PLANAR VOLTAGE CONTRAST TEST STRUCTURE AND METHOD TECHNICAL FIELD The
present invention relates generally to semiconductor testing, and more 5 particularly to test structures
used in such testing. BACKGROUND ART In the semiconductor integrated circuit (IC) industry, there
is a continuing demand for higher circuit packing densities. This demand of increased packing

densities has legtheN ARWINIUCEE, I0DNSTR ASIEYEISP BIR VGUREE ANDPMEIIIEA)0 achieve

sub-micron device 10 dimensions. Manufacturing ICs at such minute dimensions adds more
complexity to circuits and increases the demand for improved methods to inspect integrated circuits in
various stages of their manufacture. As design rules and process windows continue to shrink, IC
manufacturers face many challenges in athiebiNg ahid Eldhining yields and profitability while moving
to new process 15 technologies such as larger wafers, copper interconnect, and low-k dielectrics.
Additionally, defBats thatenerenmentielevegities thecntddty largeseiesigndudes heyangowabdconeee

probgemspglsﬁcqlﬁeﬁ%ﬂg%%?s%r c{ﬁ%'d%%gd%%ﬂc% NIG metries and below. Although inspection of such

products at various stages of manufacture Is very important and can significantly improve production
yield and product reliability, the 20 increased complexity of ICs increases the cost of such inspections,
both in terms of expense and time. Howeyer, if a defect can he detected early in production, the cause
of the defect can be determined and corl%‘ég %Bé %‘ﬁ icant number of defective ICs are

manufactured. In order to overcome the problems, d by defective ICs, IC manufacturers fabricate
25 test structured. B HESH QLIRS Sl é:é{f‘i]ﬁpéﬁf & ‘f“f‘éWs%?FFHé fesipygrdenand {8bricated

such thahilgyratesensiivene defseisstharaeatsniadd pragaeiscaupalatedignRaitshahaidhae
presence of defects is mqre readil aicertained. Sﬂ%clih defect test structilr,es often are copstructed on
the same’ SBHRBHGHEYE H%tF%t@ééi% PR PBITIALS BRI GRS Sirate S TUGIEH (ftfiize
charged paniéalgdasanianifssiah gy 3Bms sackBthshasghthaaitbaledidamossicomsladtelectierubeam, is
irradiated o§ defect tes}gstr ctuFffIs. The interapgtion of the electron beam with features in the circuitry
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electronsstgtays, ttér manufacture.

As design rules and process windows continue to shrink, IC manufacturers face many
challenges in achieving and maintaining yields and profitability while moving to new process
15  technologies such as larger wafers, copper interconnect, and low-k dielectrics. Additionally,
defects that were not relevant in the older, larger design rules have now become problems as
design rules are reduced to 0.13 um geometries and below.
Although inspection of such products at various stages of manufacture is very
important and can significantly improve production yield and product reliability, the
20  increased complexity of ICs increases the cost of such inspections, both in terms of expense
and time. However, if a defect can be detected early in production, the cause of the defect
can be determined and corrected before a significant number of defective ICs are
manufactured.
In order to overcome the problems posed by defective ICs, IC manufacturers fabricate
25  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
30 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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Typically, electron beam methods employ secondary electron signals for the well known "voltage

contrast" technique for circuit defect detection. The voltage contrast technique operates on the basis
that differences in the various 5 locations of a test structure under examination cause differences in
secondary electron emission intensities. In one form of inspection, the mismatched portion between

the defegtivan®liaasGaeirastimage andiherdeteciding, opgclevendsitae defedlocations Thus, the
potential state of the scanned area is acquired as a voltage contrast image such that a low potential

portion of. YBICaLnfRs e RFIG oI TAPIY GRGNAAY Slephightsisralisigr dhaoMeie KeedRdary

electron eigsiRtintigh) Rbshahighpatentialdapestiondnight be displayed as dark (lower intensity
secondary electron emission). Alternatively, the system may be  configured such that a low potential

portion might bel BfsBREAST SEUEHE Ar 3 HIGH PRt A" SBrubH it HEIGrEPLETed A8%YRiR|A

secondany elgstopdatastorsssad tarnaaskiminginieosifie ofiifersfe@ndaiecdbadlgCERREesission
that originates only at a path swept by a scanning electron beam. A defective portion can be identified

from the PRESHARI LGRS Bithe JBrSs JQHEr RlspERssHONS R cBHEMAtoR ST aRO LI ARe RESYSE d g

manufactsisgite eoruEEe avialiiytcaniEelafdnBevryeivatersrar balesieddscUsibeanelgutienkeam
(e-beam) inspection tool, which detects, by way of irradiating a wafer with an electron beam, surface
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microsco@gk (1608t asiRippSsitvenahargadeuilar Lihisuises thalieatbrie dn appeayystank. Hathisavay, an
e 25 beam t?,ol can be u%ed to derive, from the contrast of the rett%[;aimr%ge, whether a defect such as
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structures usually are designed and manufactured to comply with the.design rules 30 used to
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equipment. Consequently, it hecomes_very difficult to perform a review of the defects detected and
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Semiconductor wafers are tested during manufacturing to ensure quality control. One way

wafers can be tested is using an electron beam (e-beam) inspection tool, which detects, by

way of irradiating a wafer with an electron beam, surface defects 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.



