; €3eSNNQ| QRQZ( S6”STSan 9PADLESS STRUCTURE DESI GN FOR EASY | DENTI FI CATI ON OF
BRI DA NG DEFECTS I N LI NES BY PASSI VE VOLTAGE CONTRAST BACKGROUND OF THE
| NVENTION (1) Field of the Invention The invention relates to a test
structure and nethod to | ocate bridging defects in an integrated circuit
device, and, nore particularly, to a test structure and nethod to | ocate
bridging defects and to nonitor critical dinensions using passive voltage
contrast w thout probing. (2) Description of the Prior Art Integrated
Circuit denbIEssYETHRTURES DESAUNT 8SRt BRs ¥ OF M@k 0t (fr TRt %hﬂag f& on the
surface of a wafer substrate. These material filnms are deposited and then
pat ter ned. Typi cale mrirseni agNESCHA ANeST RN &P RRAAkRALROOr aphi ¢ step
(photo) and an etching step (etch) as Is wel nown 1 n e art. For
exanple, in the formation of the netal interconnect level, a netal materi al
such as alum numis deposited over the substrate. A photo step is then used
to forma patterned photg I netal. An etch step is
t hen performed where the fﬁﬁ% {ﬁﬁ§K§Dé§%oéggEF%P§% et ching at nosphere. The
nmetal layer is etched through where exposed by the masking | ayer but not
et ched where protected by the masking layer. In this way, the netal is

patter t e |nterconnect design for the netal |evel of
t he degﬁz ?# omnhgm?nglé?% Mg step, it is typical in the art to perform

an inspectlon Until recently, this inspection, called an after etch (AE)

i nspection, would be perforned using an automated vi sual inspection system
Thi s inspectjon, systemwould optically analyze the AE wafer and conpare the
pattern to th® H%géﬁﬁFQﬁuﬁ?l%QQﬁe@@nﬁ CREBVAEFentise téed ysethofd tve scanni ng
el ectron nmcroscope (SEM to provide additional AE inspection information.
A SEM WBFREC YT 5e&HH ritpfartar da ef dhécuapbedwithoait idwiident anar, primary,
el ectron beam A receiver in the SEMthen captures secondary enmitted

el ect r BA5Sf POHT I Hel awdor toTke tespt stedceniet eod eheisdns draadthen anal yzed
W th respect to the scanning beamto generate a visual inmage of the wafer
surf ackridging defects and to monitor critical dimensions using

passive voltage contrast without probing.
(2) Description of the Prior Art

Integrated circuit device manufacture requires the
formation of material films on the surface of a wafer substrate.
These material films are deposited and then ?atterned. Typical
patterning techniques employ a photolithographic step (phoﬁo)
and an etching step (etch) as is well known in the art. For
example, in the formation of the metal interconnect level, a
metal material.such as aluminum is deposited over the substrate.
A photo step is then used to form a patterned photoresist mask

,overlying the metal. An etch step is then performed where the

1



O particular interest for the present invention is a phenonenon of SEM

i magi ng of integrated circuits called passive voltage contrast (PVC). PVC
occurs when the SEM | ow energy, 2 primary el ectron beam strikes a
conductive layer, such as netal or polysilicon. It has been found that
conductive lines that are coupled to ground wll emt a |arge anount of
secondary el ectrons. Conversely, conductive lines that are floating wll
exhibit much | ower electron em ssion. Therefore, ground interconnect |ines
will appean as bkbgbéd! t&esn aftdihioy SEMERGE recr eeRe Wkt 1 f1.0a8 ngs wil |
appear as dark lines. Referring nowto Fig. 1, a conventional, interconnect
layer, elreskdsthushykewhsrsomb sy, tegst m.%%'j(gﬁbuig%/éf Y doredglLet i ng

bridgi ng defects. The test structuré conprises a patterned conductive |ayer

14 overjnei-Bapactegten 9§ the bsiiphe L0 The kayer,dd i s, pajderned to
forma conb structure. The conb structidre conprises a first network 18 of
interc pol.y i gi | PAD A a econd_.netwqrk 22 of
_intercgﬁﬁggkggdpg yggﬁﬁ gé%g#ﬁ%%#%%igktfﬁgoﬁﬂéég ggéfq%e %%h%P%€$%%% reis
~further defined Q¥ hoLerleaving of the first and second networks 18 and 22
such t hat paraIFe conductive lines are generated using the m ni mum spaci ng
‘for the process. After etching, the test structure can be electrically
tested by probing both PAD A 24 and PAD B 26. A high resistance val ue
bet ween PAD_A %4 and PAD B 26 indicates that the etching 3 process for
the conduct FO&IPYyRY §D° RECHakh E6Hsl dite ISuEHPLRAL #hethe rat e work 18
and the second network 22 are independent. A |ow resistance val ue between
PAD A P£TZRETPAD B 9BeFhtRat éitiHatregeshdiy Ehisuinse¢sianbetaddad t he
networks 18 and 22. A typical cause for such a short circuit is inconplete
et chi ng o ttRE ééﬁhluéﬁgelm%%ﬁé?timrt et ldebel psriarmedrusiingndef ect
bet ween the networks. Referring nowto Fig. 2, a SEM may be used to anal yze
t he t esutomatiedurésusl ntnspectfv@ effseem. | Ahtiki snepsetithesyfter etch waf er
is loaded into the SEM system For exanple, PAD B 26 is probed so that it
can bewvoodpl edtioaytwuamhl PAD th2 R salfeft ahbHoabinpgre Thiee AT t@St dos run by
scanning a | owenergy, primary electron beamon both first network 18 and
second thet deskgR2daThe first network 18 should remain dark where no
bridgi ng defect exists. However, the second network 22 will glow due to the
defect. In this way, the PVC test can be used to detect if a bridging
defect has occurred. The prior art test structure has a serious limtation,

