;e3er 6r 223444666<6T6"f 3SPLANAR VOLTAGE CONTRAST TEST STRUCTURE AND METHOD
TECHNI CAL FI ELD The present invention relates generally to sem conductor
testing, and nore 5 particularly to test structures used in such testing.
BACKGROUND ART In the sem conductor integrated circuit (1C industry, there
is a-continuing demand for higher circuit packing densities. This demand of
i ncr eased p%&&@U%Tﬁ%C TmTtwrgssﬁilﬂéﬁE REANDWIETHOD 0 devel op
new materials and processes to achi eve sub-m cron device |0 di nensions.
Manuf acturing I Cs at such mnute di nensions adds nore conplexity to
circuits and increases the demand for inproved nethods to inspect
integrated circuits in vari ousTECHYMEASTFERE r manuf acture. As design rul es
and process w ndows continue to shrink, |IC manufacturers face many

chal | enges The gobicevi ingerstiott melatet apenengdlyyitel damizosdyetf idsahi| iahg whird e

novi ng togge\[v rocess 15 technol ogi es such as | arger wafers, copper

i nter CATHEEELY WHastsBRetRreg e bRSPER €St di ti onal | y, defects that were not
rel evant in the older, l|arger design rules have now becone probl ens as
design rules are reduced to 0.13 pm geonetries and bel ow. Al though

i nspection of such products atByerRORFUNDASRT of manufacture is very

i nportant and can significantly inprove production yield and product

reliability j X : ngsﬂ' : . t such
i nspecti onsI,!n g?%@%ﬁ({%ﬁoﬁsqﬁtggr agegp@gljﬁgféd%dﬂ%s e’ E%&égg;??&?‘%ﬁgdﬁg%ggﬂcan be
det ect kighgacitopiti pachingddmrisitien, THie demasd obfindrimsed @heldhg dansitkes bt kedrtheed and
corrected before.%fls%}gni%aiacgnt nunber, of defective | are manufactured. In
or der YFIEUEPEGHIMUREY 1 GRFORDeRREEIR 2pd PEACETSGR10 28bieve SubENEIPR dFYIFRr S
fapy i c@hfndi®nd. eﬁianﬁfa&ﬂdﬁh%‘ €S at sk tihR diREASGHs MRS k€ cARMExi o GiBRE

anal ysis. The test structures are fabricated such that they dre sensitive

t o def @t §crdasts hecdamand fo€ imporied tragcthpdst toamspele Shitgerteds cirduitatint Yeeiops esence
of def&gtes 0i Jor e e dily ascertained. Such defect test structures often
are ‘cons% P et (If%%m{f?‘l §anme sem conductor substrate as the IC products.

Def ect det eat degosiadei® fro@es @MdowsWohtimzeroGhahgad RanifhdhRrdBedany N Such
systens, a 30 charged particle beam such as an el ectron beam is

i rradi ghadlangns tyashaeting aad mgintaieing yedds andeprphitabiliie whie mevingie neWemeeash beam
Wi f ' ' 141y . of .signal s,iip..1 varying
g FR 6ot Shch a8 1L e PP AL e AU R R A SLENG, SabBighuainy 2, O
etc. Tygfeaatlay weed muttrelevart éathenaddrolisgee mipioy relechidalow Blceaier@oblsingagl s f or

t he well ,knon% "vol t%%e ﬁontrast" techni qgue for circuit defect detection.
The vofesiFdules Ats wdbcedde RSt eepastiesandbeleWe basis that differences in

the variou SAﬁhéL%@laiﬂsgéﬁioﬁf o2 sh@s brothublC AU L& dd 9[5‘%6%.)( Qﬁirrﬁﬁltufa%ﬂlrg aySéery

differences in secondary el ectron em ssion intensTties. one formof
i nspecimpmant ed mianaignifEdnpyr iipoove erodetion heelde hgd trrvducy aletiatgltyc ahé r ast

[ e and t def.ect f .one reyeal s, the defect .l ocatjon. Thus, the

pg?(g nt 1n§¥ea§et%:(foén%?’“{yh%€@géﬂ‘f{gﬁfeﬁ acqsgogwgil?@ﬂc%fg“aﬁ?}bllf LgES QO RPESE | mage
such t haf time! PWHWRIEENE hlefdRPEdd B d@beted QlirlE1APRUSCtiR, e d4tSe BAH e ght

be di spl ayed as brl@(fht (intensity of 10 the secondary electron em ssion is

hi gh) eand bg Hetgmmiped end gprrpwied i kpfongi ghsighificatits phaperd odsdefestive( [Gweare
i nt enshltm\{%fg%lo dary electron em ssion). Alternatively, the system may be
configure SUch that a | ow potential portion m ght be displayed as dark and

a hi gh pot eftdraér tp@vticomethgploblensdicsed By eefeatvelUs gIT madufaQGRATRDYcAL eCt ron
detector is used to neasure the intensity of the secondary 15 el ectron

entssi 58t SUERAIUET-i glushtted dmclures atg wwd Hosdadent aoplysiss chhnitesy senetvtes oie beam
A def eghi: [ ' i f i.al .5t f

porti optiRePtich B0 (AMOS ARR o bRt TR R dn O LRI Rl fefinch 38
manuf attatithengesenceerisdefectgisahorerealilyt asodrtaifdde el dohketest aaptle éfesied i s
usi ng an el ectron beam (e-bean) inspection tqgol, which detects, by way of
i rradi SSHYCE %a@rs%etsﬁm&‘ﬁma'ﬂ‘é@t%“gﬁrfﬁ%%ﬁhe%éﬂ%’étsdef ects as well as
so-cal | ed " poftalfecify SPRNRbqlalIe Glifiz H&% iE LGRS tg In