2 Existing test structure design uses a vertical structure approach in which the same test structure is
repeated vertically in every metal layer of the IC. This test structure design is difficult to implement as
ICs use more layers of metal interconnect in higher density ICs. Existing test structures also are
designed to test for only one defect type, such as an 5 open circuit or a short circuit, resulting in

limited capabilityxkxistingsteststiietuasRdsitionalyi @GRl g BRAUAtEISRIRE Qe wafer
making it difficult to incorporate the test structures into the IC products. In addition, existing test

structureSTBHY o ihFBGAEY SRIEGHN HbRERNDHRLISIENEE Bird the 18IS IRshefriuredetizRe 10
Solutionsgterihgse praklleneadanadiane hrep IB9ugfbéRIIRRdeyRIRBNME RISHIR\R MG tayght or

suggested any solutions and, thus, solutions to these problems have long eluded those skilled in the

art. DISCLOSURKE BRSTHRHE SRR EIRP PR Fragar ivisatibor ordvidas detietiyRcor tehiy®n

integyatedpeifciic URIBY A6t LR heanRdesies GOmRIHsINGReiding 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 positidrediR&HES e teratr AAGLIPI8 e RELENoR LGB Bet ciRASfs Whin At
integratecha&iiigklit G ATONESSSELVAD e BdeamiastiersTine MrRtatlineanereddaitic emuagd grid
provides a metal line that is not 20 electrically connected to the metal pad, whereby, upon the

occurrentS oPEHLYER LI GHGt EHHE BeRlTERIF thenEta e BT HEN et Bad Sh i heteiNsad

appears htightdasngedthe 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 Hlectrical ope tHutit BeRfE AR BaXRPERB HUEN Xl RHST HEYEI PRRRFA RS ¥k 25
under thednfhienceughtRee-heamdlastas Mg metakbnaisnatieasisensedlants shapaddinenard
obtuse-a gledﬁii(g , a right-angled line, a straight line, a serpentine line, an interleaved comb, and
combinatidh¥ 1?888;‘.“1%8 ﬁesent 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 incorgat3¢ddOSURE OF THE INVENTION

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
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.
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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into available space in the IC products themselves. 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 less
electrical noise and interference into the ICs being manufactured than existing 5 test structures.

Certain embodimgnig@fsihgctonanipmbayeeitanasviasniagss incadslifionR do@ndl Hacsosf thrse
mentioned above. The advantages will become apparent to those skilled in the art from a reading of

the followiigPde b ehaE L ptibn (Rdina kA e eteiEt the accompanying drawings. 10 BRIEF
DESCRIPTION@Rdditke k) RAVWING & fiCmanstacRatiniplascviaw el avpromarplayemt piviesistructures

viewed from beneath a first metal layer arranged for detecting an open circuit defect; FIG. 2 is a
cross-se iBAI A bFeficrlaRES ashigifrErsisoitdhe ISReing e HAHEEhMM BFftESias
connectingsggdelitignrad. metal layers; 15 FIG. 3 is a partial plan view of a prior art layout of test structures
viewed from beneath a first metal layer arranged for detecting a short circuit defect; FIG. 4 is a

cross-sectional GBI HRLRECL sy UR Brya ethstKbRRRRR N ALoa LR BY R Sias

connecting addiiatatimeidldeyess; Fie advimaz@NAgeddoan YiparehadirglosRRePidagksirtctures
manufactured in 20 accordance with the present invention for detecting a short circuit defect; FIG. 6 is

an enlardEhIAn RS BEOIIANMBI DR IES: SETEIRIEE nMAhrtitRed ! JEHSFASHAE With the

present invesitipankangatactingsan open circuit defect; FIG. 7 is an enlarged plan view of alternate test
structures manufactured in accordance with the present invention; and 25 FIG. 8 is a flow chart of a
method for testing an integrated circuit using an e-beam tester in accordance with the present

invegtion. BEST MODE FOR GARBYANGRETIHNE IMVEENETHRM Wteg dollowing description,

numerous specific details are given to provide a thorough understanding of the invention. However, it
will be apparenigigsone skilled i, ihg At Rt the 300V aRien e PeRr atiref-WithRudpgsg specific
details. In order to avoid obscuring the
beneath a first metal layer arranged for detecting an open circuit defect;
FIG. 2 is a cross-sectional view of FIG. 1 taken along line 2-2 of FIG. 1 showing the
arrangement of the vias connecting additional metal layers;
15 FIG. 3 is a partial plan view of a prior art layout of test structures viewed from
beneath a first metal layer arranged for detecting a short circuit defect;
FIG. 4 is a cross-sectional view of FIG. 3 taken along line 4-4 of FIG. 3 showing the
arrangement of the vias connecting additional metal layers;
FIG. 5 is an enlarged plan view of a first number of test structures manufactured in
20  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
25 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