however. Asadi-ggusethabayeiot e G skl Uet Uhe E@aﬁﬁfﬁ?%ﬂc%i nuous,
parallel lines. If a bridging defect occurs, then all of the parallel Iines

Will beiglewknge Lmis Uerydlifdd Gllds tion¥isHal ¥spdeptify the location of
t he defect 30, which can be 4
information. A SEM works by scanning an area of the wafer with
an incident, or primary, electron beam. A receiver in the SEM
- then captures secondary emitted electrons from the wafer. The

captured emitted electrons are then analyzed with respect to the

scanning beam to generate a visual image of the wafer surface.

Of particular interest for the present invention is a
phenomenon of SEM imaging of integrated circuits called passive

voltage contrast (PVC). PVC occurs when the SEM low-energy,
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very small, due to so nuch light emission fromthe rest of the structure.
It is desirable to be able to precisely locate the bridging defect 30 for
further failure analysis of the defect. For exanple, the defect can be
cross-sectioned and anal yzed using the SEM However, this cross-sectioning
nmust be perfornmed at the exact location of the defect. In addition, the

| ocation of the defect can tell the process engineer inportant information
about the operation of the photo or etching processes. Providing a test

st r uct wremairi/h eaBct AR OMesh capabidd ty dpfauketRedehseti ngyandyd qgating a
bridging defect is an inportant focus of the present Invention. Several
prior @it ponyenliens. r et al s - fasshey \ﬁ@ila%a@%nﬁﬂeéﬁgét lfﬂ'%s Snl?lji%g%sr Lo

detect processing errors in an integrated circult device. ten

D1 235, Bekplled! QoSyboudd wfl) Ayl S108ES AnIRREOA.! 8 08hgety Tetal 1O V)

m sal i gnment s usi ng passive vol tage contrast on a scé%ning el ectron

m cr os . uc i i scl.ose .S, Patent, 6,201,240 Bl
to Dot%%QSF&§FQ%esg?%ﬁé%s%ﬁ%@f%%gﬁgﬁﬁjghﬁgﬁﬁgrgpag £5° ehhdhd SeM i agi ng
usi ng I e y ing. US Patent 6,001,663 to Zing et al teaches a
nethodggﬁégg%rﬁg%gr%ggggd%g%%%r%ﬁﬁﬁﬁﬁs%ﬁofes%gﬁkﬁgP§§iIg%%%m%nd sour ce-drain
deviceﬁhtérggggletbiid%e, Igﬁt structure i.s inELenented usi ng resistor
paths cONPFiSPRG-Vartded SHudRRSS aBePedOhsi 2énRan Rt et ¥ifi ifdI Dy 5
neasuring resigtkvi%i. U S. Patent 4,855,253 to_Wber discloses a nethod to
det ect SFARGBNT B2t Bct $°F i Thtle GiPRSEd &iSr 887K débfBe. SUMMARY OF THE

| NVENTI ON A principal object of the present invention is to provide an
effective and very manufacturable test structure and nethod to | ocate
interconnect defects in an integrated circuit device. A further object of
the present REAGBALRGNMPY & Firdvilde aa coagenstiposlur enfercémoeatti ng bri dgi ng
defects in an interconnect |ayer using PVC. A yet further object of the

pr esentlay@ventEdh Perrotprovidemnest Totisuttatestonctosatingdad dgirng
defects that is effective for conductive | evels patterned by etching or by
cheni cdetrethagi baidpolg stefregtsA et hestobjeattofet bengprasanta i nvention is

to provide a nethod to detect bridging defects using PVC and a novel test
struct prétebned conductive layer 14 overlying a region of the

substrate 10. The layer 14 is patterned to form a comb
structure. The comb structure comprises a first network 18 of
interconnected polygons originating at PAD A 24 and a second
network 22 of interconnectéd polygons originating at the PAD B
'26. The comb structure is further defined by interieaving of the
first and second networks 18 and 22 such that parallel

conductive lines are generated using the minimum spacing for the

process.

