%. _bé uged Sltn% der?avde}?tt??@)rﬁ\ﬁ?ﬁrelg%nt% Eazsi%glg? t?%lcrOSCOPe'
In conteastyarpasivivg shasgh duildrupacatedsabe feume tasipperraladct i ¢d way, an e-
hort or open exists in the wafer. Thus, in such
beam §0y°§f%“ ¢ upedo Bt éoneﬂmoagﬁstiog &5 FripTP Amas Y ipther a defect such
as an geattArsadrfopopBPtiisded afet w¥er artudef 86tk s Et@ﬁs,ctihé Q/Hltﬁ%& contrast
.. for each I C manufactured. Test structure$ usually ar
Is singd@nemsly aneniiesgsufier tbothe dlefastive npidy defeth ftdee cdesisgfior each IC
4,85 30 used to manufacture the IC therefore as the
eometry sizes in ICs are reduced test structures
bEeosRustekY usiimly lard MBIRLY ah@ HaGIABUELCOMPT R Vithithe ddin rules
area of defects under the influence of e-beamtesting
used te manplrsire thedRs dpeiare a5, the gedyeginnsizesvierlEs die feduedttest Gtructures
I e f_the defects detect and a .
becomg e T lefely Al Ring R AT e B w R e nguence of
e-beandl estigfeqiipsedt. \Ginkéqhdht Bl Bebes vaRRETREN tb Pefbtufh rdVD& of the
same test structure is repeated vertically In every
defects,dstegted grdeanygmsacipsed filurrnglysisst structure design is
difficult to inplenent as 1 Cs use nore |ayers of netal

i nterconnect in higher density ICs.
Exi sting test structures & so are designed to test for

only one defect type, such as an

manufa
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50pen circuit or a short circuit, resulting inlimted
capability. Exi sting test structures
additionally occupy a |l arge anount of space on a wafer

t t
rmlir(xnglg}g Je§td r&{:té&@sgtnoqs%sn%gg%% gﬁ,tzlr%ct@gqeggger%hgg ;;h?chutrhgséame test
structitd UClePEREd K/@ﬂ@aﬁ}pm' A PAHLES I%Ie‘?c&frth«??(lj nﬁhss &s@licture design is

interference into the I'Cs bei ng manuf act ur
difficpts g implemest asdCs Iqecsmoml@jzﬂre oS mieah gltdframmeblaﬁml gy @Bx}jsuy ICs.
ht or suggeste

o SRS ORRRL BRUE Ok D o suagestes

open bﬁMﬁt bran¢hogl dided, £hnes; ﬁlklhjrlit&fjcd\?ﬁbﬁ ifge art. DI SCLOSURE
OF THE | NVENTI ON The present invention provides a

NBTHSIBE orSlt SEUCEYTES addicinn@hr atepyca rlange tanisin @f agpace Xn a wafer
i B e AP SR BT 2 S
test stthEtLgdSsOlﬂenﬂ o6 i irbducer Oet@esl nbisBeiRl ihbR& £ NGG! 8L TS being

e ground grid and positioned in the space is
manu ed to detect short CIrCUItS or open CIrCUItS

roc ed witht
e LN A TR e
taughgpo amggeged dnprsolitides ard, @bl solutidgs thdest Hrd¥ims h%g/e long eluded

g |caIIy connected to the netal pad, where
tm”e§$gﬁ FH:68€currence of an electrical short circuit

between the netal line and the netal pad, the netal
pad appears bright under the influence of the e-beam

tester. The moimsciowoUephEdNENTIRNr ound ar i d

provides a netal line that is electri y connect ed

0 he.occurrence of an

te?g%: %S%@tlﬁ%@g@lﬁg %g‘%st ? %ne%)o e%tt &eﬁténg[@ ntegratpd Cgﬁlﬂt {ipigg an e-

beam m@tealcop@dl,smgh&omﬁtr@l a padindppRAr 8 fldfak pa? havpger sptab@ therein and
he e-beamtester. The netal line is at

POSIU?Fggg”{“ fi eogcrog@g%ﬁp)éavlfi%e/% raﬁaldmewenmt@ t@dh¢ gmnd arid and
positidried 4 ttférb?h&:% Lafrﬁ‘x?ged% 55 & sﬂﬁ_{)t c xjc{ﬁ? ora()p%ﬁ chulfs bl the & ifitegrated

an interleaved conb, i nati1ons
d“m“ﬁhéﬂﬁﬁ%géM@mnhw@bBMDMmpnov|des test structures that

' d anal yze thereby increasing
fe SR {‘“et %85‘Se\éf ol Ef Y I ReYEEs 30mRB! i that is ot

electrlsdlryuainblé(ﬁ& &f thehBer S@ﬁﬁmheké?)\f/eﬂﬁérp e%cﬁ]ﬁ)ﬁcg eF4h e?ectncal short

vertical stacking in an IC, and itionally occu
01rcu1trtéqt\éi§qr\,gqeyrngqa}h|llpe anduhe nesttalspralc eheamdtaﬂ tpad eppeags (baghlbender the

mﬂuedtcﬁ gﬁé%o%géaﬁ tésﬂatr.o TRY %Ileltaellﬂn% D r?e%?edl tg t eh grolurcx:d 2;18 %lfnglges a metal
line that is electrically connected to the metal pad, whereby upon the occurrence of an
electrical open circuit between the metal line and the metal pad, the metal pad appears dark
under the influence of the e-beam tester. The metal line is at least one of a T-shaped line, an
obtuse-angled line, a right-angled line, a straight line, a serpentine line, an interleaved comb,
and combinations thereof.

The present invention provides test structures that are easier to review and analyze
thereby increasing the ability to perform failure analysis.

The test structures of the present invention do not require vertical stacking in an IC,
and additionally occupy a relatively small amount of space and therefore can be incorporated

into available space in the IC products themselves.
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3 The test structures of the present invention
al so are designed to test for both open circuits and
short circuits, resulting in enhanced capability.
In addition, test structures manufactured in
a I | t ve n Lntroduce | e
TSP oot bt E pREEREeh UL RMD B WL ERALE TR bort open
circulmaamdfshm viredtst feanitieX irstihagedt @phbisity. uct ur es.
i.n enbodi nents of the invention have other
a@‘él@%»steﬁhs%éﬁﬂ‘ffﬁ GRpnuEacEieqd An sceridanse wifoghe present invention
I““"d“@@‘eh%é“é%ﬁ‘?ﬁ‘ﬁ%? TS RS s RO FRRRE han existing
teﬁs&mﬁmﬂMnng detail ed description when taken with
BRI EF
%&ﬁg%%mo ! hﬁico%%ﬂ%e‘j&ﬁg qﬂ%%xtaée(s?lg agdllggp 9 ar in place
Of tho A on Ty Afhacs Wil ocBne BBinet O Sled in he ar
from deteedingnyf te fplewing dewiled disf@gition when tilef. wﬂhl ®fe@ence to the
cross-%ectlonal view of FIG | taken along |line 2-2 of
accomparying CEYgh#hg t he arrangenent of the vias connecting
additional netal layers; 15FIG 3 is a partial plan
view of a prior art layout of test structures viewed
f r om beneat BBRIFH DESCREPRION ayerHBISRAGENFPr

detecting a short circuit defect; FIG 4is a
CRRSST 386! B! gpﬁl AL lorF g}eioﬁ a&%f(ﬂj (Ar00g itmﬁn Jieded from
FIG 3 show ng the arrangehent of e vias conn |ng

beneathddfitsi matal layet manlgayﬁrrsiptectmg an open cifebi{Bdefect;s an

SRl SR B Y Shefo B SanElnd o g, 1 showing e

arrangBfn@AETithd Wé@@éﬂr@euﬁgoziad@t%rﬁme&g 1feghort circuit
def ect; is an enlarged plan view of a

sEéont lfharm’éflialdﬂaft e’!ﬁtW of rauptionr s lapnufactesir @odiciunes viewed from
beneat%calcf(i)rrstdrﬁnt(é‘il3 la%rgar}%atng%ed H)rr%%teegt%r}_.gl %_::s/heor%% c}lgcl?léttﬁpgeﬁdet ecting an

en-circul Farged pl an
VlFIﬂN4Qfs aalrdBrsaaichal ety St FIOL Bukks TBRAH[IACH U &UFIAD 3 showing the

accordance with the present invention; and

arrangement of the vias connecting additional metal layers;