30 invention may be practiced without these specific details. In order to avoid obscuring the



4 present invention, some well-known circuits, system configurations, and process steps are not
disclosed in detail. Likewise, the drawings showing embodiments of the apparatus are
semi-diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of
presentation 5 and are shown greatly exaggerated in the FIGs. Similarly, although the sectional views

in the drayminas favaarm RS WILIRRo WHT AHARISRAM kbR ISl AMBIFRLsCaBsy ally nifie
device can be operated in any orientation. The term "horizontal" as used herein is defined as a plane
parallel tdistosshiredtistal plane or surface of the integrated circuit substrate, regardless of its

orientation. Thertgiewide thedisainsefarswna eirsstinhcRty BeidiGpiarituthahQispaiaamiuatidefined.

Terms, such as "on", "above", "below", "bottom”, "top", "side" (as in "sidewall"), "higher", "lower",
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herein inghfgs depREIEAMOf Braleitah el Phateerist, RAHRINNGIBXPASHE seeNeIAPment igieRing,
cleaning, and/or removal of the material or. 15 photoresist as required in forming a described structure.

Referrind FOW® ERE C85thaf s ioioRmtih ArrRes AN id Ao MY nS AP UARY: HeRsralyelPE04 in an

integratedesiicdiifatl 63 operitest invaytoa@fiannumber of test structures 102 arranged for detecting an
open circuit defect in accordance with the prior art, The first layout 100 includes the first metal layer

104, such as a grUTEpIAtET A rst T NESRR H0lebaatsd 4 RLRHBIAH FhiedPeHRratss!
positionegl o whd iR deop eyt thadir sirpgiadutyerd 04 gdlae-auothier ofispeiabaontariseclap is
manufactured in accordance with relaxed design rules, for.exan]ple, if the design rules specify a
nomihal chfiE&inmeEIdR fCBFUaBPeRRBHS ko HE PRERARE e Wt BIRE SibF o S Bimber of
metal cortacts L is releadwty abotibM24 misTonsidd The fiistlayeuiit00 alsghincludrsyéie, number

of test structures 102 pasitjoned.in.the products (not shown) in the ICs under the first metal layer 104.
The numb%‘feéf’tgléi?sﬂ'ﬁ%?ﬁre%refg‘%‘?g%?ﬂ%[ﬁéﬁw?&ﬁodé@ %%O&taér?]@ﬂ%n circuit defect. A first number

of vias 108 is poRdieied ipracsesasd 10wsdd hasth arfolutss ravydsiBoaf theditstimesaplayorebid, A
second number of vias 110 is posijtioned in the first row 112 agﬁ? a third row 116 of the firéllmetal 30

layer 10£HE HlsmSEP 185t SH¥IIABPE 0% 8 srid b BLINEn RO AT EIS SPEnB' Rl Y as

15  photoresist as required in forming a described structure.
Referring now to FIG. 1 therein is shown a partial plan view from beneath a first
metal layer 104 in an integrated circuit (IC) of a first layout 100 of a number of test structures
102 arranged for detecting an open circuit defect in accordance with the prior art. The first
layout 100 includes the first metal layer 104, such as a ground plate. The first metal layer
20 104 has a number of metal contacts 106 positioned around the periphery of the first metal
layer 104. The number of metal contacts 106 is manufactured in accordance with relaxed
design rules, for example, if the design rules specify a nominal critical dimension (CD), such
as 0.13 microns, then the relaxed dimension for the number of metal contacts 106 is relaxed
to about 0.24 microns.
25 The first layout 100 also includes the number of test structures 102 positioned in the
products (not shown) in the ICs under the first metal 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



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 the IC that are
unused for other purposes in the IC. As additional metal layers are formed in the IC, additional
numbers of test structures are formed in the additional layers of the IC. EXxisting test structures often

occupy agrrge gnoHRiahsRees Bakindbitarossihiento insompiRiathetastSUHciwes ki the actual
manufactured product. 5 Referring now to FIG. 2 therein is shown a cross-sectional view of FIG. 1

taken aldh§ finedBtiong DRSO i thetBir g Aedesnak iBrthmaddifianl iavsss htitels the first

metal laygkilfddtaasesanaineiatayscddsh A samndniur06cepneciaikmseronghogisle layer 204
to a third metal Ia}/ﬁer 208. A third via 210 connects the third metal layer 208 to a fourth metal layer