After etching, the test structure can be electrically
tested by probing both PAD A 24 and PAD B 26. A high resistance

value between PAD A 24 and PAD B 26 indicates.that the etching
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A yet further object of the present invention is to provide a testing

net hod that does not require probing. A further object of the present
invention is to provide a test structure for neasuring critical dinensions
“in a conductive |ayer using PVC. A yet further object of the present
invention is to provide a nmethod to neasure critical dinensions in a
conductive |l ayer using a novel test structure. A yet further object of the
present invention is to provide a test structure and nethod for neasuring

cr|t|cahc@bﬁen$b@nﬁhést@ﬂdﬁﬁﬁi¢éﬁﬂayé%-qu%%%'%@eEOEoﬁBﬂgH&té&EhléH%?
patterned by etching or by chem cal chani cal polishing. In accordance

Wi th t heecoliegkSnatwbhk S s NVENtiN, s st e3tbugt Yhe 10 lﬁ&%&&&éﬂ@g' ng

defects in a conductive |ayer of an integrated circuit devi i's achi eved.

- The tesf 1$iF YeEYELFOEPL BES il Sign dyctive r overlying
a substrate. The I‘lane IS coup ed&ét%g1 g%cﬂtjr%d% AgB ur ap #yééfll}%c e gSI es

CONMDI i $68 t Qeﬁﬁegguem&#w e L RELANGLeR e DOt & °”“§S§2§d to the

line or to ot rectangl e edges o nd* of the

i ne ar, L The_ rect,angl re floa in Al'so |n accordance with the
Ob]ECthg?% i gh%%eg T onIcly é)éhﬁf GHCa¢Lt & bFPﬂﬁ?ﬂgeH%f%ﬁﬁ¥99919¥
conduct%ye |ntﬁ§{ated circuit device is achi eved. The net hod

Ia an
conpri ses pP8§P8 ﬁ&e LETRIUTT i VB G FPeldGerPy AnBrade{dst FafCt The

conduci;ve | aye atterned to formlines and to forma test structure.
The te ¥F?Bc?h?en% #pFfSes a ine conprising a conductive |ayer overlying
the substrate. The I|ne is coupled to ground. A plurality of rectangles
conprises the conductive |ayer. The rectangles are not connected to the
line or to other rectangles. Near edges of the rectangles and of the |ine
are paral | eReIRBARING YRS =0 & gpaded byPEY versbantsedl ue. amdkyreatangl es are
floating. The test structure is exposed to an el ectron beam Secondary

el ectr 6@sénkssiiohere ropinhecheFAVGtafidectr.e dnethbai tased tioe laouaie |ine
defects by passive voltage contrast. Also in accordance with the objects of
this i mteht weherai srel daxiked olnmeadivee SEM siyeakndi FEASEQASp1d, Paomdueti ve

| ayer of an integrated circuit device is achieved. The nethod conprises
provi diisgpaocbeddsct tver | fyefarowey lagupded substeabe, Fhe conduct invg ayer is

patterned to formlines and to forma test 8
floating. The PVC test is run by scanning a low-energy, primary
electron beam on both first network 18 and second network 22.
The first network 18 should remain dark where no bridging defect
- exists. However, the second network 22 will glow due to the

defect. 1In this way, the PVC test can be used to detéct if a

bridging defect has occcurred.

The prior art test structure has a serious limitation,
however. As discussed above, the comb structure.is formed by
continuous, parallel lines. If a bridging defect occurs, then
all of the parallel lines will be glowing. It is very difficult

to visually identify the location of the defect 30, which can be
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structure. The test structure conprises a line conprising a conductive

| ayer overlying the substrate. The line is coupled to ground. A plurality
of rectangles conprises the conductive |ayer. The rectangles are not
connected to the line or to other rectangles. Near edges of the rectangles
and of the line are parallel. The near edges are spaced by non-constant
val ues. The rectangles are floating. The test structure is exposed to an
el ectron beam Emtted secondary el ectrons are captured fromthe test

struct ueeyt @nkocat gua 6808é hith he drastenSiskichUrecRYtR@sstye yeolirge
contrast. The critical dinension is determ ned as the snall est space

wi t houtstaushart. BRI EF SESCRIPTH QN 6k Ewe%%w@iéelgﬂg?@&&é’”ﬂgﬁé‘oyi ng

drawings formng a material part of this description, els wn: Figs.

1 and ikl abecar copVEDE | ARAlndeSta SUENCLUES L9t J8LERLI A0t doi ng

defects in"a patterned, conductive layer 1n an integrated circuit device. 9
Fi gs. iLh Lus t ir ef erred L.aen f r esent
inventﬁgﬁngﬁémfas'aEE%vg?E%%%té% ?%%f%%g%fg%gﬁgggggnén r?d%ﬁ%%ﬂgefects.

Fig. 5 jJd:lus t as referred enbodi nent .of the present_invention
showi néll *a n#o&%? ? _%Dsdf rrlg%ﬁ%gef’oeﬁholcsatcé 55 éﬁicﬁéoaé{agc]fl%?tlg?%s?’e%fom&;
wher e e BSnATBPPVFayEP | & ddHd R B ‘polPoRFAGE PROschs oo o
illustr €.a third preferred enbodi nrent of the present invention showi ng a

OgsthEt PREEGFeCED Mehb U G565 SBoBRSEoMEPBEt 2P bat t er ned

novel t'est
conduct,ive layer. Fig. 10 illustrates a fourth preferred enbodi nent of the
presenﬂnﬁﬁ§@ﬁ¥ﬂ8ﬁ SROWF nba FRFEt s o fndtRoghPEOnBASEFRhing

processes. Providing a test structure with an improved
capability for both detecting and locating a bridging defect is

an important focus of the present invention.