FIG. 5 is an enlarged plan view of a first number of test structures manufactured in
accordance with the present invention for detecting a short circuit defect;

FIG. 6 is an enlarged plan view of a second number of test structures manufactured in
accordance with the present invention for detecting an open circuit defect;

FIG. 7 is an enlarged plan view of alternate test structures manufactured in accordance
with the present invention; and

FIG. 8 is a flow chart of a method for testing an integrated circuit using an e-beam

tester in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent to one skilled in the art that the

invention may be practiced without these specific details. In order to avoid obscuring the
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25FIG 8 is a flow chart of a nmethod for testing an

integrated circuit using an e-beamtester in

accordance with the present invention BEST MODE FOR

%A NG QUT THEE In the follomnnq
prese Eeﬂ“&‘w gHe el ’P%W%C‘éﬂté‘ér Pty eRHigueations agflpaprepgsieps are not
discloRédmi d@deig t hor ough under st andi ng of the invention.

However, it will be apparent to one skilled in the art

t héltevtisee TR GIrawings sloywinaymbedipreact Qfab@lappatdnware téreseiagrammatic

ecific deta In ord to.avoi d obs ng, the
and n3PE e nflo R By o St SeRgies e it aS Yapilt ghpresentation
and axecmf)wg lgf@tl&@ﬁ%e?dﬂ@ RI'E RSs. SSigRBIG! :ﬁttﬁ)ggh ﬂless,%h?&ﬁti vieWs in the
detail. kew se, the dramnngs show ng
drawipgttoaicaenelsdestriptien. Aparrangament én senTIGH. agadinvay| Geechlly, the
and rt.icularly, sonme of the di nensions
deva&}n t%e orp%fal"t:édem opyralt %1

e C1°4 Orbresentatlon 5 and are shown
gTBatdrM ‘exAgarilatedsddhdréig iSH&Bned s W flalel paralRl 1@ IBnventional
the sectional views in the draw ngs for ease of

plane ggsuringst plothe interEtesk pisgglesrdatrate nraghisllgsh @ itsi rientation. The term
H e e can
vertlgz{ll te{f)%r?écyn %1 g?@&ﬁ)rnaﬂeh—;yend cﬁlﬁarq é}e%)qrﬁg?tag%s%gtl Je?iggéj ui%rans such as
“on” h‘ebe\!eﬁ i“beldef’] ﬁbﬁttc&ﬁ ;a“tppanesiqeer adsl Bl “$i@ewdlB’), “higher”, “lower”,
,gon%en&fonal ane or surface of the |ntegrated
OVer s AR¢ uiRIcE u Bkt eaed Wibgatare8dhohoriaogtabplagnt ati on. The
t hdNerdOpry@tdin s f | i
A terrt pr a?&%% ilshusreﬁoﬂ%?e;t%trllrgcel‘ A JeJ88§1 QIP L of matetial or photoresist,
patterrT eg rrsxposuneh dageldmnént, éa:hmge c,leanh@l, awd/or' I’embt/ﬂrrbf the material or

hi gher™, "Il ower"
pm”mmgv Iﬂ“ﬁﬁ%‘“&ﬂﬂe?gad gﬁgepﬁeﬁemnth respect to the
hREfeA Bt @dw RS FNE. 1 therein is sHMRvr § éﬁ}tla@ %e§1]§{wnﬂoma§eneath a first
used herein includes deposition erla ,
metal [apyer Wesuastlntegateﬂemum @IC)EDf pcfs S|trleyouﬂ é()@ Ioﬁpnmmber of test structures

hj anln ar r teri

102 ol RO g AR e BRI PL BT WoPrnet wiB e iy . The fir
IayoutSIt()OLiﬁtluﬂ@ the first mEi@f RiyEd DO, Q¥ b9 aFrandlp lﬁdéerﬂlenﬁtﬁ metal layer

shown a partial plan view from beneath a first netal
104 hasay, gpmier4of meigh conney Qe easitioned tntoumi @)e périphefy pEthe first metal
1 0 S r s 102 arran
ayer #(%l%’ ’gféei églglb% otgrrr]\gtéggﬁﬁtg&% CIEI)E { 34 g‘? ufl o ur% ac%cclg)&c%;]lge v&gt% relaxed
designwiutek, fohexgqmplerif dretdesiphaules Eﬁdmﬂy%/nmlﬁlnlmhticﬁpéhbt@ﬁ&oh lkeD), such

irst nmetal | ayer 1 )4, such as a ground plate. The

as 013 prigpnyyhesy the zglared dipiengyan forsthe nuiwBRe! Betahpenircts 106 is relaxed
to abo® QU AGISok06 posi tioned around the periphery of the

first netal |ayer 104. The nunber of netal contacts

10@ first laposf lél@ta]usroemcludeadxeanm @f wést brrucdhax edz qiesugm:d in the

e deS| speci f

for. £ | e ul es
producit{eShanongn i RIS et B (e, 153t B ahbmamo g sohatructres
102 ist fRRiohbé féﬁh&é&ﬂ)ndbﬁﬁﬁ‘%'p@ﬁ‘ cfr@ﬁlttd@?ecpu'wqfrstoﬁurﬁ@%g#h\gas 108 is

contacts 106 is relaxed to about 0.24 m crons
positiongd gt a peppadirow dd4and e fonuth naled 18 fvé trufilsement! [4yesti04. A second

oo 183 AFATRAD 7P Rt P PHCHELEb Pl S0 s

Myawot test structures 102 is positioned for detection of
an open circuit defect. A first nunber of vias 108 is
pdsinumbseaf fept sirusweesnid2riofpried danidg she mantfhctnevof INSI@fsuch as

o 08 gL el A 3R BRSSO RSTRE % Bt er 1

is formetl if g ¥Q,rtBé nif@bEH of test structures 102 is formed in areas of the first layer of