212. ThelAeFsAsthedestrtehuesiar hoariun Bienviad WediBsifEtin 10 unused areas of the

circuitry betweeRdherMaligus etRbayeisemashiiwhefirgspunbenaf Mias 0BIEosiignachhapeath the
second row 114 and the fourth row 118 of the first metal layer 104, as shown in FIG. 1, connect the

first metdityer 2051 theonineihsiarianesman tf BigH massirdt \ﬁ]é?tzblf,?tﬂ% s I 268, and the

third via 2204 Thefinsiavia 302cHna seaanthyéa 206, anddasmthim vec2dshaserinige SlaekfRin&al
arrangement. Each of the second number of vias 110 positioned beneath the first row 112 and the

third row/$1¢ GPth& k<P HEbBF i@y 302 Sh oWk ries2 10 CORRRLE 11e SHEbRF It S0 to the

third metadlayend Hyaughntharesonthvico? @6t Thedhit metallayearid08ds cenpesieshta the fourth
metal layer 212 through the third vi erring now to FIG. 3 therein is shown a partial plan view

210. Ref
frombhenBAtfics AvSEs 9 tﬁ?e?glcfﬁ%r%é‘zﬁﬁné SNRPABHdAXSHE) of a second layout 300 of a number
of test structurgsa 02 feiangedidonbetestiigsarogperitibasi Befeahithaceethaneswitl theiptier art.

Ihe secopd e 390 elies e e v Jo4 g 8 Mound el Th [ il lver
of metal ¢ontactis3tuithmastalfasterediniacaghddederwitharexebe’R derionaalks, 4ed example, if the
design rules specify a nominal such as 0.13 migrons, then the relaxed dimension for the number
of motal S ils 208 TRla B At Bt SeSH mG: PR SEREag bt SO0 e chidcne
second numahgeraétestEtcucsirgs 36cbraositiabadon the prodpeititietshawinhiththeiitegratad circuits
(ICs) undaenrdtt eefti{l?} rg\t&? Il 16 of the first metal layer 104, shown in FIG. 1, connect the second metal
layer 204 to the third metal layer 208 through the second via 206. The third metal layer 208
is connected to the fourth metal layer 212 through the third via 210.
Referring now to FIG. 3 therein is shown a partial plan view from beneath a first
20  metal layer 304 in an integrated circuit (IC) of a second layout 300 of a number of test
structures 302 arranged for detecting an open circuit defect in accordance with the prior art.
The second layout 300 includes the first metal layer 304, such as a ground plate. The first
metal layer 304 has a number of metal contacts 306 around the periphery of the first metal
layer 304. The number of metal contacts 306 is manufactured in accordance with relaxed
25  design rules, for example, if the design rules specify a nominal CD, such as 0.13 microns,
then the relaxed dimension for the number of metal contacts 306 is relaxed to about 0.24
microns.
The second layout 300 also includes the second number of test structures 302
positioned in the products (not shown) in the integrated circuits (ICs) under the first metal
30 layer 404. The number of test structures 302 is positioned for detection of an open circuit
defect. A first number of vias 308 is positioned in a second row 314 and a fourth row 318 of
the first metal layer 304. A second number of vias 310 is positioned in the first row 312 and

a third row 316 of the first metal layer 104. As is the case with respect to test structures



30 layer 404. The number of test structures 302 is positioned for detection of an open circuit defect. A
first number of vias 308 is positioned in a second row 314 and a fourth row 318 of the first metal layer
304. A second number of vias 310 is positioned in the first row 312 and a third row 316 of the first
metal layer 104. As is the case with respect to test structures 6 arranged to detect short circuit

defects, grighinaItRSISEHCIHERSALEN QOBURY &lXige RNAHIERLSRAES BrRkINgdiYeasslIs o
incorporate the test structures into the actual manufactured product. Referring now to FIG. 4 therein is

shown a PPy Baktnt IRREBITAC IRERAVAIEHGC 5 Gl e Wus B 913 LiodriglmearfariyEitent of
the of viagrofifiist via 402 connects the first metal layer 304 to a second metal layer 404. A second via

406 connects the second metal layer 404 to a third metal layer 408. A third via 410 connects the third
metal layer 408R61518§ ﬁﬁ%@ﬁléy%rt%ﬁn?ﬁéwBe‘%%?%éﬁ%ﬂ%?&tﬁ‘r%‘% Qoblshourkenelenss is

positionegny 4UnUsed@Ereanh & the Giscattiy eatuaest the yaripys matadilayueio 1 mach ahthgrirst
number of vias 308 %ositioned beneath the second row 314 and the fourth row 318 of the first metal

layer 30475€ kIR FIG2 seeith B th &R HetariafePdoudct Ao sORReRi BRI S5 U B ough the

first via 4Q2eth@seconaivibd&al angkth® ghird vidrdhia. dMnectifstevia de2hihe meconsviaidboand the
third via 410 are in a stacked arrangement. Each of the second number of vias 310 positioned

beneath tRBTHSPFGY $YS" dHd thERRRHTOR £ $16 BrUHE st trete Wy dt 584, SHowRsienes 1,

connect tha:secanrdsoetat layeaiid9bionthe thirdametallryar 4agdhrough the second via 406. The
second via is connict d to the fourth ng}gta,l layer 412, t,hrougg theéhird via 410. Referring now to FIG.
f