- layers under| fi ng ?hegs%?% ace ?aye?. ' lZJeC%“l ﬁdﬁ%g%&%gnt réglg Sgéchcﬁfrg{seﬁ%ééa

r el t clofgadi parecle btim) suwhas ge dbasirod bepnpis ifredintedem, defent hesasirmeirab. Thadi ng
pads. Wien negative char.ges accunmul ate on a feature, the resulting negative
bot ent FEEAcIoRA e lagridiam Wil Lafes dhs Slpire eepripT oAy BT o MeTalider an
el ectron mcroscope. In contrast, a positive charge build-up causes the
feature to appear dark. In this way,l an e 25 beamtool can be used to
derive, fromthe contrast of the return inmage, whether a defect such as an
el ectrical short or open exists in the wafer. Thus, in such systens, the
vol tage contrast is sinultaneously nonitored for both defective and defect
free circuits for each | C manufactured. Test structures usually are

Y



- Existing test structure design uses a vertical structure approach in which
the sane test structure is repeated vertically in every netal |ayer of the
|C. This test structure design is difficult to inplenent as 1Cs use nore

| ayers of netal interconnect in higher density ICs. Existing test
structures also are designed to test for only one defect type, such as an 5
open cvargimpt imknsiieshaeudh ek r sagbhdary ededttanag biack—bdalttblteddekcaip@tsi, |x-tays, Bk sting
test s ruct]u addi t i onal occu ala e\ilm)unt of . s vvafer

|y ac
ki ng TYRCRI[S Fieclih heg™; RGP RS prooply clsctionsighals’ fo Be ol kes
IC”OdUC‘tw%ltaéé‘cd'?}{?t'ﬁ‘stE lt&hni 'f&tdl&ﬂlttd%&fct &libdiohures tend to int roduce
el ectrical "noise and I n ference into the | Cs bei ng manuf act ured. 10
Sol utions t'the helwemontxhﬁrtsclinang dravatesher thes bastshthatb difi ep¢nce$ injéheevasiopent s

have n t taugh S(r)f[rﬁ sutg%ggte g%é%qhuéhgin%u%ﬂgifgt?n%seblgdf owsé_ﬁo t hese

I WEmérg‘dsﬂ;Hem&fn@ﬁ@é\t mnvastiofn &f %bé’cﬂﬁma tﬁ@tdﬁ%aﬁhed goiiidig bafveentdgr at ed
circuit using an e 15 beamtester ngrl sl ng provi Hﬁe}% a ground grid. A

net al é@factmwoﬁgg%cm@téntag@a@i thealﬁ Bes encoisuensherlefect losating LEHHISgthP dis
pr ovi dﬁ&enél 'E?atté‘ ”% éh[‘%%% &d fi&@nﬁeﬁ%s%r 9&1{&& Uohfla? B §‘15cth' tﬂQF? rl}év? the
space S arrange e or Ircurts or pen Ci I’CU

i nt.egr pétestialipoeiiont oﬂ, foraxam@is advining patttre zﬁrghehéndtsp&tyed as lfhgltr(aitaisnymﬁe

connected to the ground grid provi de% %mstal l.ine that.
&

el &%t th@aﬁeF%ild@Bhﬁ‘é%‘I%eIPk§S*PHés Fign pnd, g highy ReREA) POt bs&ﬁiﬂ%%ﬂéé of an
el ectr I u ll?@a%?;\eeq €e | e e

net al H&g Bg‘gg‘;tr’%tg%ﬁt?g%t under ttltggl n u@lr:ll)ce %?elﬁ eté}hbtehgﬁ%}?{eeg? éeh?ay be

met al bmrﬁ'@uoaﬁmhtthaj at lowt lhteergrabpuﬂhogmlghpb@dlsn]asecbamhland iartegh p@wnﬂl@

el ectrically .conne d to the nmetal pad, whereby upon the occurrence of an
el ectrP%%an}é?}gﬁﬂ{‘i‘ﬁﬁﬁﬁed@é W88 the metal line and the metal pad, the netal
pad appear s Adgddondaiy L@&@font &%edt&f kU ageetoOnckiife 8hdemhdiSSbLhe ItOnd@yal
line is at |east one of a T-shaped line, an obtuse-angled line, a

ri ght - elegtrend emigsion that origingtes anlnat aap@brsp@m brica spanaingalestrane brasavel conb,
and co at i on t her esent _i.nvent Qv . res
Chat CaPgeRiie Btioh YLGR adsml e B R bR o0 aR SRS AT R o
per for B’bﬁlﬁiohﬂlﬁ@o@ﬂafeyésax‘é tested dingngd BRhuatiutag 46 easuné qﬁ:iilﬁy Roaseint oh@mt i on
do not require vertical stacking 1n an I C and additionall ccup é

rel at | alsys spmbp (epslstUsHTS Fhelediroih Beanh §5-BpanensRastip. 9aic 3/1}55 iDMt o

avai | aQJ § o?ﬂ?&ﬁath‘% A 8fet Gl R AMeESn Ewgegdefects as well as so-called “voltage

20  contrast defects” that can be caused by defects in layers underlying the surface layer. Such

voltage contrast occurs as a result of differential charge build-up on features, such as metal

landing pads. When negative charges accumulate on a feature, the resulting negative

potential repels electrons, causing the feature to appear bright under an electron microscope.

In contrast, a positive charge build-up causes the feature to appear dark. In this way, an e-

25  beam tool can be used to derive, from the contrast of the return image, whether a defect such

as an electrical short or open exists in the wafer. Thus, in such systems, the voltage contrast

is simultaneously monitored for both defective and defect free circuits for each IC
manufactured.

Test structures usually are designed and manufactured to comply with the design rules

30  used to manufacture the IC, therefore as the geometry sizes in ICs are reduced test structures

become very small thereby reducing the contrast in the area of defects under the influence of

e-beam testing equipment. Consequently, it becomes very difficult to perform a review of the

defects detected and any associated failure analysis.