Several prior art inventions relate to passive voltage
contrast and methods to detect processing errors in an
integrated circuit device. U.S. Patent 6,236,222 Bl to Sur, Jr.
et al discloses a method to detect metal to via misalignments
using paséive voltage contrast (PVC) on a scanning electron
‘microscope (SEM}. A test structure is disclosed. U.S. Patent
6,201,240 Bl to Dotan et al describes a method and an apparatus
to enhance SEM imaging using narrow energy banding. U.S. Patent
6,001,663 to Ling et al teaches a method and structure to detect
defect sizes in polysilicon and source-drain devices. A double
bridge, test structure is implemented using resistor paths

comprising various structures. Defect size can be determined by
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critical dinensions. DESCRI PTION OF THE PREFERRED EMBODI MENTS The preferred
enbodi nents of the present invention disclose 10 a test structure for
detecting bridging defects in a conductive |ayer of an integrated circuit
devi ce using passive voltage contrast (PVC). The novel test structure
facilitates precise |location of bridging defects. A nethod to detect
defects using the novel structure is disclosed. The nmethod is useful for
conductive | evels defined by etching or by polishing. Further, a test

st ruct wee sand nget-beds a5 e1 € sch ose | 3G sPYEst e |t cal

di mensi on (CI»@ﬁf a condug%i3£Q?a3g%gﬁﬁggf%%5fg§§ g%?ﬁ%%g%ﬁﬁﬁ%e(ﬁ%ﬁﬁ for a
met al | k fi-pe tchi ol.i_shi.n [t _should. be clear to those
experigﬂggéhgﬁ'Fﬁegg?¥cﬁhg%ﬂ%§&f%ﬁ€§§§% ﬁnnggn PgﬁggggegecﬁﬁﬁT¥%d and

ext ended Mithout deviating fromthe scope of the present invention
Referring nowto Figs. 3 and 4, a first preferred enbodi nent of the present
invention is illustrated. A novel test structure for locating bridging
defects is disclosed. Several inportant features of the present invention
are shown and di scussed be%gpﬁ Referr%gg articularly to Fig. 3, the novel
test structure conprises a gfe, CEohdRctTNFY T EPer 54, As a first

inportant feature, a line 58 is patterned in this conductive |ayer 54. The
line 58 preferably further conprises a network such as the two-di nensional
branching pattern shown. In this branching 11 pattern 58, a series of
lines are cOnBARGiRBtpPRIESUC tHhst PrReeaft ipsephicer hs 58 ipraowd ed to
ground 74. This ground coupling 74 may be fornmed in the conductive | ayer 54
only ofn&y Le6RPFEsenéorrEe thayifdct grblet Gres atongtwi¢ hamtldidttenal | evel s
of interconnect material. In a sinplest enbodinent, a single line could be
coupl edct dogpoandnter¢onmmetheldfieves58npant iohegfatbe siracitirdsviAs.a second
inportant feature, a plurality of rectangles 62 are patterned in the
conductive |layer 54. These rectangles 62 are designed to be non-connected
with each other and with the Iine network 58. That is, each rectangle 62 is
an i sl and. Ihéneth&ﬁ,oﬁiﬁﬂtr&&ﬁﬁﬁg@&ebéntlQﬂﬁbﬂgigﬁtfgr@§gﬁ§kﬁkgaEﬁe gr ound
reference 74 of the circuit. In addition, the rectangles 62 and the |ines
58 aretebﬁsetyu6@@@@dfoﬂTEdeﬁﬂhgeﬁgﬁﬂgihBaHeE@c%geiﬁ|§§e§ﬁté¥ggﬁhéyk each
rectangle 62 and it nearest, adjacent line or lines 58, are fornmed in
paralIgbyeﬁ.ugiﬂﬁltvg_the di stance 70 between the near edges of the
rectangles and the line or lines 58 are preferably a constant val ue and,
nore preferably, equal to the m ninmum spaci ng value for the conductive

| ayer in the manufacturing process. The novel test structure of the first

f d ' el [ terial. F le, th
o onducti Ve | ayer 51 oy ong ok BPRSHAF TRy S sd Sraadm

copper n |.um num.and/ or. .copper. Ot her netals or conposite
nateriglgéggufg£%§%ﬁ§%d§) ﬁ%%ﬁghpgs Eﬁdglggnﬁﬁg??E% hafert T GHfGhd ve
patter ing either etching or poljshing. K For exanple, a netal film may
be dep%glgt gén%\g% Y ?ieeweétst ARG YrEler By, © 2 _%i Py Paydrenisgdh as

phot or esi th,is t hen, pattered by a photolithographic sequence wherein the
photor@gFé? T R P Eosed to actinic light through a reticle, and
devel oped. An etching process is then used to etch through the netal film
wher e exposed by the patterned masking | ayer. The masking |layer is then
renoved to reveal the test structure. This would constitute a netal |ayer
defined by %t%?ﬁ?ﬁﬁr object of the present inventicn is to provide a

method to detect bridging defects using PVC and a novel test

structure.