5 thEtein is sholi’ @%H}&é&ﬂa PRPGTEO) 8133 fifst ROHHECEOtRSR ShAREFESS0N Phandraktuld in
accordanegittiothe megant inventienfarydet®ing sh@OmshorIGrqyit slefeat thhgrbir sharumipgsrof test

504 il B RS Er A T LA OSSP Ao A b e Ak Hbtal pad
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5001 svhilglediichediike rasngual ef 3pachonmiwies. for pasitaning etind fiistanlapbenof teshe
StrucwreauSr Orhetal layer 408 through the second via 406. The second via is connected to the fourth
metal layer 412 through the third via 410.
Referring now to FIG. 5 therein is shown an enlarged plan view of a first number of
test structures 500 manufactured in accordance with the present invention for detecting a
20  short circuit defect. The first number of test structures 500 includes a first test structure 502
comprising a first metal pad 503 and a first metal line 504 having a “T-shaped” configuration.
The first metal line 504 is not connected to the first metal pad 502, and is spaced from the
first metal pad 503 by a first space 505. The first number of test structures 500 is small
enough to be positioned in a relatively small, unused portion of the IC thereby providing IC
25  designers increased flexibility in the positioning of the first number of test structures 500
while reducing the amount of space on a wafer for positioning of the first number of test
structures 500.
A second test structure 506 includes a second metal pad 507 and a second metal line
508 having an obtuse angled configuration. The second metal line 508 is not connected to
30  the second metal pad 507, and is spaced from the second metal pad 507 by a second space
509.



A second test structure 506 includes a second metal pad 507 and a second metal line 508 having an
obtuse angled configuration. The second metal line 508 is not connected to 30 the second metal pad
507, and is spaced from the second metal pad 507 by a second space 509. 7 A third test structure

510 includes a third metal pad 511 and a third metal line 512 having a right-angled configuration. The

third metal line Al éhisdnetconnaaiedst@ thR fited Mmeatal padsbhdand iskpacaddramdneipird metal
pad 511 by a third éﬁace 513. A fourth test structure 514 includes a fourth metal pad 515 and a fourth

metal lind®188 3 fighhanglet SeMi@yiRtgarad b6, RELimeiL 86 misarfisewrstts dettherihittied to

the fourthengtpadad] and is spacedibambbefrymbanetal padlyariadripseans 518. The first number
of test structures 500 has a ground grid 520 surrounding pairs of the first number of test structures

500. The grounddAEBYEHBHERE LG riREEsH 20 WEBRESH §Adut frdad MR mstal fine 3b2, the
second mgtahline SRBgkhe shiiduneial ling &g, ardithed Mfeurtinpesablinendi Gothie @mundngrid 520

also reduces the effect of any electrical noise gr interference caused by the presence of the first

number SPHS Qi rdsaBgas sPaneEirasrdhs Emythimes Gl aaA P Y AT RSH iPaffed b be about three

times the desigTrdl&darmnatasessikupailis e as The aneued OFL05Rritsuaamesiad 60 me
electrical ground in a particular IC through corner bond pads (not shown) attached to the corners of

the groud A BO8r 95 BVt first AtiHioePd 1 R PURIOHAE 55 A FHOM R R Wi s paces

sized relgi@drshendeniginailgsiferibe partietdat adaMihic B 0B el shird el dintest Stasetdies 500 is
being used. It has been discovered that the metal lines and spaces.in the first r]umber of test

strubtureSO8H0 SHEMA e Wi d P SIQHRM it aligTottes siPahisiliaPYCE &R A8ISE e metal

lines sholiigtiversiceccabadt byicadhedenignouiddofimeralilibes c2QRreferhblysdrspaces saould be
sed syt ol e Scan e o Sheces s 1o been deopred e g gnid o2
particulaidG pperifaihet. MEtaldioesdof X2 nicreimandspagesiefidichl saieianithepaetal inES in the
first number of test structures 500 25 preferably should be about 0.40 micron, th ces should be
about 0 S RENG B LA SHE AL 0L BT B HRAFr A hoc size
accosdance witlPibferatggighd Ules. number of test structures 500 has metal lines and spaces sized
relative to the design rules for the particular IC in which the first number of test structures
500 is being used. It has been discovered that the metal lines and spaces in the first number
of test structures 500 should be sized in relation to the design rules for a particular IC.
Preferably, the metal lines should be sized about twice the design rule for metal lines.
20  Preferably, the spaces should be sized about equal to the design rule for spaces. It also has
been discovered that the ground grid 520 should be about three times the design rule for
metal lines.
For example, if the design rules for a particular IC specify that metal lines of 0.20
micron and spaces of 0.21 micron, the metal lines in the first number of test structures 500
25  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.
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 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 contacihithnésspgseridieddngtahpady Ihekmetal dagkisuntmesrthan dbrsizenaf the gafeetdhereby
making it easier to observe any defects that are detected under the influence of the e-beam testing