15

20

25

30

30l ayer 104. The nunber of test structures 102
is formed during the manufacture of the IC, such as at
the tine the associated netal |ayer is fornmed. For
exanpl e, when the first nmetal layer 104 is forned in
the IC A& dr€unhd2q B teuc 0 med i
o IR g 2R 0L TREL oo kS T g EAY BRI gl [ TE e rmed i
the IG addioohar nipuivegpo H€ sest rstrtld.‘t&rels Gre AsneddhtthonaditioRtidhyers of the IC.
B ayers are forped in the | C, additional nunbers of
’“St”t‘%é?“ SYGRF G 8Lem OSCYRSY Aeldrden amARtaRkiSRACE nERking yig rigpessible to
incorpoPfe IHe- tes@%ﬂrt%thﬂ%g 1r¥t§§ﬁe a%h[a'lJ %Hﬁﬁétuge{dt e&[}d&QCUpy a large
amount of space making it 1| npossi to Incorporate
t Refetramgt nost tauhGur2etherent shb‘l\en actasalsesrnull dew Wt ¢UG. 1 taken along
Referring nowto FIG 2 thereln .S _shown
line 2@r%§§[ éé?’%’h‘lﬂt 9|ag‘\ﬂ}‘%efmqf’lt@t [ the qfafian Al Bitg'in 2He CQH@CEWhC first
metal Bly&r 184 $hQWeaghdt rh@taﬁ[ Ty@xng@fre 2\ se‘ef)?& & ﬂf6 SrdSets thd éé’cg{tjd metal
via 202 connects the rst metal layer 104 to a se
layer 3t tgla thayienetalolAyer,Q(Bec@mldrd/ via Eo&onmumemhshltdn enese doyrd 208 to a

4 to ird netal 208. A third
fourth meta]z'f fy@%ne ‘ “tfﬂ@eft‘ﬂ 5] SHEEHTCS| @ééﬁmzasn f&5al fippesitioned in
unusedBled ofl Y efrcidd? betliten MENLIouO el £3dyest ruct ures 102
shown in FIG is positioned in tounused areas of the
cFacdunltthy fiss tweter oh ézlav dPB pusitimntdaberieateths second rowBeldhand the

t f u |as 08 po ned beneath the
fourt B 18 of i i MR e PATRFOR R T BrPRgt AR b et tayer
104 torcat aturthametm JIOF 2lazsth$<bug\mme firdrvia 202, ROIBED vial®ef htidSEhe third
metal |ayer 104 to the fourth netal |ayer 212 throug
via 21@heT¥1t Fadt Vipa2(2p she serondend P@ov inad 26 thiethdiat BED @t fda stacked
T v e d vy
orangbip 26y Ut LEShar PR Ay 9508l Bl i ow 112
and th&tgtl ofv t]hﬁeofsrhe G mmmﬁe}ferdfm,vshaS/n]tﬁ@I@.OS,Idoh@ét@(ﬂhe second metal
e first g}%lz and the third row 116 of the

ne X
layer zgiﬁgt?h%tfglmttwéyef el seepidyyia 206 dipdhird mgal layer 208
is conr28CA NS (H¥Eb@th hRVe1ay2P414 ﬁhr&d@ th@t Eft& layer 208
t hrough the second vi a netal | ayer 208
iRefepingemmet TGt Bghérour tshshownad phtalybplaﬁl\acw ffrmﬂgi&nédnle a first
rr n m1to Fl G

h|r La 210
meral it 804 58 af e SRR MR GRS e st Ryt PP @ Bagmber of tes
structuf’@tﬁh drayigéd B} 4ictddtial ah RHEYEREBHIGESGH abcdrlifnke Q)&tthathe prior art.
second | ayout 300 of a nunber of test structures 302
The segondalayes F09ringludes therfisamew@péayer BO4 wuch def @mundnplate The first
jor art The s ondJ
metal ﬁg%% atﬁ%teahm&?errsc?emgtfaafoqtactse?O%ﬁrA)un(i E}b yg?f tg\ﬁ glrst metal
layer 30K atEhe ITthﬁbefmfsmetaBt:@ttadtaye@ 1s3%nm@&uaedmwm%rdaﬁcemkﬂlrelaxed
contacts 306 around the periphery of the first netal
design ralserfos guamplgelfifieriderisn rulae spacily cnrereingl €66 sheh as 0.13 microns,
h n I 25 desi
then th?ﬁ@%é@&?gﬁ&g;dg fcfilctﬁé) EH}%% O%\@SCEI c%ht%xtggmg o8 Crel1axec9po about 0.24
micronponmi nal CD, such as 0.13 mcrons, then the relaxed

ﬂjnen3|cf for Eﬂﬁ nunber of netal contacts 306 is
OF a660n¢ davayb A000alsa iprludemhe second npmebes rfoifat Isyeutes 302

r .
QR 18 TR 54 TSI me
layer 4Dt ddpeatuatbec iof cast ssudtin@s 30RArislgositidreedf for Setesm@drabf aB@pen circuit

def I fer 404. T e.ngager of .test structures 302 is
etect. pg IR IOHDET PhY1ay Ve & RRSHIoGed dha 8558Rd &9 S andjaf@uth row 318 of
the er Rfgevd Relolsy i
ﬁmtgﬁ§%k§@a fou?fﬁ&?§%1318r8 %ﬁgl?frgﬁﬂﬁgggﬁ1ﬁ% er gggﬂZand
a third gowedénef tharfysr mefal Viyas 184.0 Assisphs ichdeonahl respe&thte testr sfuctures
row 312 and a third row 316 of the first metal |ayer
104. As is the case with respect to test structures
arranged to detect short Gircuit defects, existing
test structures often occupy a |l arge anount of space

making it inpossible to incorporate the test
structures into the actual manufactured product.

o



10

20

25

30

Referring nowto FIG 4 therein is shown a

cross-sectional viewof FIG 3 taken along 5 line 4-4

of FIG. 3 showi ng the arrangenent of the of vias. A
arra ; via 402. conﬂe§ts the first netal layer 304 to a

“%eé‘c&‘i‘&teﬁ’ethgﬁ Girgyit fetggls, e’%%&%ﬁa‘w@aﬁméﬁ@efrﬁr@&tas!altgﬁ@mount of

spaceSiaglIng iRk
P thir dgw a lzdls(%llb%ﬁ{rglgt%m%ég%%tﬁhlwrs {jgtrm ”ggéfr% Egggl WAHUfacmred
produtpurth netal |ayer 412. The number of test structures

3 effshown in Ekghhé IS E %rtroned i n unused areas of

t RS LI P OPY FY T BEt WEEIF R RSO P Agtessmestiana) wgwraf FlgipEaaken along
line 49f of PE5.f3 &vbvinidR t e

eoone T L e oS g\ Ot g P alnde e fir
metal rt@l’ealwl“d? @rsesmri masll $yenrt04.n AFse€ond viacddtheminetthehd sdcohd metal

oer TR YR P R et i o 9 s o

fourthVﬂnatalﬂrIerr It Thé simb¥értof402, stubRree®RN G oWhan 498, 3@5’? sitioned in
the third via 410 are in a stacked arrangenent. h

unused preap af G chp tpbriyesen dlie varmys 30al paysist | oned beneat h

t third 16 of th
DRl 3 VA GHR G g ot ok BB Bo14an
fourrhaewom; wfahalﬁrgtaxyaxl 1404 300, hownth 'FIGTB! @nnk@YEE iAPSnetal layer

hﬂ@gh the second via 406, The second via is
304 toc% tregiaklgyaryld 2 tlyigp gty theetray vip 402 rtha seeondh vudf)$ ardethe third via

410. THY fid: Vihao4 e

H é OV\lIn gn]tgfr:] %:Pn%auaeg%gr\(/dl tggvttg &A(/élglggfe rﬂu%agg (g?rrangement