Alternatively, the netal |ayer may be defined by polishing as in a
damascene process. For exanple, a dielectric |layer may be deposited
overlying the substrate. This dielectric layer is then patterned using the
above-descri bed photolithographic process to define a nmasking |ayer. An
etching process then creates trenches in the dielectric |ayer where the
dielectric layer is exposed by the patterned nasking |ayer. The maski ng

| ayer is then renoved. A netal filmis then deposited overlying the

dielectric ha Ll e tdrenches. Finall the petal filmis
pol i shed do&nyjt%rg ?Egtf&%élgﬁgﬁ%ﬁ; (Tfaytg}% UrtSace %Bgﬁh{:ﬁ‘&? thet ARt ViSH v

remai-ng i he 4t S.,..Jhe tal lines . 13 are thereby defined. The
above4§éggﬁﬁﬁg %?gﬁpﬁgt%%$H%%E%ﬁﬁnbd¥¥%ﬂﬁﬁgpﬁ8pﬁ88'are wel | known in the
art. Afurther preferred material for the conductive layer 54 is

pol ysi-licon. Polysilicon is frequently used in the art to define MOS gates,
resistors, ingugﬁﬁercqgnecthgg |.i nes. Polysilicon and, nore preferably,
doped pol ysi'licon £§ FLorUltt dh'e PresenthdpsepEeopossi b eotaviaivalayze a
polysilic%on Qatéern using the PVC nethod. The test structure is preferably
desi gn&d St 6T ERE FaskP hdieastirding 8t tike lc dhnantives | iyer dwhdueari vexanpl e,
" the test structure_may be designed into the polysilicon nmask.

Al t er naf¥ el Y51 ReF¥est structure may be designed into any of the netal
masks in the process. Referring nowto Fig. 4, an exenplary test result
usi ng the novel testing structure is shown. In t conductive |ayer 54 is
patterned using described above. Follow ng the etching into a SEM system
Further, the wafefurtieegrayrditngf74henptbeehesinséhticdiire HOWIdnget he
substrate will result in network 58 of the test structure. This this

exanpl &, mehkod hieo etedsure netihddadt epmehbeonaf ex éscéﬂggggigéSﬁyyg nded. Note
that is configured such that grounding the line is an inportant feature 14
of theupiegeatnoveentdsan.strtadttir@Qt necessary to probe the integrated
circuit device during the test. The test structure is then exposed to a

| ow-energy, primary electron beam Emtted secondary el ectrons are captured
and converted into an image by the SEM The PVC effect, as described above,
causes the mgr dad-dHdie rk«5 0, 1. o on .the imge. |If the
et chi ng procé%gﬂhas conpfgﬁgggsggcggéf8*%§?$EH%Hg%ﬁiﬁ”&ﬁ@ ﬁPn@rgngBrk 58
wll bg téde le i r .n_dark. However, a bridging defect
may have been %%H%Eﬁ?%a%gfhgegggﬁg%érpﬁggégg%HQTﬁfﬁﬁﬁc i igTGEPLERST or s

where § ' 4l I .hascnot _been conpletely etched through to
separ at %f?%gé\%lﬁtteﬂa\rlfgt \Asgiéek\ffggﬁ%p%mfarr%%? lﬁ%ﬁjevrgéevﬂﬁ%s PeréERpret @Ygt chi ng

Wi ToEmaPrd g ngdeiest (Dah.shorfs INg,l{ne 58 to the
In accordance with the objects of this invention, a test
| structure to locate bridging defects in a conductive layer of an
integrated circuit device is achieved. The test structure
comprises a line comprising a conductive layer overlying a
substrate. The line is coupled to ground. A plurality of
rectangles comprises the conductive layer. The rectangles are

not coennected to the line or to other rectangles. Near edges of



rectangle 78. Here, the advantage of the novel structure is seen. Because
each rectangle 62 is isolated fromthe other rectangles 62 in the array,
the bridging defect only shorts between the |ocal rectangle 78 and the line
58. Therefore, only a single rectangle 78 glows. The other rectangles 62
remain dark. It is therefore very easy to precisely |locate the bridging
defect. This makes further analysis of the test structure, .including
cross-sectioning, much easier. It is possible for a bridging defect to
short myeL Aha r angl g1 f fect is. large, Again, however,
only the rect a%éll%ggst ﬁg{i g?eﬁé olr}flgeg Wi at1):eal‘LI§ietl.' ?Fei 5 EFW‘??%%S%F’%O
Iocate:gﬂg%tggggct. The technique allows any bridging defect to be quickly
detected and I'ocated without an electrical evaluation. In this way, the
test is non-invasive. Any tine the integrated circuit is probed, there is a
chance of danmage or contami nation. Further, the requirenment to electrically
test for a defect, first, and then to attenpt to scan for the cause nmeans
that the prioroarf EESPTARRFRI FeyditteSrdirghist Péahbiadinyenhiont iare and
noney. F% tger, ﬁhe Erior_ar; process is not well-suited as an inline test
due t o™ E°GefPci8RRFRsPT B Eshiatiasd® ivhe pradeativaviaysoropravi des a
test structure and nmethod that can be used in the line with the production
procesSITRAE2PGE EoEFLERAYE qRuiickIachiemkdr nBle methodtcanmhisws to provi de
direction for the process engineer and to provide significant root cause
anal ysPEOVREEBAr RngORNE E DV Fi pVeS, cregdyong pr efiestedtenbmed nent of the
present invention shows the novel test nmethod to | ocate bridging defects as
a procEesdpreiweFlager bs quaitheotriace tloayern $1ihesnmedd overfyima thesubstrate
in step 100. Second, this conductive layer is patterned in step 110. This
pat t er sitmgctaye beThy etshingrartune dampscene ROl ishi (E‘(ﬂﬂpﬂgjirn? 4 he
patterning step |10, the conductive lines of the circuit are Torned as well