3 The test structures of the present invention also are designed to test
for both open circuits and short circuits, resulting in enhanced
capability. In addition, test structures manufactured in accordance with
the present invention introduce | ess electrical noise and interference into
the 1 Cs bei ng manufactured than existing 5 test structures. Certain

enbodi nent sEvstingiest stpehnrs designanses atvhadicabsiwshragemoach iaduiich the samedesti n

| ace bove. The vant arent .to
Phose SEITHEX FARRHY YRRy B frery dSRrlE 5 A0RE ol TRRs B digien i
descr i gitiiault tohigpldnadeess MWistiRe hth€ 98GO f nttdl B ROAAEPAIVLRG Jhawi lrgs. 1o

BRI EF DESCRIPTION OF THE DRAWNGS FIG 1 is a partial plan view of a prior

art |ayout E}pswwe%%w&r@ﬁ also grecdgstened dntaskfranly ang defset type.auch ay en

arrang FIG 2 is a cross-sectional

Vi e%v o?j%l:El %cu%%%g%é\ﬁ ong %gl ne(‘c;’él'igm1 dg%%%ﬂ&tyshowl ng the arrangenent of

the vias coBxisting mest aﬂdcﬁnasn:a:ldltlmiaﬁy deaysy 9; laige ElInGunt30f SpReP& tal @hfepl an
viewed from beneath_a first

et o TuafioR L Fcin TRSRPrE i ks o b ocskedp AdBTGR. eAisisE o
Cross- &@@tstrﬁaﬁfes Vieﬁ&" ®f ifttdduces di@Eiu 3R ahii nﬁte%fe?eq%re !lz’llf&;'thé Iggoé\élﬂg the

arrangenent of the vias connecting additio netal layers
enl ar gednplheiuredi ew of a flrst nunber of test structures manuf actured in 20
ac rdance

resen ent Lon for detecgting a,short circuit defect;
FI is a OIEﬁ?IEr‘ae 5 BERCIGB. i hEYecReen P i PigH dPutpradins g et
manuf a&h tesk sugga&é‘d)a@a@ﬁanwst ihd, MeuDEEIBABAs {oHHER Bl hARIIBAS RPe@N OPen
circuit defect FI G is an enl arged pl an view of alternate test

st r uct thosasskiberdingbe ited i n accordance with the present invention: and 25
FIG 8 is a flowchart of a nethod for testing an integrated ci reuit usi ng
an e-beamtester in accordance with the present invention. BEST MODE FOR

CARRYI NG OUT THE | NVENTI %Yﬁbﬂds"ﬂﬁzﬁ @H@fﬁﬁ?ﬁv@%ﬁﬁbﬁ@ ion, nunmerous specific

details are given to provi t hor ou
The present invention provides a method of testing an integrated circuit using an e-
15  beam tester comprising providing a ground grid. A metal pad having a space therein and
positioned within the ground grid is provided. A metal line connected to the ground grid and
positioned in the space is arranged to detect short circuits or open circuits when the integrated
circuit is processed with the e-beam tester.
The metal line connected to the ground grid provides a metal line that is not
20 electrically connected to the metal pad, whereby, upon the occurrence of an electrical short
circuit between the metal line and the metal pad, the metal pad appears bright under the
influence of the e-beam tester. The metal line connected to the ground grid provides 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
25 under the influence of the e-beam tester. The metal line is at least one of a T-shaped line, an
bbtuse—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.
30 | 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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under standi ng of the invention. However, it will be apparent to one skilled
inthe art that the 30 invention nmay be practiced w thout these specific
details. In order to avoid obscuring the 4 present invention, sone

wel | -known circuits, system configurations, and process steps are not

di sclosed in detail. Likew se, the draw ngs show ng enbodi nents of the
appar at us afke tsidtrutiugy afmhst presc dnmtlon alwcat alesigued patest 6wl Eoth ppesone  of

the di nensions are.for the.clarit ation 5 and are shown greatly
exagge‘rlacf’leaa]il#}}oﬁtec“f—cfl&’ resylting g Eﬂ@f‘?ﬁﬁyt he sectional views in the

drawi ngs f om gRSEom fted edGiciuids ﬂrﬁnufh&hﬁadafnr ARGREBES with thBeprEdesh invehition
arbrtrary Generally, t he device can beontgerated in any orientation. The

t er m "WEplsess elecical seise med arterfrsnegdniotag 168 being mm@i[qgan@d than existingie
corgvenﬁtersts%k J.ane or surface of the int egrat ed circuit substrate,
d

regar dl'ess |ts orientation. The term 1o "vertical" refers to a direction
per pen di cul @ertdio eﬁlbedlhﬁ:htsZcﬁ‘ﬂh@invaﬁlqnlﬁve dr&feir Ia&ﬁhntzi@eﬁ iﬁiadd$ttltﬁhtoaﬁ‘ m phice
"above" bel ow! tonm (as in gher"

t n ll
*I oweref th ®ﬁ/’é‘f~‘mlof§ﬁc¥%®%d€h@ adwgaéanéGCW% ﬁpﬁaé%rﬁéetthqss skilic ip Sy 2
pl ane. g Ihe, teldhe RIrAGESRIBFIn ﬁet‘éﬁ&ﬁ dQﬁ;’i@h | DU 0&Sn GRS AR ) ABteri al
or photoresist, %atter ni ng, xposure opnent, etching, cleaning,
and/ora(rcempmaﬂmg)ﬂrawmsnaterl al or 15 photoresist as required in formng a
described structure. Referring nowto FIG 1 therein is shown a partial
pl an view frombeneath a first netal layer 104 in an integrated circuit

(1 of a first Iayout Rl_l%% f ures 102 arranged for
de@ectl ng an open circul 019]% Wﬁgg{:(ggr (ﬁancmgﬁhe prior art. The

first layo 00.includes the first netal Iayer such as a ground

pl ate. Theuﬁql st itBtPartial Rlap iRy pHA RE &t r&drstn%trlarur%wafe@ dromg

posi ti gaRe A Gl ByBStidp g@d%ﬂﬂ&&%éﬂ%&&ﬂ%ﬁﬁhcfe@yer 104. ~The number of
metal contacts 106 is nanuf ctured inacc ance W th'rel axed design rules,
for exarrpl eFIGfZIISh@I’QHSSEGQIDHahWESVGﬁﬁG flytakernalongbihe 242 ¢fi [HE. 1dhowigitba (CD),
such as m then the rel ax nsion for the nunber of netal
cont ac?‘ganﬁﬁ%’e tscﬁrtgemao% dtﬁf’“?ﬁmﬁfalg% > 25 The first layout 100 al so
i ngd udes t heiuiheh Mitidigshn SAdw F W BSorl 2 19 tdrabg dthubrkeviehedUedns ( not
shown) in the ICs under the first metal |ayer 104. The nunber of test
structh?@éthmsi@e@bWﬂmedﬁrrdé@@@@ﬁ&&ﬂrbtfmalm@@h circuit defect. A
first nunbe f, ¥l S50 W a. fo rth row
118 of the Ildr)étl\é atioﬁ]s %%lléenraw%ﬁ}&zﬁﬁgcon Hne %%v?%éﬂ}l%ogﬁowm SI tioned
i Nt hearrirggienof thd Ziagbshrctifl ddditional ﬁlbﬁﬂmfyeishe fl rst nmetal 3o layer 104.