Eadl@ﬁbtsabn@otmbe&ﬁS&&iﬁ@qmﬁmmhﬂt&ﬂmmmt&@ﬁﬁﬁdaMQQZthhmthudrow
resent |nveﬁt|on for detectlng a 20 short

h
316 of i SRHncar i SO eNH & Fivirib 6PMSH: fesecesenngeLicgss 404 (o the

-third &9 lap&! meﬁro@éﬁ IfeSdechiBiaMopY C’ltﬂérs%c?ﬁ'gllzvlg ?{'gcgtjé%tgg td”‘the fourth

first metal 503 and a first neta
mﬁ@l@yﬂTﬂ§HQﬁ@§hﬂ@ﬁhﬁdgur%ﬂhon The first netal line 504

on the first netal 502, and js
BBl PN HRE 3 P i sl batbin i 61 S gissicumber of
test stﬁﬂﬁlresTb\(G{) imah&laciOBY a@lordaBsd vall! UL MERS: 20Rnlish $8BbLrecting a
to be positioned in a relatively small, unus J

enough
short %Ptt %sf?bethn rsf @i pery st srastigis 15@0 li€ludes adesi grestsicture 502

Compds er o efat gsqérdﬁg?aué[gs&@%bp #44 Q%%Q’Eréheﬂﬁgf Conftgumuon

The fnatrmmtl line Ss)pas @o0conacwvad es tlfeOIﬁrsDﬁféta‘l ip@disuY, £fd RBaced from. the
i 5@ %bggir of test structures 500. A second
irst meal pad (504 fyup drggease ePdde fustersnbermit tast q@raratumﬁ%cs small
enou | v a

O BT 2 R ul? S e Po A (T8 PR By providing 1C
desrgn@t@nn@cased fteait8lityhie the positioniepadf thadirbOfumipchfi tBstsp@ctses 500
while f59 hﬁ secondfnetal Rad 507 by a_second space 509.

e f& bt ds ARPU 0! erc ok 81 aleh dpharsitionimpt Hlenfétsamuw&ar of test
structuigb0gnd a third netal |ine 512 having a right-angled

configuration. The third netal line 512 is not

doperesd éfdit sloudtiyre SDﬁrlndUdmtaa‘tecrmdrrﬁfal pad 607 asd Spmd metal line
hird space 513

f
508 o el b8 e e membind ROt gomected o
the secoAd nedidl pad f5our it RBpated &8 Bd Second rﬁﬁ’éfél%dZSOza 6@5 gg(%ogtd space

configuration. Again, the fourth netal Iin
509. connected to the fourth netal pad, and is spaced from
the fourth netal pad by a fourth space 518. The

first nunber of test structures 500 has a ground grid
520 surrounding pairs of the first nunber of test
structures 500. The ground grid 520 provides a
connection to electrical ground for the first netal
line 504, the second netat |line 508, the third netal
line 512, and the
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10 fourth netal |line 516. The ground grid 520 al so

reduces the effect of any electrical noise or

interference caused by the presence of the first

nunber of test structures 500 in an I C. Preferably,

t - t re :
}Qethgﬁe g%épgtn?{ﬂu% flo%?mﬁgltdi? 5%91{]56 gnek?aﬁ p%B%;irl ta}nléiu ghr }dl %gfcél line 512

havmgﬂn&ggr—ﬁngiéﬂ gorifhubatdni STieoheched tife M & f&tdonGédted to the third
in a particular |IC through corner. bond gads

metal lefrdoil 1s ARshitsPated Seame ehet tBird meta ppd el 5 by thipkspgeodhdl gri d
5 P f t
K%t CBERRELY el U { it TPl 0 BBy et e s
having elsahighe comfigun@iohe s Againt teefouthr metae hﬂéHSHBQS”n@f cbfnecttd to the
which the first nynber of test structures 500 is being
I

fourth qaca] paglranddg spasehirginathe i digmetabpad iy foprthisPagerds: and
SRRCR: BArARSLAA S U300 B | BRb GEHCRH RSB oy o

first nypabdri utarstrhGureRrSeDe ksl gtpuxtdﬁgrmﬁéﬂ@alprdwdtesa &hma&td)nhe electucal

X T MU AT T S L

fi thtnth@aldﬁélsge "TtHeSrrbRd SRASESP alsb bede8OmBRFPEF hny electrical
Pl scover ed thgﬁythe %?gundaérl% 50 S houT d ba apaugcal noise ot

interfetdnce eavdedesy thﬁepnt@glcgmfr Ueefifsomumbtabf ltésneguctures S00Far an IC.

prter B2 TR gl S E T P MRl S BB S gl s
in a pattichlarMCC OB, gré iR sd0 kicB@sectda th e efdcirihl %1‘«5[“9@ in QEartlculal IC
t est structures 00 25 preferably shoul d be about

througl ca@erdpendarads (s sbpramestashnsiub dhdeoragss of the. gedund grrcb‘ﬁzo
%Qf&a%? gtBé) lfrsq rﬁbderlsoﬁqgslégsg? télﬁ ?:eéﬁv% gzﬁ rtnﬁtn] gé%s rhd spaces sized

relatnvdi tti &ﬁ: d631gn ruleh I’foﬂﬂﬁrpaﬁ“dlcﬂﬂlal I inawhARhahe |fﬂr§ﬂ€1uﬂfbeﬂﬂﬁ te’f structures

e first_nunmber of test structures 500 is touchln%
500 is bg@ga@%dté}@@ée%@mowﬁgg thatfbe gnepgl|lineg, andyspagey i the Tirst number
f C {UQHJ tine I e(
of test rréet el rés 9@6 $ﬁe ghl%r %19% ?Hc ﬂ%l%tfb% W%Cea%ezs eg?xt ﬁg&'eﬁr%[ "g gaﬁ%ular IC.
Preferabit, athe padal tinep phmﬂd thei gkﬁd wban twicpdet édidy nde eametal lines.

pte e SRR S50 GR G IE s pto os

been d'is%o%i‘&d 'tHht Q%?%d%ﬂdﬁ?@ Sh&i§ ¥l Ao HIEL BhePafe dd&in rule for
net al ar ger than the size of the defect

nﬂﬁﬂ1UWereby naklng it easier to observe any defects that

e detect under the i.nfl uence, of the am tin
Tl chRufe. e CSknlfs it REE° arartefy AT Gt 020
micronSdH@Wpaddd 0. 21 @fekoR] @B MéBWiR)s iA (HE e uRvebEf te@f sth@ﬁtres 500
structures 600 manufactured in accordance with th e

preferaglyeshanld pevibeiti GA0 fraicrage tleec spages slrpuld bppéauicd. 2&: unucxon and the
def esloudhe erpf test structures

ground. %? ciegh uld Qe ?l§c%%;f %r}?) %S) " Eg ¢ JHamugl pC% rsrlsz s }nnabccgrdfamfet h/lth the

demgnﬁﬂéﬁl pad 603 and a fifth netal |ine 604 having a

"T-shaped" conflguration. The fifth netal line 604 is ]
Ao AR@aEQY ik pmetabling of operftthag fiysh AuBDS, of derd siructuss S@is touching
f ' 605... . The. .