16  asotbechbvel ldest Stdriotine tof hBsPresent ThAVENd ofy Jhididy the test
structure is exposed to an electron beamin step 120. This step is

pr ef er abbynper A 0pIiech 112 dy B HangEMssshem sIhecLXPOSIE IO pref er abl y
i nvol ves scanning the electron beamon the test structure. Finally, emtted

secondagyeel echs ORScase; KaAPMLE AN SaBKeELed o, 2 video | mage to'locate
line defects in step f%%. Referring ﬁom?%gé ig%.g%éa%%ﬁ3fniﬁ%9fF%§F

preferred:gAbod: M- 4 & i e_proces ere the conductive
layer is de??ned byé%oliéﬁiné&dﬁggdggg??gggggb%g%,Ofﬁ%“%@ﬁﬂﬁ%?ﬁ@e | ayer 54

may be.. i i shi rocess. This is particularl
usgfulpgﬁggggghgm%%ﬁgué¥lvgﬂﬁhggﬁcgg ggn%r?%%§t%%$ﬁﬁpiﬁhe%Wﬁ t he dif?iculty

in etchi r e that t same _test structure can be used for either -
the et ch?%agﬁ%?gt h%reglg#’losaﬁlr?&'pgggegg?’tl REFRetesR et predmsfcdc e @Bchani cal

ol i shj C\VP)., a
pol Epgcéron)beam. Secondary electron emissions from the test

structure are monitored to locate line defects by passive

voltage contrast .

Also in accordance with the objects of this invention, a
method to measure critical dimensions in a conductive layer of
an integrated circuit device is achieved. The method comprises
providing a conductive layer overlying a subsfrate. The

conductive layer is patterned to form lines and to form a test
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pol i shing head and a slurry material are used to renove the conductive

| ayer 54. A common problemin the CMP process is residue | eftover. Residue
is a formof under polishing, or nonuniformpolishing, wherein a section 82
of the metal layer 54 remains after the polishing step is conpleted.
Referring now to 17 Fig. 7, the residue 82 is easily detected and | ocated
usi ng the sanme PVC techni que discussed above in Fig. 5. Referring nowto
Figs. 8 and 9, a third preferred enbodi nrent of the present invention is

i1 ustragedturd.t bhe eabedipEOL sy A test structure is disclosed for
measuring critical di mensions of a 3%% é?ﬁ% go% Gct FOBPTAYERY &riti cal

di mensicnsiucedy -ang,def Li surenents . that are taken on structures
that are fornedeby ghoto %?lgﬁ% steps - For tExanpPel 1Pfiel i sR¥PA to
pol ysi l4eRRd.1 Res; itored as critical dinension. Typically, CD
neasuré%ent i's p%r?%gﬁgggu%%né%%ﬁ? ST ATREASGPehBRt COYREMVSUCh as a KLA
machi ng.5 we*gg,rgggago el test structure and nethod of the present