. The nunber of test structures 102 is forned duri ng( t he manufacture of the
¥

I C, such as Ié?( X ey sHreed plansdew of taclirshaumben ofytest strycuggspanuipgyredipny| e,
wh t nunber of test
st?ﬁct%@e);sd 2 |stﬂ?éo]?rl3§eé?|{nr\{lmg¢0eﬂa@r g@[&%{ﬁ%%%hp gt[b%icg?g?feg? the IC that are
unused for Blhérispurplsgs plm viee df@.seém(hrddhbdr@mdst $tﬁicairesl agrufactared ihor ned

in the |IC, addrtbonal nunper s . of st structures arggiformed in the
[+

addi t i BIFQrdanss WHta theypreseat pentiay fof ﬁﬁgcqwcmepﬁgm Giten occupy a | arge
amount of spape ﬁaﬁ'eﬂrgrgtea pldTPASW P hiRerh e hilf ARARE ﬁlahlhﬁcﬁlr‘eatm%&é&&&reées
into the actual manufactured product. 5 Referring now to 2 therein is
shown witbrtixspresmt triveniadn; wnéw of FIG 1 taken along line 2- 2 of FIG 1
showi ng t he 1g¢e nt .of t i as first VI 202 onnects the first
roth Payer FROA BoF BORLt Bt R A5 tosOt oh el 5rE 08 HoRhEtt o | he
secondiel®t & adcaniahcedVdh R Redelti idernal | ayer 208. A third via 210 connects
the third netal layer 208 to a fourth nmetal layer 212. The number of test
structures 102 shown in FIG 1 is p05|t|oned in 10 unused areas of the
circuitry between the various ne ers. Each of the first nunber of
vial 108 positi onedEDEMEDE E%CS%HHXGWE]IHE&WENEI@HUH h row 118 of
the first netal |ayer 104, as shown in FIG 1, connect the first netal
| ayer 104 t o thhdolfaying Hesesiption, Inayreroud kRedific detgils 4rh giviente prowide @2aroughe

second_via 20 t he hrr e first via , e ond vi a
06, an Sy g iestifh. MeeRera St e b i SEREn HeAEh T T 1
segeNdifVeRe] na §, bél gracticb@ wAgut BRI dphene abhild hen bides tto ROl Iobdcaiig thee
third row 116 of the first netal Iayer 104, shown in FIG 1, connéct the

second nmetal layer 204 to the third netal |ayer 208 through the second via
206. The third nmetal layer 208 is copnected to the fourth netal |ayer 212
through the third via 210. Referring nowto FIG 3 therein is shown a
partial plan view from beneath a first 20 netal |layer 304 in an integrated
circuit (1C of a second |ayout 300 of a nunber of test structures 302
arranged for det ectr ng an open cr rcuit defect in accor dance vvrth the prr or

o o ~NNN N M " 4 .




The second | ayout 300 al so includes the second nunber of test structures
302 positioned in the products (not shown) in the integrated circuits (ICs)
under the first netal 30 |ayer 404. The nunber of test structures 302 is
positioned for detection of an open circuit defect. A first nunber of vias
308 is positioned in a second row 314 and a fourth row 318 of the first

net al PE§EY IBGation sgwe ovedl-mavesirapits.\sysism3:pofigerations, midpradessstepherefiatst r ow
312 angﬁ@ﬂ&%ﬁh%ﬂ& w 316 of the first metal layer 104. As is the case with
respec o test structures 6 arranged to detect short circuit defects,

exi sting t ebikesiselitit dtA8ingd {HOIHE 6 BYdimeh® 08 thetiiphiftusQle SRACBagRIchRgC t
i npossible to incorporate the test structures into the actual manufactured

pr oduc®nd reiriaseals gnehomrienla e some oh dhe fiimansioam gunfos the dedtysefqressntation ew of
FIG 3 ' af . SOW f the of
TG Syesenal Rty Udnefnh 8infhies, AN 18,508, ALanIRIRIE o b o

layer df@avingd foeeasedofvdeacdfifbone diinentusgenfent fiederElGIeisdrbitayer Gédrallp, @et hi rd

nmet al h?%éer 408. A Eéiui.rd via 410 connects the third netal |ayer 408 to a
f our t h9RREHTAD DyPRFTaleran afp AIIERAERN. of test structures 302 shown in FIG 3

i's positi ongge idAnURBSEHIA" §88sR hetdlf iscélerfﬁl‘éhta%é g‘i’%tgﬁﬁfd?lgg gﬁh%%ﬁx%ﬂﬁoﬁgal

| ayers. 10 Each of the first nunber of vias eneat
secondplapwoB surfarsdoft the ifiggratead ciowit3a®stodte t tegartliass bf isteaientatiyer TIR4termas

sh in Fl onnect.the first tal ,layer 304 to, g f th netal |ayer
2130 o T el R R igpgapent Rl B B peBrSalgs Jumaelpest o, vied 2810
The firal”, viaBoAO2 “bélBR” s EBGREN™Y | GofQb:sidndk g thidwhilrh a-diiflerar ohara
stacked arrangenent . Each of the second nunber of vias 310 positioned
beneat fP¥ehe ap¢ rwider o @reaiefingeh sithespept; to dhe lepwizostaBplenef the first netal |ayer