equipmeHPIREHREAREUTOEF o E1esC BnBr RIS Atenlarged plan view of a second number of
test structures GRGNAM RIS HIC aSEREERNGE B Rt RIasRd pran o dejeditmimzopen

circuit defect. The second number of test structures 600 includes a fifth test structure 602 comprising a

fifth mete s SBYHHGOMHTIARIAGHE 80 Hrsontgnce HERABe @ e TN igYration fPheetRit ASetal line
604 is copnacteria adiith metakasd 6 RRbIsteRasa nireotiteififth deetapad @@ 3 dycaufifth space

605. The second number of test structures 600 also is small enough to be positioned in a relatively

small, unP&e S PRIGHNSE thlit thsiabpad BPdviid gt Ei iR sarakslifc rade il ity lir iiRSHositioning

of the seeentguinbar dHesiBthaiInest6 WilthRdied g thefeaHahPhsPE08, AR @ivahesder
positioning of the second number of test structures 600, A sixth test structure 606 includes a sixth

metal padf &B74nb 3B hwath Pline e de Haviig ahbbrdk SFigan BERRGLAHEH. Stk WitthGHetal line

608 is compecteghialitbgosixthiolberpetaifad 68 4, _Rndileispased iatydheshith vetak gackklédyy a sixth
space 609. A seventh test strugture %:‘rlﬁ? includes a seventh metal pad 611 and a sevent%g]etal line
612 RaviREPy At SngrReesRMBITaRRSS. FRdRERe R RS P ls BerRed e Lelishth metal

pad 611, andtig&peceavinertdaseyentametak pad Kt by a sevantbrsraaeotilnd: Anieiglhitvirst
structure 614binclgdes an eighth metal pad 615 and an eighth metal line 20 616 having a straight
configuraHBRPEGHileStREEsHHES A%l line 616 is connected to the eighth metal pad 615, and is

spaced from theaeighth teaetatpack 6 b dynanmaighiRispaee6l $ad D peadnd dikim best o test sdgictures

600 has a ground grid 620 syrrounding pairs of_the second number of test structures 600. The ground
o110 650 BFOIAD BB OBl BTy A R o EOEBIE SRk nSisH e 60,

the seventbranetal 60, 2bd6d 2pand theneigbtiimeiat tinpLa14D) 7TThegiaunspgeid 6820 also reduces the
effect of any elgctrical polse or Inferfergce ased by the presercegf the second pumber,of tes
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 seventh metal line
25 612, and the eighth 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



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 pagiigulacd G0 Wiichitbe sesanddsimnResaf iRshstassivres 96 imbainandseshdtdiasheen
discovered that the metal lines in the second number of test 9 structures 600 should be about the

same sizPALEAG R Aol virst A filesi St h A28 <salte’ BB Ghdbehinda e sign
rule for spaEBSIRA Maftitelardtndt dipdMsdean disapyererteaiihe gheundighdieGshpigldibe about

three times the design rule for metal lines. 5 For example, if the design rules for a particular IC specify
metal lind@&F 0.20 micron and spaces of 0.21 micron, the metal lines in the second number of test

struciures 600 peeferahiyishoud besahorid 20:misianhe Rpases shoetd hmabeuo OdtAmisron, and

the ground grid should be about 0.60 micron. The minimum pad size is in accordance with the design

rules. 103RdopRsiion! iP2 mBIA RRe BEMSBE iReSdBotY nneBer et stfuttirsledbrss BP9ken,

there willjefanmpansitguilebaivieen 1benicekentheeiphdinie saodiishasansiated meiatopadnd igeopen
circuit will cause the entire metal pad to appear dark when inspected by e- beam testing equipment as

compare& B Ehyof (e L BnatbaP Sriep st R IR B R Aieh thi Aedidanss it Broken.
The metaldengh imlagger than the size of the defect thereby 15 making it easier to observe any defects
that are detected under the influence of the e-beam_ testing %(ézjipm nt. Referring now to FIG. 7

therdin is showlaRRSFLYed foiaM AW BF difePf5t8tdle SRRHIFEEMPSTetatfth TRIEH s Dbhird

number afrigshsthictunas BeQinaniskMeaintifadisreeein tiaceasdanesewithiibepraseniseniertioneAlninth
test structure Zﬁéincludes a,ningl)metal ﬁéd 20 704 and a metal comog structure, 705. Tge metal comb
structurePds SR OO HO 52 W HIsEaH T TR FRARPTF L 905 M d'SBESYH Berfion 710

connectestitnagidundq@tish fd2athedisyrieundsatiiedhiied Rucoharmhiest SifueitisasotQfds T first
portion 70 .aHd the second.portion 10.0 he me! al com structure 705 are interle ved and are not
Conectet 1 LS oh v o At st U o) B A G e ot GGt

15  making it easier to observe any defects that are detected under the influence of the e-beam
testing equipment.