e

i nventi OR provides a qufcker® s tEn&IVvEtednbRi £Be threperi tyotdrer
conducgg%%ahgﬁgrs. I n_any technol ogy or process devel opnment, it is
i mport ant. £0°know YR&" el HTh Yr Theminestegad e6nanfeontlh¢ ebineChire t hat can
be prod%ceg Ihe smal l er the CD, the faster the chip. However, the previous
art of "eheckFhg The B bredistdde mhrged bequpnesonsbaich Yanger. [mmecess of
testin% at thi end of the process cycle. which can take as |ong as one
mont h. ZPATEPBIBPo3EY Eiedicing e He 1Rst sheubeneéi ts oéxmheakityg drhe CD
margin in-line and can effectively reduce technol ogy devel opnent tinme
subst aRtFEFF9? Reder rEmig et tsemeinalelry toeEtgon8, atdecaomiete OB @St he
structure conprises a single, conductive |layer 154. As a first inportant
feat ur 85h PHAeCUSS: it paidadiened shortthiia enadusst ver hawelral3d, The |ine 158
preferably further conprises a network such as the two-di mensi onal
br anchPags pae t erht afrwmntrastthi Thbr arehi 8g1 pPathek £ I58s %ie%%r:jlﬁgeﬁlf l'ines
are commonly coupl ed such that the entire pattern 158 is coupled to ground
174. Thbstige osmal botplaggel (4 thay:be tpeped in the conductive |ayer |54
only or may conprise contact or via structures along with additional |evels
of interconnect nmaterial. In a sinplest enbodinment, a single line could be
coupled to ground 174 to formthe line 158 portion of the structure. As a
second inportant feature, a plurality of rectangles 162 are patterned in
the conductive | ayer 154. These rectangles 162 are designed to be
non-connected with ea h i ' rk 158. That is, each
~rectangle 162 is an igﬁg%g.%$ﬁg§gFg$%§ %%g%&ég@¥ﬁﬁ%¥%;is floating with
respect to the ground reference 174 of the circuit. In addition, the
“rectangles 162 and the lines 158 are closely spaced. The near edges, that
is the clo t,..ed f each rectangle 162 and it nearest, adjacent 19
line or |iﬁl§§ tf%s,%%gr"g‘pfaél?ﬁrﬁa gﬁa%h’g%?l%?mlﬂém Fimddiery 21t rarti efance 170
bet we 1§qkp%%& %d%es %L the rectangles 162 and the line or lines 158 are
prefera ﬁy hot  aPcondt anf'eval ud. SHAS: i s a key difference between the first
and third enbodi nents. Mre preferably, the distance 170 varies across a
range of values that include the m nimum spacing value for the conductive
| ayer 154 in the_manufacturing process.

Figs. 1 and 2 illustrate a conventional test structure for

detecting bridging defects in a patterned, conductive layer in

an integrated circuit device.



The novel test structure of the third preferred enbodi ment may conprise any
conductive material. For exanple, the conductive |ayer 154 may conprise a
nmetal |ayer such as al um num copper, or an alloy of alum num and/ or

copper. Other netals or conposite materials could be used. Further, such a
conductive layer |54 could be patterned using either etching or polishing
as di scussed above. A further preferred material for the conductive | ayer
154 is polysilicon. Polysilicon is frequently used in the art to define MOS

gates, resistges, 3aadai 0t 1 cEMNEHLd N ﬂllﬂeespre%ﬁbal ERNoANFen #1082
preferably, doped polysilicon is a conductor. is therefore possible to

anal yzara pokyshki apepalser Mmaising 4 nevP\iCtggtchge ulbg Lesy structure is

preferably designed into the nasking reticle tor the“conducti ve | ayer 154.
For exqgggeanbhgrggé ﬁt&gféggg may be designed into the polysiliccn nmask.
Al ternatively,” th structure may be designed into any of the netal
masks in the 20 process. After the conductive |ayer 154 is defined by
etching or by polishing, the test structure is conpleted. At this point, it

is likely t he, nost cl ose ced recta Ies 162 will be
shorted to ?ﬁé Irnel%e ¢ PR 5B, Seﬁe%“él%’rﬁgaﬁﬁ/dt 81“?? ML M ¥hpl ary test
result using.the no eI testing structure is shown. In thrs exanpl e, the
conducti'vé %&yéPvfg 1PR PAYHIh& 15y tersé BEERPAgE et PR RIS eTd%EW above.
However, the met hod would work simlarly for a damascene process. Fol |l ow ng
the et d%thGStep, the wafer is |oaded into a SEM system Further, the waf er
is grounded. Note that the grounding | 74 on the test structure is
configured such that grounding the substrate will result in grounding the
line network 158 of the test structure. This is an inportant feature of the
present invéigPen® frdi% hbluslapdssarpet dipsobereferred egnatdihaitr cui t
device during the test. The test structure is then exposed to the primary
el ect r givrdédam thbeedspestdicatosesshehelrectthenchednrt svschaned the test
structure. Secondary emtted electrons are captured and converted into an

i mge bitihedSEM pdhiesMGy ef f ect, as descri bed above, causes the grounded
line network 154 to light or glow on the inage. If the etching process has
isolated all of the rectangles 162 fromthe |ine network 158, then only the
line network 158 will be lit. The rectangles 162 will remain dark. 21

However, it Figslikehydthatl Boy@E-fe thenghasesbreestanghssqail@midd be
shorted to the line 158. This wll cause these rectangles 182, only, to be

lit al eng Eﬂrbbehhelhiré‘l@tf@ﬁm{dﬁrﬁ a HRechemeLpi b L ect LA g%(@%éla%r\@”

remai n dar Thi s observation can ‘be used to defrne measur enent of
the CDcspRqtRd hohehBfoLONdNC ink doavey 134 uI'E?_v%ef Lgnged spacing 170 of
each rectangle in the array is known. er ore serving the
rectangl es 182 that are shorted and, nore partrcularly, the smal | est
spacing that is not shorted, process engineering can quickly determ ne how
close the p ess, i unni tot et CD. The techni |l ows the CD
to be quickﬁg/grreggured wr]faﬁgeu a]{;’uﬁ}l FﬁESéiE? o % mel} ‘% ide%ay, a
qui ck %roces % che k can be inplenmented in the production |ine.
Ref er r PRGHiBW £67 ?glorios Y FBUA AYEef &PPEamehBodi hRiteaTu%he present
i nvention sho t he novel test nethod to nmeasure critical dinensions of a
conductFvEI Fay e IR RYPR/C. First, a conductive layer is formed overlying
the substrate in step 200. Second, this conductive layer is patterned in
step 210. This patterning may be by etching or by damascene poli shing.
Duri ng