304, shown 4 “ e econ tal l.ayer.404 to the third netal

| ayer 408 t{ﬁr%{l}gﬁ trﬂ;%ceg%@%n% g%eg%fg%ﬁ?ﬁ%d%e%%%g% gt fnﬁneélgﬁﬂlégﬁ%[arefﬁ 't he

f our t hpatetiihg | eypersu] Aetvdlopmiedt, ehbidehiddnitisd a4dQr rBabeslr bhethengWddal kG 5
is shown an enl grged plan view of a first nunber of test structures

t5885r rergﬂlﬂf;rt%ﬁlﬁtraédeqlﬁregéﬁ YRS & deictifed HEihitBsent i nvention for detecting a
firot tost SpemmefevasFIT0n fefehl (IUIRE o Bordf Hard UEHERHECRopoall d B0 o1
| i ne 50utahbayentOdein"h-istegmtad cicont {( IQurfat firstlaydith @ 00 iof 8 humbensdf tbitRRU&GGdsi S not
pad S0 byrahee Tt AdSoR AoeneR Feuf GFGE! I AReRBI Fb PRSI r 46 806 | s
P PO e ol a1 A ELGEATL R P01

pod? t i &0t hes amumber of metal soniets 166 nositioned prend tis pSiithenhbf ¢her Bdtioiery t he

anount C waf er r sitioning o he,first nunber. of test

o s PR TP el eoB AT P B b S BRSO ER L s07
and a geggnelapinalexhmple, HU& el Rpelifyustonnd] &aicPHi QoA Co; sufbhe
second netal line 508 is not connected to 30 the second netal pad 507, and
i s spatel!? mymoppdheanstelaned dimgysigndorthsynumbse ebmetad persects 096 isrelaxadt hi r d
test s Lncludes a third nmetal pad 511 and a third netal |ine
512 haﬁ%&hﬁm‘é'?‘i‘gﬁ -Oiéﬁgl ed configuration. The third nmetal |ine 512 is not

cophect ed tbhd fisst fdyiont]10tealad inpdetics tHe nanbkriof tesp atactufcs QUD thsitibhéd & wet al
pad 511 g(\{ a thi%(g:l s)fpace %13. A fo%rth test structure 514 includes a fourth
metal PR ¢4 Enat shown g the ¥Csndsy the ifisgt mgtal layer 104, The number of test structures

102 is positioned for detection of an open circuit defect. A first number of vias 108 is
positioned in a second row 114 and a fourth row 118 of the first metal layer 104. A second
number of vias 110 is positioned in the first row 112 and a third row 116 of the first metal

30 layer 104. |
The number of test structures 102 is formed during the manufacture of the IC, such as
at the time the associated metal layer is formed. For example, when the first metal layer 104

is formed in the IC, the number of test structures 102 is formed in areas of the first layer of




5 having a straight configuration. Again, the fourth netal line 516 is not
connected to the fourth netal pad, and is spaced fromthe fourth netal pad
by a fourth space 518. The first number of test structures 500 has a ground
grid 520 surrounding pairs of the first nunmber of test structures 500. The
ground grid 520 provides a connection to electrical ground for the first
netal thede thgsre paesed deipthermarpgses imbic308;As atlditianal metmbiayers| dreforged in and
the 10 : ] . d i.d. reduces e fect
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part i clpcgporate thefest girgriprgs Hite themommal magyfasaradguodust.an el ectrical ground in
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the design rules for a particular I1C. Preferably, the nmetal ['ines should be
si zed amethimetal legen He. dBld numbariof tess stroettiesis 102 sbewn 20 FRGel és paityoneti e

spaces. shoul d_b .zed .about equal to the design rule for spaces. It also
ha?belé%usg‘lkjg%g‘?/gfr%aCFﬁ%fryE%ﬁtéﬁeﬁgﬁl?nt?}l?Hlegggay oul d be about three tines
the desi gn Fadheoff the fiisttrambel BE Sias OB R¥iEGREEberichthl the s8@ndABw Hl4esmd @E a

particular 1C specify that netal lines of 0.20 m cron and spaces of 0.21
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of one of the fiﬁs nunber of test structures 500 i s touchi ng its
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netal pad to appear bright when | nSpecte y e-beamtesting equl pnent as
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testing equipment. Referring nowto FIG 6 'theréin is shown an enl arged
pl ah vieipl dayes 39dcann miegseled sircrig{IC)sef aceemdslagod Htnof agwerbed of test

accord i I Lhvention for. detectin n5o Cl L cui
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st r uct The s&d2d ¢yt 860 nghalek ithd Nrsipictdl 19ad 3083su@Rthsa frohihd phld. alrhd Fiag 604
havi ng a "T-shagggé configuration. The fifth netal line 604 is _connected to

the fi ekl fRyeaPObhas soymbshal metad saptaets 306 mreund the pevphesy af theafirsbostaly a
fifth 0 e g i |1
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of the se;gnd 1nurg¥)%r of. test structuroz,s 600 whil e_reduci ng the_ anmount of
space B¥hANGLreds Gmension for theppynaber iof anelal-epmiacty Agte is plaeddp abpyi @etr es
600. Angighd) test structure 606 includes a sixth netal pad 607 and a sixth
nmetal |ine 608 having an obtuse angled configuration. The sixth netal |ine
608 is :connébe edeand tayeuis 3RO Mlskb inndudek thadse6@W, namber of gpsicedicturaam3dhe

i xth metal pad .07 i Xt h 609. A seventh t st 610
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second nunber of test structures 600 has a ground grid 620 surroundi ng
pairs of
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t he second nunber of test structures 600. The ground grid 620 provides a
connection to electrical ground for the fifth nmetal |ine 604, the sixth
nmetal line 608, the seventh nmetal line 25 612, and the eighth netal |ine
616. The ground grid 620 al so reduces the effect of any electrical noise or
interference caused by the presence of the second nunber of test structures
600 i naregmgpdto datest sl rlycult&éecgr cuﬁt;n@teﬁtjstelzmrr%oféfrnzeeuma lsegesarapint ofir ee

times { gﬁﬁi r. cul o] s grid
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bond pmlauc(tnot shown) attached to the corners of the gr ound 30 grid 620.
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structures 702 in which there Is no short circuit. 5 Atenth test structure