its 885022[6385!0811‘5 éééié?ﬁég %l?l)% Q%ﬁ?rﬁ%%%l‘pg%&gB%ﬂ glllgsr%&iﬁglﬁlgnagl lltS al's]§oc1ated

metal prdoUthk short Récwio siill icausedhé Bnt&e medtalt padab\appemIbrightiwvtse thspected
portion of the |IC therehy grOV|d|n | C designers

by e-bgag {egliRgeAURTB 35 |pralier4 @ ﬁ@y Bbdiet firsinnpbes ol {956 SEecswRg S00 in

which fP\Q'méz%ﬁl lﬂ{e L &dF i dndsd: Wi Slts6? goé’i@t‘eh FndeQ %!gnlg}etl?ﬁgl pad is larger

anmount space on a wafer for positiorni

second nunber of test structures 600. A sixth
test structure 606 includes a sixth nmetal pad 607 and
a sixth netal |ine 608 having an obtuse angl ed
configuration. The sixth Betal line 608 is connected
to the sixth 15netal pad 607, and is spaced fromthe
sixth netal pad 607 by a sixth space 609. A

seventh test structure 610 includes a seventh netal
pad 611 and a seventh netal |ine 612 having a
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20616 having a straight configuration. Again, the
eighth netal line 616 is connected to the eighth netal

pad 615, and is spaced fromthe eighth netal pad 615
cond nunber of

i ght h ce,618. . . The s
than ?pésst s(?r tg%tdﬁgezé{sj a@fﬁ? YHEAIRE 545160 1Y Pg%FrBCZ?)“ysﬁ"rfFﬁa Rt e detected
undeptat iifluehcd Sahs eGRAM EdiRbBRhnPeheSt structures 600. The
ground grid 620 provides a connection to electrica
grisberang apwt e 16 Htthemist iglshpwnaneblirgddhslas iviewhofesadond number

[ nth metal, line 25 612, and the )
of te%%[gﬁcttﬁrgr%g?éa F’n%lnlﬁﬁét%éefgm afﬁ%rda?cgu\ﬁah il:aesgﬁbmé(pgtbon for detecting an
open kiduic @sfettheTief fee6iid BhimbB&aYofeeQChiubedds U0 B81uAEs a ﬁgth test structure

interference caused by the presence of the secon
602 qrmpsistngon gk imeial pad GP3s2ng0@ fifth ametalCineP664 draabiigya “T-shaped”
. [ 0 5,5l zed to be ahquyt three tijes. .
cont S M L e 3] AR R0 bl 5 SRR s
from Hiedifth matadl padt 603 62Q fifth §ROHE0S T ht Qe@Ad MusBEF bERLt structures 600

1 .gr%%ﬁd in a particular I'C through comer bond pads (not
also 15 I Frotshae e Pasy I Rd it 8 relat welp fmeh eunysedi part@o gf itk IC thereby

(&R0 IC desi r. & o the . . er .of test
o BEEAC e S ESOAES RSGE L TUTAE Py L85k o ot
structurgh &0 wehilegeduvinglé®i mount béspdceront &afRifol Fash@sniddof fhe second
bmh%ch t he secgaﬁ nunber of test structures 600 is
fium %é?ﬁ&“ﬁggﬁmef as been discovered that the netal
| hnggl B HGosEC 006l iRAIRE L Flint b pif SUCLHT £330 fheral line 608

_ shoul d be about the sanme size as t design ru
havingran gibtysi rragled anedfigiration. h&'hs paak snehiolined6 e isahidubett e the sixth
sign rule for aces in a particular IC It also
metal pREGERAR, PAGVErdn “i?ﬁgséi“%fﬂféa‘g&f’& d bra ¥X 202t d be
abautertitegesthiciie 61 henciRR: dRevdatembOl pies Al add zp%%entl'i etal line
SFor exanple, if the design rules for a particular &
612 hayjpgia yehenaled qondigurstion. Jthensaventh med! Spaced iofconled to the

' t. i ih the seco n r of test
S e T s
t Ae efghecest sioulred6 beinehoids a e BibinethDpad GIFhridng eggmy Rbtal line
r.id should be_about 0.60 mcron. The m ni num pad size
616 hixdng 4 2dF ameaRien risaindds gighthumesl lingI616 is connected to the
iohthQR&AIBE 5. A ; ' second nunber
BN, s Bkl ARl Bl 08 BERPEEM PR o1

opEnsecprd mimbdretivies strutterdsrook das aafralnd grive62Nshirtdusiding pairs of
en circuit will cause the

associ at ed .met al pad. e ) 1 .
the se R Pl ol e P st TRSrEOUHEHd 64D arce ey connection to
electriéd t85 tHe Fort1E HHdt 4P MRR 602 SthE Q i i
se?%%g?nunbgr of test structurgggg%%ﬂﬁﬁeaﬂgbﬂ£€%§%ﬂlm€MIhne
012, apdith¢ cighhenietl e Grtokdhe gitvndnptidl62padsd sedhatsgde difeanof any

. Sl ze. the defect, thereby 15making it easier. to
ctecriloRt 8RR k8Bl DB AT A o o1 &Pt
600 inianfICueneferafy, (e @uhe il 626 1d 18O WeIBBIM three times the 8esign rule

Referring nowto FIG 7 therein is shown an enlarge
for mefyl lines ingvpagiculartley Meheesrownt grad AL isworssctadabenrebattial ground in
: i ' nher ,of test.structures 700, a
@ parti A IC B £t (B PR RUABRLELRE (oftran O B, eround
grid 628. ninth test structure 702 includes a ninth netal pad
0 704 and a nmetal conb structure 705. The nmetal conb
Teigably shezggsonthBumber ofdest sipeturns 6P0das oreta dinedl atd spaves sized
lativéig thB ﬁ §@ cond partion 710 connected
VRS a 8%%‘?1%"1%?@8 Zk%l Lﬂ%\% Igﬁlﬁrvglbl% SREONHTUPER Qhfist structures
600 is being estd. sitrhas theee diséredTiiat ther MtaPRAdsi iQNhd 9& 0B Qubdber of test
second portion 710 of the netal conb structure 705 are

i nterl eaved and are not connected to each other. The
ninth test structure 702 Ps designed to detect a short

circuit.
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25Preferably, the ninth test structures 702 has netal
i nes and spaces sized relative to the design rules
for the particular 1Cin which the ninth test
structure 702 is being used. It has been discovered
I [ St .S r 0]
structJSrEé"‘B?G Eﬁg) %g &Pl)dt\?mﬁ% 8&? EH% eag tl[fét @es Lﬁ% NE F %&{tgll lﬁ]elz,naélsd’ that the
spacesastobutchid albce terachs dedigiuhde e @hwtmtehparﬁaﬂﬁ HS [theso has been
. desjgn ruIe for spaces in a particular I C 30For
dlSCOV@%*n%Pfet € gropik s 2 rhpuidele plput ghigg times [hedegign rule for metal
lines. Specify netal lines of 0.20 mcron and spaces of 0.21
mcron, the nmetal lines in the ninth test structure
70@ qxasipéy, afothy dshgmj hdedor alppudcular4dQ speafometat Heessqfak®® micron
shoulg be abhout Eﬁgron and the ground %rid
and SRRy O St Sicater dinghin Hhe SRR NRHMRRA Plstestestiugtures 600
preferaly 3RGRA ARNARuWOLID ﬁ]li@org%é QPad'e%”sﬁéuld be about 0143 micron, and the
operation, if part of the fifst portion 706 contacts
groun6bar1d sbduld the abeeidh 0 poctonoMhElfintrausi pag séue ielie ataordzabe with the
d , the entire ninth netal pad 704 will appear
emgnﬂ??éht when inspected by e-beam testing equi pnent as
CRNGRE ANt O AnetdHf 1idd18f BhOLI theSdcotd fnu%ef 8B t1ekP2irdidlures 600 is
which there is no short circuit. 5A tenth test
brokens tthaye tWiH de andofien glinguie detaweea rihd bméctralmqmddmzmdamhsmmated metal
pad. fl‘?({ B eer}lt (IIlIn %xitl%llla%ause réh ndfl‘es .Fgeg étg %Bh%)ax té]?eli wgen inspected by e-
beam &:@tﬁlﬁgi‘&ﬁmphﬂerﬁ[ﬂsadonipa%i‘i t61dhyi & &@@B@ﬁie{ﬂm{&r o @es@E@ktRckes 600 in
rid 712 that surrounds the third nunber of test
which ghe mefal Hesisoobrofpe Thantstal pad isslerege than éhersize q>fsthe defect thereby
. i r Prefera
makmggtﬁ@t:zﬁ[ét?g% E)B%etqfél,l gr?}b ggﬂgcrg?%ﬂ a?é dgtlé%t%(il u Eehretge érﬂ‘ll eh(be OF the e-beam
&mﬁngﬁqnq@nmelatlve to the 10 deS|gn rules for the
rtlcular which the ninth test structure 714 is
STRIGIng SRRy |t? ﬁ@s Tpderrinis SRt @B anlged Ren paey) of| 3lisete test
structu'ré!; bt £ RelkfShs ac'ttlm‘tph%ge ?thﬁqwcglr&eﬂﬂp%{g rﬁz{h%lf]actured in
sane as the design rule for neta i nes, and that the
accordgpeeceish gtequistnbavaboert. Awintb tehetrd@siegii2rintledésor ninth metal pad