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 structure 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.
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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 gesigerdtles foparpatticelar e prasky o i@llings phl- P imiciadranposigses of 0.21
micron, the metal lines in the ninth test structure 702 preferably should be about 0.40 micron, the

spaces sHSUIHALEISEHED SRS shdrerEingRomstyPeAsHSLIT @PREHURBEED WhEPIRSAEhinimum
pad size by iB-BesArdanGe With pheslesiorbmased &lampsratiomiifirassotthedirst pottian wifgontacts

part of the second portion 710 causing an electrical short, the entire ninth metal pad 704 will appear
bright wHER IS8T e Heam testing equipment as compared to any of the ninth test structures

702 i which thareigmeshartGiieelit. 2 MEantss testsliusiise patinelbsles acipathimeaialpashél6 and a
serpentine metal line 718 connected to the tenth metal pad 716 at one end. The other end of the

serpenting fhetanasied 29dhs et padrd §sms gRd: 71bsrtes srd idheretpsrd Humeal of test

structuresiné 94 8 Thedanifrde b stuIstoiad dds7designeariousatetian RPRMAKkGWE Breiairllyedhe tenth
test structures 714 has metal lines and spaces sized relative to the . 10 design rules for the particular

IC in whidhd RFan e &L otuairEe 714 IS Beig b Bbdeiarhan KBsR His¥vered that the metal lines in

the tenth test stpysfurgbil4hshentd feet abatiutiee pRMEAsaschE]dRSIghd hadey methidingse anthéhat the
spaces should be abggtﬁ%/v%ce the desi(gn rule for spaces in a particular IC. The minimym Rﬁd sizeisin
&

accHldarfS GRAHe RRREUIRE G la nmiis it R BRI St RS W o barSRrita Essfe iy Aetal
lines of OpdEnndiigtonedd @ind gRaarsa0iidelimnigsaenthesnetaldinasintkadelatibdesostruaiwenéls

Chould b& AR ERa0 AR A LSS e BB R L BRIty o
operationpifdhiei sarpatidorimetalmiranidnen fekeneausing estdanes wituiic e antiiktenth metal pad
fest stotures 751 FHFRUR TATE 16T DA b PR o R DS ORI S Qe e e
existencend spaudscHicoiL Candivantha astliingnin thehneiailprd: afrivevielevapriestablugiviédagpearing
bright, ana%ég? (?ét? tr%?ccr%n?fthe spaces should be about 0.42 micron, and the ground grid should be
about 0.60 micron. The minimum pad size is in accordance with the design rules.
In operation, if the serpentine metal line 718 is broken causing an open circuit, the
entire 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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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 shoggiisstiband arefpadcuihdelfats doghe panadaperal aieg-ataniCuiRRA NG BAW g FIG. 8
therein is shown a flow chart of a method 800 of testing an 30 integrated circuit using an e-beam
tester. THeSIfethod 800 includes a step 802 of providing a ground grid; a step 804 of providing a metal
pad having a sppggstheminred Apstred withine thewruadi dipamaieR 0L ptamvidiverasmetal line
connected to the ground grid and 11 positioned in the space; and a step 808 of processing the
integrateEx kit IRRPTHET-pRd nherstelorerhpravrHal b e 8ol HiRsverdoriilitithe dfdhdinsHIbparatus
of the pregeahinvantion plroishiiy peTaBE ansh hevietelane; Unavaidahle goluians, caprbildigrimand
functional 5 advantages for performir;%v%[gge contrast testjnacin integrated circuits. The resulting

8k

process ARFESHYLFARDISLAHOLs AT VS Gn GHORANIGHC SyparRRtsa g Rishh ¥ resttifdileand

effective adge:eRpMeAtigRALIRGRRANGIER AR SR {husd eadisuitadiforsmanufactmingriniagiated
circuit devices that are fully compatible with conventional manufacturing processes and technologies.

10 The pHESSHURNSHERH prSVIgES (et sitbctLy (RAPRAL NSy SRRLERieRr L aRPEaHE BBy
increasingréhesahilifydtepaifosmdailure analysis of integrated circuits. The test structures of the present
invention do not require vertical stacking.. Furthermore, they can be used in the IC praoduct itself

therbby reducind 5 RifTRRRHNG HE RISYIHS L s\ SHYSBIE S pa¥edth SAMREP 5IRY 8 4Miltfes. 15
The test sieuebyrias@hine: pres®ilitnwepiaoralFainie desighedithiestated batiepen circuits and short