714 i néP%des a tenth metal pad 716 and a serpentine netal |ine 718
connected to the tenth netal pad 716 at one end. The other end of the
serpentine nmetal line 718 is connected to the ground grid 712 that
surrounds the third nunber of test structures 700. The tenth test structure
714 is designed to detect an open circuit. Preferably, the tenth test
structures 714 has netal |ines and spaces sized relative to the 1o design
rules for the particular ICin which7the ninth test structure 714 is being
used. It has been discovered that the netal lines in the tenth test
structure 714 should be about the sane as the design rule for nmetal I|ines,
and that the spaces should be about twi ce the design rule for spaces in a
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The foregoing description has described the existence of short circuit
conditions resulting in the netal pad of the relevant test structure
appearing bright, and the exi stence of open circuit conditions resulti
the in the netal pad of the relevant test structure appearing dark. It
be apparent to those skilled in the art that the bright and dark 25
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sever alap ¢ Bt angta Fodfpbiico. GERGRRRLEShLIE: RT2EEnBCiopmEted BT 1

- conbi naietadpad 511, dﬁaeg:gpamtﬁmﬁhiw&malnﬁ&wﬁad@m@b?raemu&sﬁa@ulm defects in the
sane general area of an IC Referrln%wnowto FI G therein is shown a flow
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“hither-to-fore set forth herein or shown in the 25 accorrpangl ng draw ngs
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nmetal |ine_connecte t he round rid and positioned in the space; and

pr oces&oHgd tgﬁ'gfﬁle’ cg‘%ea“g’é‘ﬂt‘éﬁ dupiony the mpdmumyeadrsizceistin accopdanpp avitheibhod of
testingeqh fuidsegrated circuit using an e-beamtester as clainmed

In operation, if a metal line of one of the first number of test structures 500 is touching

its associated metal pad, there will be a short circuit between the metal line and its associated

30 metal pad. The short circuit will cause the entire metal pad to appear bright when inspected
by e-beam testing equipment as compared to any of the first number of test structures 500 in

which the metal line is not in contact with its associated metal pad. The metal pad is larger



in claiml wherein providing a netal |line connected to the ground grid

provides a netal line that is not- electrically connected to the netal pad,
wher eby, upon the occurrence of an 10 electrical short circuit between the
netal line and the nmetal pad, the netal pad appears bright under the

I nfluence of the e-beamtester. 3. The nmethod of testing an integrated
ci r cuitham fiengzeaof the izt tlesthor malsing litacayied to obsired anyl defbets ¢hat apy dsteddedig a
metal |ine co ect ed round grlanrovides a netal line that is

eIecthWE@¥ﬂ§ Wﬁ@%?@%ﬁFJ’ CHEELAUPRE - wher eby upon the occurrence of an
el ectrical HAde@Rghdw [FRIG. PRENGER sthlfl%n%téi‘aharlgéd"ﬁlaﬁ‘%\ﬁ BEa BN R@fber t he

nmet al pad appears dark under the influence of "'the e-beamtester. 4. The
met hodofgesttsgettureg 6AA manuégtaedth aicpriance with ilge present begniiore b deteging imi ned

one” of oA Elrt P iBY S ainE s afieRie SO Gl e, o

st rai géu2 Ed)lﬁgmmﬁg Saeﬁﬂﬁnﬁlbﬁi? palined3 amd lanfifth | eP ting G0gORding@ Ad“T-Qhdpedat i ons
t her eof . he nmethod of testing an integrated circuit using an e-beam

t est er candiguraippe dhe filid) aetah line ¢4 é@n@@haértp Shenith pretalipad 983 ,aanée& We%t al
d h
b ovi b tn ERR3RGa AR @b Tinh AR GA THheb it DR Sl 800,

net al ddsmﬁ dnsalcaivngh tede tpOsmb@edgmwfmhtgrelychmam u&ﬁiaﬂqﬂ)rﬁdiroﬁf thhdCstaereby - net al

pad. 6. A pethod qf testing an |ntegrated circuit an e-bheam_tester
co?‘ﬁ)r i gmmglmaoi%\slﬁﬂms Hl%%%ﬂ?ﬂeﬁm 1y i Ehs\Rasitinging eﬁu @P SFrg Bpokegofteshads
each hgyj L& 13
provi d| ng a @?ur a %3&31 gl Oﬁﬁigﬁé\ﬂg@f?%\%ﬁ%bgf%%ogl gri gq}fv\ﬁeergéec:oﬂd each
of thenthnaﬁI$Wsmﬁmum5600I| nes is connected to the ground grid, aSSOCIated

e one of \UneuRLY R Bl Tk Rty oRa I A Bl e e ©
having an obtuse angled configuration. The sixth metal line 608 is connected to the sixth
15 metal pad 607, and is spaced from the sixth metal pad 607 by a sixth space 609.
A seventh test structure 610 includes a seventh metal pad 611 and a seventh metal line
612 having a right-angled configuration. The seventh metal line 612 is connected to the
seventh metal pad 611, and is spaced from the seventh metal pad 611 by a seventh space 613.
An eighth test structure 614 includes an eighth metal pad 615 and an eighth metal line
20 616 having a straight configuration. Again, the eighth metal line 616 is connected to the
eighth metal pad 615, and is spaced from the eighth metal pad 615 by an eighth space 618.
The second number of test structures 600 has a ground grid 620 surrounding pairs of
the second number of test structures 600. The ground grid 620 provides a connection to
electrical ground for the fifth metal line 604, the sixth metal line 608, the sevenfh metal line
25 612, and the cighth metal line 616. The ground grid 620 also reduces the effect of any
electrical noise or interference caused by the presence of the second number of test structures
600 in an IC. Preferably, the ground grid 620 is sized to be about three times the design rule
for metal lines in a particular IC. The ground grid 620 is connected to an electrical ground in
a particular IC through corner bond pads (not shown) attached to the corners of the ground
30 grid 620.
Preferably, the second number of test structures 600 has metal lines and spaces sized
relative to the design rules for the particular IC in which the second number of test structures