paces.in artic r e m ni mum i ze in
704 arRE R sBuBRER Sl Thg et el e risk o e« rigition 706
connedﬂ&ﬁ to0ihe i8St pa PO AdCalk@dont GosRECT f(Y coRkakd kb B§Sound grid
of 0.20 mcron 15 and spaces of 0.21 micron, the
712 th%@ta‘romnriﬁ e thard lménlveé rifHegtesstucaresydd0ur #hg Instmoeﬁ@rr 206 wnd the

u m.cr
second e 3 o e iy e B RRuRbit s BB smmpgetcd 0
each ofhefi 0T lﬁh@nest'ﬁlﬁr&ctﬁtem mwéﬁgxeﬁl t8 Getest 4 dhoRGERuEaNce
with the desi rul e In operation, if the
JEPISERIY. e w&t Stlsrrﬁétuwigo?-élabrr@r@éhn%w@ spaceanizeperative to the
i t a
dsion S WIS LTI i BRI SR, 1
been d&@ﬁmnaﬂmdtﬁeanallyhn‘a‘s ih liee fiah fastt ssitugd TOX HoueBbed dbult Bwice the
there is no open circuit, The foregoi

ch ng.
design a\élgc,f?ﬁ Betohngtadndfbadpr peases Howdbehane thegrms apFhe design rule for
Spmﬁsghgggh&uﬁpﬂgltlons resulting in the netal pad of the
rel evant test structure appearing bright, and the
ér skangle, i ftheogsipnciutes fot a pamiditat ((DSpd’ch?uhéthlﬂg)eis f OI2© micron
i n tES tal %F of the relevant test structur
and spagshhPiZh ghigeank they petg) ines iy thegpathdest stractiisolie Rsfprablsgshould be
about (‘) R0 tnlﬁ@roﬂr thet &estéﬂgulkarﬁegmou@@dzldlﬂfclfon 2cl§d qpﬁp gﬁ{uﬂﬁé%dcﬁguld be
be changed and even reversed in sone ul pnent
about G.@0 midreseT b@mkumuunpad dite ialiss mccmdahcé)mthpmaieergm rtiles.
those skilled in the art that several of the test
structures described herein can be positioned in
conbi nati ons to detect botth short circuit and open
circuit defects in the sane general area of an |IC
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Referring nowto FIG 8 therein is shown a flow chart
of a nmethod 800 of testing an 30integrated circuit
using an e-beamtester. The nmethod 800 includes a step

S B AR o etk B s i 10
causin@ @i tel @bl YAdrhithe édiBe ATRN ALk Pad 702 wﬁneagpgzg%  when inspected

providing a netal |ine connected to the ound “gr i
by eRgem pewRtIdyiRSRE Bs ch@psisdde annrd the singlp t808traftures 702 in which

] he integrated circuit wth the e-beam
thmﬁ?é@?%ﬁiiaQME' Thus, it has been di scovered that the

meA Inanth &3l s@pae J14SnQhddsheeRheaeal pddY BNAAPR sEPEtiR netal Tine
i mportant and heretofore unavail able sol uti ons, '
718 qonpeqsid forthe senty st pad 7l @ abne rdadliemothgesnd aff the gerpentme metal
. . ' ontrast.testing . ip integrate
ine 8 e O P Kt AR 2 snds Gt g A AC s ructares
700. Ste adrgitebonmangs 7 Brigriesicaal o dereoPbpenatedi. hi ghly

versatile, and effective, use conventional ' _
t Zjé?fg’@lb gihedenty dept airectyngyd 14 basangtpl kugstaed spaves sized relative to the

; t ML DG ] I Ch L CUI vices that. are
s ASLUE PR SO1AN S ORI B wed. 1

been gisonesskbaathd neadhimet dgilesSteenth test strk&t@rePdT RIS be about the same
jdes test structures that are easier to

s PO 08 e LSS s b e e

spaceP 8T 4 ?ﬁrﬂhﬁlﬁi U En e ARRE N Sal iR 8AL A& &i?huihtg%bsig{l rules.
The test structures of t'he present 1nvention donh
r Equekamplerif thealesigh awales fig.a Famictiar Idospecify bryal iads H€0.20 micron

and sifRE0! 62 Hferp B B gt e b wisie Th b aplasiould be
aboutf0020 o, BBt spidetiChalll@De BBIMED hEShich Yed eregﬁggﬁ%g{?ﬁ should be

present invention also are designed to test T
about @l micrqne yfhegninpraumiped size jis inuict@rdamceswittt thagesipn rules.
e C Tty In.addition, test .
ST BRESRC HAR selpefipe e 1‘&86@%&&’6@% FHSIPREN P88 gieuit, the
entire jtentle mieitad rpaid (Ml 6 ol pb & SErie hdeh ispadted 8l c@Rtiesting equipment as
i n erfer?nce into the |Cs_being manufactured than
Compaéﬁ%‘; D 4oy P! thestenidytesh srvgtases 7Oy hish these ismpeopen @gcnhas
b | En copj.u L i th . ecifjc best. :
oo ERSL Rk, BRSHAN Miq CreDBEPt abfiacobi condiions
resultinp i fhiegnethlopesl, ofghel ralaanatesoNsicire bp[hﬁriﬁ@ p?gmnbnd fhe existence of
those skjlled in the art jn light O the foregoing
open Eé%ui‘r F?H‘i‘% 1S KSRGRgi Aoty 1 the; Befahtraddel the relptanadest structure
ch j I Ei {0 a riatio
el L mer Rt A At N OB o (R 8 YR gt dan

appeargneg ¢pg beAhpngedtand eserhievhised trosdngr tEStSBqtlipﬁ‘rmtht fbghlﬁse kcBndifions. It
s are (0 De

O N T O CNEN —

herein can be positioned in combinations to detect both short circuit and open circuit defects

in the same general area of an IC.