circuits, resulting in enhanced capab%eité.&ln addition, test _strucngJrres manufactured in accordance with
the present inveHtor St SR Es O b1 OAF SIS BA Ut rfste ARk f5t' e 1 '6&ing factured
than existinghéesbostusiyresn26: Wile ithentnvenpiodnas tbee nhdeseoribath iingosjunationtiviphthespecific
best mode, itis to be unl():ilerstood that many alternatives, modifications, and variations will be apparent
to need to use valuable space on a wafer for the test structures.
15 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 less electrical noise and interference into the ICs being manufactured than existing
test structures.
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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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. 12 THE INVENTION CLAIMED IS: 1. A method of

testing amintepnates tioN tcysy/@perdeam tester comprising: providing a ground grid on the
integrated circuit to be tested; providing a metal pad having a space therein and positioned within the

ground grid; 5 providing a m%tjilqléne connected to the ground grid and positioned in the space; and
processing the ihtegrated eIt WA IR BoYBIGHT A SO NG AR A GFIESH R R RN ted circuit
using an e-bearprigstenas glaimedrid siatm thiehatedcpraviding:asedal line connected to the ground

grid provides a metal line that is not electrically copnected to the metal pad, whereby, upon the
occurtence of ARt B SN BNE BORIEEHTE hELPHAR S A THLLAF BBt pac
appears bright prgeditheainfitanes: ebie @ddaannéasiamd ghbamigihadpkesting spniategiated circuit
using an e-beam tester as claimed in_claim. 1 Whelbein ;l)%rovidir:%? a metal line connected to the ground

grid provides a RISESFTNG HFaPis Stk LB HRdRETRERASH&tal pad, whereby upon the occurrence

of an electrical 15 ope n the metal line and the metal pad, the metal pad ears dark
1 f Seartd fe e Thhed

ircuit betw ,
under the influence of ﬁ% g{%g(gnotis?t%lrpgl% he ?ﬁreatﬁo gf?étsﬂsnla nnlr?fgﬁ?aet “Circit using an

e-beam tastésias Ichalmeth prevadingd avhetditinerovidiagal noetid kineupdogidepravidetad ineadflateleast
one of a T-shaped line, an gbtuse-angled ling, a ri qflt-an led ling, a straight line, a serpentine line, an
terieavi0 Cata b e e Ao dranbe e BP TR A e e RER RLER waing
an ecbeaeietestat ssoclaimad bateledm thefurtharloenapdshegmetalvicihgle secahdahepplepascbhating a
space therejn %)siticﬂned witHrPl thebgroupd egrid; and 25 providing a second metal line within the

er Ine 11 nce o e-beam tester. .
ground grid, wherein the Second metal line 15 connected to the ground grid and spaced from the

second metal pad- 6. Arfefhal el {psineh . inietRies ATk 4Ring 2R EREAMIGSIeLCamRIiSng:

in claim 1 wherein providing a 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
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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providing a ground grid; providing a plurality of metal pads each having a space therein and positioned
within 30 the ground grid; 13 providing 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; and 5

processing the ipigaitatad £iptuibMithdhenedieam denienin dThemathacef tsling AR iskearaird circuit
using an e-beam tester as claimed in claim 6 whereiné)roviding a plurality of metal lines within the
f

ground grid provides aPIER&YLHHEEH BrEhé SRR Mt EiRwdREdiaR R AN o Rhected to

an associated metal pad, pHhaIRDYoURCRIRACCIHIGRRRGhN RiEGHKICR: PRt GIICKHY hEBIRRIa
portion of 10 the metal lines and the associated metal pad, the associated metal pad appears bright

under the influence ofthe Y-heR TRt PangAbRHsHIY of testing an integrated circuit using an

e-beam tester agretaiyiad tie chadorhoyhaein Riaviding sepikatidr of metal lines within the ground grid
provides at least a portion of the plurality of metal lines that is electrically connected to an associated

metal 15 pad, wherebyripaneiihedotussangenfianeelectriciat wpasitiraditieiween@porionmédhe metal
lines and. the associated metal.pad, the associated ?.talépad appears dark under th iant;lence of the
e-beam 1SS OTHACTHERECY P ESH R W R LA N HUIMETS TR B AR 988 i in
claim 6 wheeivprovidin pamlitakily ot tletaldingsprovicesl ecpivndlitycofimaetal lines afssbc2eleast one
of a T-shaped line, an obtuse-angled line, a right-angled line, a straight line, a serpentine line, an
torleav Ot R BEES o TGRS HRAPUSHS0 SL S SlEiHb o TEGAHEEA Pt RS (g an
e-beam téstenasl diatneaddithelaivo6mdieredmbplensha dvsigadiomeahthedlusplitysasmgatalddees is not

eIectricaI% copnected rft%thellg associtated metal pads; and at least a second portion of the plurality of
25 metal Tified 1§ eletttc ﬁfboer?ﬁ&et%arto their associated metal pads. 14

8. The method of testing an integrated circuit using an e-beam tester as claimed

in claim 6 wherein providing a plurality of metal lines within the ground grid provides at least

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.

0. 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.

14