600 is being used. It has been discovered that the metal lines in the second number of test




5 processing the integrated circuit with the e-beamtester. 7. The nethod
of testing an integrated circuit using an e-beamtester as clained in claim
6 wherein providing a plurality of metal lines within the ground grid

provi des at |east a portion of the plurality of metal lines that is not
electrically connected to an associ ated netal pad, whereby, upon the

“occur regnctref 6¢(hsleiuktbe aloait tikhsante size autte designeeale far poatdlilmes,aind thattthe net al

|l i nes and the associ at ed. al. pad, .the associ at ed . net pad_ appears bright
under YHIESS fﬁﬂl@i‘@l&%b%l% FicE the tedi s oS “‘Fﬁe?%‘f%gllcof ﬁ_taé%’t hasgpesh
i nt egr @ik@cfdd! i theUshiddl gMd $202a5uHa%! foudshred 8hEEdhd Heﬁ%rgi’ﬂé GoMBRLE! N

providing a plurality of netal lines within the ground gr provi des at
| east Wngsortion of the plurality of metal lines that is electrically

connected t@ an_associated.netal 15 pa eby .upon e o ence of an
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i nfluence of the e-beamtester. 9. The nmethod of testing an integrated
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strai gidsign mées. a serpentine line, an interleaved conb, and conbi nati ons
thereof. 10, The pet r;gd of testi ng an_integrated circyit using an e-beam
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| i nes pal. eThe ppércairdut wilhomese ¢k ¢roire hedtal med o cippea dlarke vhkn paspscted by eAn

integrated cl.rcuit. for testin in e- beam tester .conprising: a.ground
ori d;  BEHLISTING SHRmT f ramted i 78, G e SRePTIGRTR oS AL TR 900 4 ound
grid; aRkhahéRleal lihé Benoct BRRA! THe hi2idl REd & 1t t@hitke ARdoP@s ic'lEfe@tnlﬁ@reb? the
space. 30 12. The integrated circuit for testing using an e-beamtester as
cl & netrakingdl egsiar e ofpesveany dikscisdhatl are idplecied nndert the influenie of theumbieani d i s

a net . : Is positioned in the space and not electrically connected
to thgiersrééljtl%‘cfequgp@lﬁ%m'\Mereby, upon the occurrence of an 14

Referring now to FIG. 7 therein is shown an enlarged plan view of alternate test
structures, referred to herein as a third number of test structures 700, and manufactured in
accordance with the present invention. A ninth test structure 702 includes a ninth metal pad

20 704 and a metal comb structuré 705. The metal comb structure 705 has a first portion 706
connected to the ninth metal pad 704 and a second portion 710 connected to a ground grid
712 that surrounds the third number of test structures 700. The first portion 706 and the
second portion 710 of the metal comb structure 705 are interleaved and are not connected to
each other. The ninth test structure 702 is designed to detect a short circuit.

25 Preferably, the ninth test structures 702 has metal lines and spaces sized relative to the
design rules for the particular IC in which the ninth test structure 702 is being used. It has
been discovered that the metal lines in the ninth test structure 702 should be about twice the
design rule for metal lines, and that the spaces should be about the same as the design rule for
spaces in a particular IC.

30 For example, if the design rules for a particular IC specify metal lines of 0.20 micron
and spaces of 0.21 micron, the metal lines in the ninth test structure 702 preferably should be
about 0.40 micron, the spaces should be about 0.21 micron, and the ground grid should be

about 0.60 micron. The minimum pad size is in accordance with the design rules.

10




el ectrical short circuit between the netal |ine and the netal pad, the
netal pad appears bright under the influence of the e-beamtester. 13. The
integrated circuit for testing using an e-beamtester as clainmed in claim
11 wherein the netal line connected to the ground grid is a netal |ine that
I's positioned within 5 the space and electrically connected to the netal
pad, wher eblp epsortionhd precof ﬂl@rﬁ:ret pértian 7@66@ntaptsaiartoqueﬂnecsmw1d| porbet Ké@n t he

tal | d.th th dar k th
o ueita e S SR B Pt Wl PR Cirber et ok itberied
usi ng By eSreRRaEXtirRSEfipradnt Gs AofRArddNtoCAnd &N thd HIRB el Rtibere¥etoa! inl Wiiehi s a -

metal |ine of at |east one of a T-shaped |ine, an obtuse-angled line, 10 a
right- @ﬁ@lléﬂolsh%cu'%ﬂﬂst raight line, a serpentine line, an interleaved conb,
and: conbi naji it far ' i.ng an
o e t et S ohs ‘e Srgre P ke SRR BTN bt aerk A B TP
havi ng718 sqmeeted Iﬂeﬂel tenth asdthll pudenévmttolne Rnd. he“hg roﬁwﬁdn@ of the s%minﬂiﬁwe ﬁlewcond
nmet al i.i n%twl thin the ound (g 95 wherein the second netal |ine

connect®d %SFH%H%F@JH b5 that Sreayngds theithird ﬁ‘éméﬁfaféfée“ f@uctms

i nt egr%@dn&‘e' t(eﬁ&l't&st%ﬂﬁct&%sﬂlh@sgdéé%%{%ﬁ tﬁﬁet@ctl%ﬁ%%ﬁ €&, comprising: a ground

grid; a plurality of metal pads e aving a space therein and positioned

WI t h| n t he Bredualdy2be gmildtestatmhcturesl Tirkdias ur;etaiflmnreaml spaesesizedi rtlative tohthe gr ound
| i nes | connect ed, t

or blina el SBE ettt Bubish et G ey 4t Biopdecl B

posi ti Ao Bicl thiighs RRES hat:s inf the 3§70 ¢dsA LB tRR S 191shbNA BRI ABOA th ¥aRE et 2l
pads. 25 17. The integrated circuit for testi %um ng an e-beamtester as

cl ai meas tha design mlg Srupseldings tand ﬂm‘ltﬂmﬂp&c@ﬁ sbpuldeeabopti twécs the design tubefogr ound
grid c t portion o Ilnesthatls
ot el STEH BBl 1, 1B ke 280 sl R Bafdaiel sl BRHSELIIS pon e
occurrence Br exangle6f the datigs hded f@lar;;amctulechvs@eaga mRel 1ih€ofod .26 htcrogt al :
| ines and the associ ated netal t he associ ated netal pad appears bright