Referring now to FIG. 8 therein is shown a flow chart of a method 800 of testing an
integrated circuit using an e-beam tester. The method 800 includes a step 802 of providing a
ground grid; a step 804 of providing a metal pad having a space therein and positioned within

the ground grid; a step 806 of providing a metal line connected to the ground grid and
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THE I NVENTION CLAIMED I S: 1. A nethod of testing an
integrated circuit using an e-beamtester conprising:
provi ding a ground grid; provi ding a netal pad
havi ng a space therein and positioned within the

positiogx%g Eﬁ gleg{d;age; aaﬁg fagééés;??é?@ oft 8%%%{1?% h@%nt%gﬁ?e%cé%%tt\gltﬁ H‘ne e-beam

Ione
m93rprocessing t he integrated circuit MAth t he e-beam
teste The nmethod of testing an integrated.

chrL@uitthaasbP?fg deﬁm@r%iem thesmethod and |agparaiys jof tfeq iepgNL invention
fumlsﬁmﬁliog%rﬁnpr;gl q{eﬂegoi%r l]ﬁrﬁlvall &g&{be&t éjcxlp ?n{icp uthlctlonal
es a net e |Ca y

pr ovi |ne I'S not
advantagm;nﬁﬁt m‘fdrmmg‘leomeaborp%c te&h&g dbyintegpoal bhe.uts The resulting
occgrrence of an toele%trlcal short circuit, betwee
procesg gad peatiguratiqns agg, siraighiiony eﬁ%{w)mlgﬂeumhcggg, hlghly versatile,

and ef?e%ﬂ@@rlﬁe WohgaﬁloHﬂdﬁéhmésnfa QRe ﬁlugfrezﬁllﬁ s%xtpéa‘?&] manufacturmg

tester. od o testing an i1 nteg
integratéd cqnnctut ude¢vigesarhae- oreafllye sbepadise civith rredmentlmiaal mahufacturmg
mher ov1d|ng a netal line connected to the ground
mouxgﬁﬁ@ ‘%5 Pl98€Sa netal line that is electrically

CORNEEIAE il Rnlife pRRhid@s RadruReLLRY MRS review and analyze
occurrence of an electrlcal 150pen circuit between the

therebyrgtcadasing iee anlltytth eenteltnafalkumjanaﬂ)h;a cvfemagrapralctuapqmear s
u he | uence of .the.

k d
AT b oPT L PRgen ATES dEodebi redrs “agical stackine.

Fur theﬁﬂox@ BR@Mah &t @kd as thd &L HRsHUCH 1t§élﬁtH&ébyVWé§u&h§ or eliminating the
prOV|d|n& a netal line provides a netal |ine of at

need tq wsgsvalush %wC%Pmaﬁﬁﬁbé@Whﬁﬁetﬁawﬂe@tuse angled line, a
r"h%htte &d lcgﬁiesl bPfre Sresc'en'i ok 208 a8 d%mg SRR lforrboth open
it er

circults and short c1rcu1ts, resultmg in enhanced capability.

In addition, test structures manufactured in accordance with the present invention
introduce less electrical noise and interference into the ICs being manufactured than existing
test structures.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the foregoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the spirit and
scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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20comb, and conbi nations thereof. 5. The net hod
of testing an integrated circuit using an e-beam
tester as clainmed in claim1 further conprising;

cond net al pad having a space therein
TTHEngﬁhqbﬁgéﬁwg ER $Bhe ground grid; and 25providing a

second netal line within the ground grid, mherein the
sqcond o.the gro r
2 on TRB LSS, A ONRERF Lol LS 5 ARG Mg

t@shumgga@nmmﬁqgkated circuit using an e-beamtester

ri.sin rovi ding a ground gri d;
CO Pﬁa%&tgmﬂ élF‘Y*E‘% aépa%éb%zﬁlrpea@s)%é@nemyvhwghaground grid;

S ﬁﬁ@mhg%ﬁéteﬂ lﬁl@‘ioﬂx’f’e%'[éd' 8 '?l?ed%‘r%{xy ng 304 b Qi r{e én H% &gﬁc‘& and

provi dihg a plural es w _ _
gpigessiiptheimegaet Cﬁ’f:ult hahphmeabamyqs@ér. metal lines is
connected to the ground grid, associated with one of

t Be pl Thahidiyododf Bk arPBdSradidirBas Lih A8 -t et gkeclalmed
pace of its associated one of the plurality of netal
in Cla'ﬁaés}v €519 psw@eé@smﬁgl ]till*f-écquﬁ@tgd &1 e grourciugrid piovhiles hametal line
od.,of testin

that i€ nG?@fac{rﬁgﬁ connected to theTHq%t %1 n r\ﬁhteéegtye}lp%%?ﬁ QFHiggnce of an

Integrated circuit using an e
electrical shbeaticinc@it bbereen mqomet\al dhdrgncehp Ineall gally the fmdiBIt Al appears bright
within the ground grid provides at |east a
under H&r‘f‘ﬁﬁwcﬁpff &Pl hiefy of netal lines that is not
electrlcally connected to an associ ated netal pad,
wher ebyhe gs8ipdtafdedingan lémgeat@f Clafrwemsemg pi ca)leamhest«tr as clalmed

tion of ge nmetal |ines @
in Clalgisggﬁegﬂtugg%\wcﬁ %g rReggl Ifr}?ecogrslgco%l e T B%%\P%?tal line
that 1sb3ﬂ¢ogdn¢alllymd>ﬁnedtélmol the InweflGedolvhtRBy &pbe &b §REBHce of an electrical
open circuit between the metal line and the metal pad, the metal pad appears dark under the

influence of the e-beam tester.

4. The method of testing an integrated circuit using an e-beam tester as claimed
in claim 1 wherein providing a metal line provides a metal line of at least one of a T-shaped
line, an obtuse-angled line, a right-angled line, a straight line, a serpentine line, an interleaved

comb, and combinations thereof.

5. The method of testing an integrated circuit using an e-beam tester as claimed
in claim 1 further comprising;
providing a second metal pad having a space therein positioned within the ground
grid; and
providing a second metal line within the ground grid, wherein the second metal line is

connected to the ground grid and spaced from the second metal pad.
6. A method of testing an integrated circuit using an e-beam tester comprising:
providing a ground grid;
providing a plurality of metal pads each having a space therein and positioned within

the ground grid;
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8. The nethod of testing an integrated circuit using
an e-beamtester as clained in claim®6 wherein
providing a plurality of netal |lines within the ground
grid provides at least a portion of the plurality of

|,.lines that is electrically connected.to an.
2Qising APty o SuEaCEn, i) o5 BBRSE i cufifeianaen of the
of an Fﬂu@m&y b€ let20 PaBs Elcbﬁh’édtedol%ttl/i@?fbuﬁd RA! 498cifbd Wil one of
metal |ines and the associated netal’ pad,” the _ ‘
associ edduighityapl pathl apdeand pesitikneshuéhin the spadd efeitc associated

of the_e- ter .9., The nethod of testing
an int%%?gﬁggbgﬁgggpgnﬁg?Rakhﬁn%-bean1tester as

Chrdtemeihgithe Glepirite® ch\BY @ith (Y OWdAh fged pl urality of
metal lines provides a plurality of netal |ines of at

29| easthORR iRl & wWstidaREdeld& ciddhiORiiS S ABGARFedidi"R claimed

aright-angled line, a straight line, a serpentine
in claifmj hewheigin providin geaplachlicpabmne@ahbnasonitiin die @nend gréd pofvides at least

10. Th t hod of ting an integrated circuit usin .
s pordbf o g Al BT o sl ainey s LRy fBRisd g an Shsociaed
metal p@BSYhetety, upbn PR bé@Rede s BlettFidhll dbriQfirclBRIwdehNeSortion of
Is not electrically connected to their associ ated

the maigl Ifes gaddhe agsaciated| raetek padl, seecensdcipled tiasal i apipears bright under