Under BRESHRAR Sl Domgrop S Beuh | euin eteds eetgruanmn’ |4 peordlpahondoai 1 For
testi Nohdt? ong faﬂ;r@%i rgfﬁgceégﬁaume GhaiiEsh wc&hagxga f’hg a%‘@ﬁgﬁ f&,ﬂcﬁn@% rality

of net ines wt e ground grld conpri ses ion o t he
about 0.60 micron. The minimum pad size is in accordance with the design rules.

pad

In operation, if the serpentine metal line 718 is broken causing an open circuit, the

enﬁre tenth metal pad 716 will appear dark when inspected by e-beam testing equipment as
20 compared to any of the tenth test structures 714 in which there is no open circuit.

The foregoing description has described the existence of short circuit conditions
resulting in the metal pad of the relevant test structure appearing bright, and the existence of
open circuit conditions resulting in the in the metal pad of the relevant test structure
appearing dark. It will be apparent to those skilled in the art that the bright and dark

25  appearance can be changed and even reversed in some test equipment for these conditions. It
also will be apparent to those skilled in the art that several of the test structures described
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

30  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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15 plurality of nmetal lines that is electrically connected to an

associ ated nmetal pad, whereby upon the occurrence of an el ectrical open
circuit between a portion of the nmetal lines and the associated netal pad,
the associated netal pad appears dark under the influence of the e-beam
tester. 5 19. The integrated circuit for testing using an e-beamtester as
cl ai meppsitipnefl an thel pagieandi anstemh 80% lol prdcessyngothe riptegtatdd grewiti witha thel etbedmi t y  of
nmet al gljg s of at |east one of a T-shaped |ine, an obtuse-angled line, a
right- ang ‘ed line, a straight line, a serpentine line, an interleaved conb,

and conbi nalin@N$ Heee®iisc@tbred it iyt @etholl @dd Gppsibiut of Bhie pRSdt NBvaASHAY - an
e-beamtester as clained in claim16_ 10 wherein at least a first portlon of

the pl W=tk ¢ ]m}éﬁﬂaﬁét ad |hertefore wrpvadatdet solutignsy capabilitessdand fumetienal
|
assQci %i atitaff s o g&?@n lzg‘%ﬁa d %&&rasg t%s@ﬁgﬁﬂ PELEED [zulyne a“{eglgﬁs

met al Bhnec hei T associ a
A A&anélt’eséﬁnAwoﬂﬁglA&mrA\éré\qﬁalgmfdk&Mrdﬁwmﬁb\mé@/uﬁmﬁm&ed highly versatile,

%DE;{] C%r}Ed}C%‘EF n.g Z%lqc ogg%:rggﬂna e@}e&&}(g% 1%%}3%31 Ca (iles‘ rga{jl 11%faslu(1;t%4]d Cfgll ]cn%]lgf%]:tcﬁllca] calc
NRRNE BLE&S T t g gl

a) ca] ca] %%g] caj ca] ca]d%/a] ca] ca] ?:rg] %%(tl caj cgl]lagg‘%l%:}:ga e%?}ngeg} ic}% hﬁ%% ?]( E?L;:
m / 335pro@e755@@218

cafba] ca) calts ?»Eeé%nﬁa]a]n%ﬁ]pe st B3] Saleabeb B e bbbkt eoL
W ef f i {Heidop4maedsigths ablﬁgzﬂo%}ﬁah%l&ah@a]ﬁﬂﬁaie@ﬂ&pdlﬁ%l@a] ca] ca] ca] ca] ca]

ca] ca] ca] ca ca] cal ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]cal M
waxxyy+z{ { { Fh¢ *pd} ptrgeturpy 10f the present invention do not require vertical stacking.

L) ey Duf R SRS Bahol e Sl RSP R R A oL e

] ca] cahg&al]teak&edlﬁﬁﬂ@gjwabﬁahwaa&ﬁai telealealicas.ca] ca] ca] ca] cal ca] ca] ca] ca] ca
ca] cal!
]q i% } XS njl dT% teat etaptare of dhy vrepen) @aqucaéaocwc%ﬁ%ar%q et dor) beth o@FRa) ca) ¢

3] gel f%ﬁ%%ﬂ?gﬁ a'}ca %ﬁﬁ%‘%ﬂ%ﬁl& ca?rﬁ]a]]1 ga] ca] ca] ca] ca] ca]ca]ca] ca]ca]c

a] ca] ca] ca] ahadditlica] test] Ira]ctm]:sca']anm]acmiﬂ il Esonde® IEH the pRsarddN0EH&h () -

109 & woa 09 - T109 109@&
nUn! T 55 QST eY e Baa ApeA oo s AT Peing mambstued themarie9g 2728
) - &<V RADIR RS -

20 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

25  accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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that is electrically connected to the metal pad, whereby upon the occurrence of an electrical
15  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

20  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
25 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

30 the ground grid;
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a portion of the plurality of metal lines that is electrically connected to an associated metal

15 pad, whereby upon the occurrence of an electrical open circuit between a portion of the metal
lines and the associated metal pad, the associated metal pad appears dark under the influence

of the e-beam tester.

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
20 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

25  metal lines is electrically connected to their associated metal pads.

11.  Anintegrated 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.

30 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

14
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wherein the metal line is a metal line of at least one of a T-shaped line, an obtuse-angled line,

10 aright-angled line, a straight line, a serpentine line, an interleaved comb, and combinations

thereof,

15. The integrated circuit for testing using an e-beam tester as claimed in claim 11
further comprising;
a second metal pad having a space therein positioned within the ground grid; and
15 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.  Anintegrated 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
20 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.

25 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-

30  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

15
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wherein the plurality of metal lines is 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.

20.  The integrated circuit for testing using an e-beam tester as claimed in claim 16
10 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.
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