. j f 2 al lines is electrically connected
thenﬁﬁ%H%ﬁgh%nggggigﬁéd netal pads. 11. An integrated

cjrcuit, for testing using an e-heamtester conprising: .
2gr oull Gt o frdg B HEUY g %-ﬁ%%itﬁt%ﬁg claimed
in claiR@whéeMasoWdtdyl IpIRGingsOMBE! Bdsdvit AR thetrORIBrid %r%@ides at least
connected to the ground grid and positioned in the
a portigpaé éhe poraityieé mataldgneatlead igelecwically oonricetstitngnusiavipted metal
pc. e AT S5 R4 bR R B MRS SRt e

lines ahd 0 dsbadiate® nie@s iphd QR€dssobiateden&Piasa apPear@hrk under the influence
electrically connected to the netal pad, whereby, upon

of the ¢-Rearp éesify ence of an

9. The method of testing an integrated circuit using an e-beam tester as claimed
in claim 6 wherein providing a plurality of metal lines provides a plurality of metal lines of at
least one of a T-shaped line, an obtuse-angled line, a right-angled line, a straight line, a

serpentine line, an interleaved comb, and combinations thereof.

10. The method of testing an integrated circuit using an e-beam tester as claimed
in claim 6 wherein at least a first portion of the plurality of metal lines is not electrically
connected to their associated metal pads; and at least a second portion of the plurality of

metal lines is electrically connected to their associated metal pads.

11 An integrated circuit for testing using an e-beam tester comprising:
a ground grid;
a metal pad having a space therein and positioned within the ground grid; and

a metal line connected to the ground grid and positioned in the space.

12. The integrated circuit for testing using an e-beam tester as claimed in claim 11
wherein the metal line connected to the ground grid is a metal line that is positioned in the
space and not electrically connected to the metal pad, whereby, upon the occurrence of an
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el ectrical short circuit between the netal |ine and

the netal pad, the netal pad appears bright under the

i nfluence of the e-beamtester. 13. The integrated

circuit for testing using an e-beamtester as cl ai ned _
electiiGal shogf fiycpt Refweesi the neeal die and thenmetiebpave theeetabpadappears bright

mukﬁ&@%ﬁﬁwg&éaﬁhéa%eggk knllne that is positioned within

he space an ctrically connected to the netal

n.the occurrence of an electrlcal open
P T P SO e e & Rbrmiseet apslaimedhig claim 11
wher¢iRtRd miead liap RedeStedab khdl %ﬁﬁd t%;ﬁ@ it Afh4gNGR @k fsgb%sntloned within
e-beamtester. 14, The |n egrated circult for te

the spagp @deﬁllﬁcél%@&moﬂm& toathe ghetahpatl, |whemd:bg4 upchlthe occurrence of an
f at | east one

elect%@?é&{ln?mﬁcggtebn?\iveeﬁ tlhe t%é{ﬁ% mc?i ﬁeg Ing:éaqlga ,ethe feptal pad appears dark

underrth hiftuangd didhd é-Beam sk ai ght |ine, a serpentine |ine,
an interl eaved conb, and conbi nati ons t hereof.

134, Thepk nﬁt@@ﬁ@ﬁ Rekcgit T&%&lﬂ%%sy\%eaﬁté %nyt%gtglgasaaal?ne%eg Waim 11

tester as clained in claim her
whereaip gsridetaiging] is pa@bt&idmem)@ anlespane of hdr- mape(pb)ﬁel tah @B&ﬁe -angled line,

n.the ,.and 15a second netal line
a righabilef iphee %F%éﬂﬂ fgr?a?mﬁmﬁ if- AR ANISREVRE CREPaRn] pefebinations
theredfs connected to the ground grid and positioned wthin
the space. 16. An integrated circuit for testlng

Ussng ghe ErcbaRY LRSEiffor GERE 'u§1nggn eedlOung clalmed in claim 11
further comprising;
a second metal pad having a space therein positioned within the ground grid; and
a second metal line within the ground grid, wherein the second metal line is connected

to the ground grid and positioned within the space.

16. An integrated circuit for testing using an e-beam tester comprising:

a ground grid;

a plurality of metal pads each having a space therein and positioned within the ground
grid; and

a plurality of metal lines within the ground grid, wherein each of the plurality of metal
lines is connected to the ground grid, associated with one of the plurality of
metal pads, and positioned within the space of its associated one of the

plurality of metal pads.

17. The integrated circuit for testing using an e-beam tester as claimed in claim 16
wherein the plurality of metal lines within the ground grid comprises at least a portion of the
plurality of metal lines that is not electrically connected to an associated metal pad, whereby,
upon the occurrence of an electrical short circuit between a portion of the metal lines and the
associated metal pad, the associated metal pad appears bright under the influence of the e-

beam tester.

18. The integrated circuit for testing using an e-beam tester as claimed in claim 16
wherein the plurality of metal lines within the ground grid comprises at least a portion of the
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a plurality of nmetal pads each having a space therein

and positioned within the ground 20grid; and a

plurality of netal lines within the ground grid,

wherein each of the plurality of netal lines is

: : N j i at w th one of

Pl P b g e BTG b RSpty bl P hercby
upon Hpaceuroince b§ amskoricat gnaneuiohbetvren pl poradi b thefmdt@tiales and the

.Eaas. 517. The iniigrated circuit for testing using an
associgtefnglalipads Br associafedimgdl had appearhilars upker &F influsace of the e-beam
tester.pl Urality of netal lines within the ground grid

conprises at |least a portion of the plurality of netal

I igmes Is.not. el.ectrically connected to an . . : .

a?s]'oci EF ggltéé?tg?tcgguaf%\m% BRYSING A8 TRE GRELFS Weimgddp claim 16
wherenthe lphatlity Gl mahiolides a$ & UIrkli IR 1#hel F bt RAsHneldF& T-shaped
. nmetal |ines and the associated nmetal pad, the
line, ap obyiss-anglgd Has. 4 rlgjxé@nglsg@gga,sa Wi gt dineredserpantiee line, an interleaved

combﬁﬂﬁkH&Bﬁ%d&kth&%oF' 30beam tester. 18. The integrated
circuit for testing using an e-beamtester as clai nmed

i4h cl abm 1 erein.the plurality of netal lines

i o 0 BRePUE G 6 it Puog Yol heBRuposr fciame i 16
whereinha 143t a plrstr @riiéry oPiheBludlicy diN@Stal NAks dsShotbRELIhERLbdhected to

. connected to an associ ated netal pad, whereby uponh the

their agzaciptGdometrl prdsrangd]asdeast @siecaseportipn mfithe phralgmfanetal lines is

: t - . li,nes and the associ ated net al
elecm%g@,dotg %Q%js%gg?lg?ég&#&jé]?&ap}é)&g%ippear s dark under the

i nfl uence of the e-beamtester. 519. The integrated

circuit for testing using an e-beamtester as cl ai ned

in claim16 wherein the plurality of netal lines is a

plurality of nmetal lines of at |east one of a T-shaped

line, an obtuse-angled line, a right-angled line, a

straight line, a serpentine line, an interl eaved conb,

and conbi nati ons thereof. 20.The integrated circuit

for testing using an e-beamtester as clained in claim

16 iD wherein at least a first portion of the

plurality of nmetal lines is not electrically connected
to their associated netal pads; and at | east a second
portion of the plurality of netal lines is

el ectrically connected to their associ ated netal pads.
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