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention disclose

10



the patterning step 110, the conductive lines of the circuit are forned as
well as the novel test structure of the third preferred enbodi nent of the
present invention. Third, the test 22 structure is exposed to an el ectron
beamin step 220. This step 220 is preferably perfornmed in a type of SEM
system The exposure nost preferably involves scanning the el ectron beam on
the test structure. Fourth, emtted secondary el ectrons are captured and
converted to a video image to locate line defects in step 230. Finally, the
criticagl tdsrersi-QR+i;scdef £ l?l t ip_the test structure
that is not lit o?tgﬁ%r%%n?%t?éhteﬂé?oung oJ[%I%i ﬁ%?g%ﬁg advanTageE B S he

presenty .l i g 1] . An ef.fective.and ver

manuf aclt‘—il}i}rré\a{:gI%t:eE ?gsgﬁg‘tﬁgﬁ%&%{?e@%ng r#et%ﬁegr&cteoursé%gt Balsﬁf%?c%%ﬁ%%qe defects in
an int Ci it device | chi.eved. Bridging.defects may be | ocated,
usi ng ?%r%ﬁgt%gﬁct(ggg? i nﬁg%\ T eer (?Coensr{:eczs"tewl%?é?eugﬁﬁbgbweSTH%r% ©structure
is effecti or. .conductive,.levels patterned by etching or by chem cal
rrechaniel%aa\éggh g iﬁﬁ?g%\l%t%% T dét EEEDEF §Gi AGLaeE edtkedlst HpIMIC and t he
novel test str ctgre jEs achi eé/,ed. The testing nethod does not require

probi ng: CATPESt SHFUCHUT® TOrSiAHAR Sy dirt Pehhodi kenssefisl ifPm conducti ve
| ayer usi % PYC i s achieved. A nethod to neasure critical dinensions in a
_conductcio\91gi Fay8F LEVRYS t Ml ivRrbIby edichdmguerube pel hehieyed. Fulftdidrast
structure and nethod for neasuring critical dinmensions using PVC are

ef f ect Bv&eFér SEBRALEEE vard dwlihpdhamcedied lbyedt Enf ngs brg BBVE heni cal

mechani cal polishing. 23 As shown in the preferred enbodi nents, the novel
st r uct Oé§uaRdantt hbdsa bfditmn Prees D) i wfent condpebive el ayewef f egfdive and
manuf acturabl e alternative to the prior art. While the invention has been
par ti cihasl peshodnnandeelesord bed: w tieteéf eéngpaeededinde Wy efwiiied or

enbodi nents thereof, it will be understood by those skilled in the art that
vari oubycpangesing. f ot nsland dléteaid1samrBy oh€hBBE e b PO cAlepal tiHag sfkom t he
spirit and scope of the invention. 24 \What is clainmed is: 1. A test

struct whett chbopatsebt i Tgidig idef @S bleN agpt9BAUSHH VEx{ &Y EI4 Qfi @ Nt egrat ed
circuit device, said test structure conpri sing:

deviating from the scope of the present invention.

- Referring now to Figs. 3 and 4, a first preferred
embodiment of the present invention is illustrated. A novel test
structure for locating bridging defects is disclosed. Several

important features of the present invention are shown and

discussed below.

Referring particularly to Fig. 3, the novel test structure
comprises a single, conductive layer 54, As a first important
feature, a line 58 is patterned in this conductive layer 54.
The line 58 preferably further comprises a network such as the

two-dimensional branching pattern shown. In this branching

11



a line conprising a conductive |layer overlying a 5 substrate wherein said
line is coupled to ground: and a plurality of rectangles conprising said
conductive |ayer wherein said rectangles are not connected to said line or
to other said rectangles, wherein near edges of said rectangles and of said
line are parallel, and wherein 10 said rectangles are floating. 2. The test
structure according to Caiml| wherein said conductive |ayer conprises
nmetal. 3. The test structure according to Caim1l wherein said conductive

| ayer GorpEsesspohyskkionor 41 idde 485 lorld el IEeLBEsar dhay EﬁatgtgiemTﬁe

wherein said |line conprises a two-di mensional, "branching pattern.

test StaMGty ¢22¢e0hd5H0;5 §0-Ghad dn L Sl $al drgouPLing, 4 o ground .
f% 0. IFB G aim

- 1
conprises additional [|ayers. e test structure according

L whereif p2d) DeheBingdogs Ao shaeRd R 3 Lanskankvgl ye.pdy Jhe Lest

structure according to Jaim 1 rein saF& fear edgés’ar® $paddf et
: ear. . ve
non- conayant. valugs. B A FeLliod, 10 | sate byl dging defects [p a conducti
|l ayer of an integrated circuit device,’'s
interconnect material. In a simplest embodiment, a single line

could be coupled to ground to form the line 58 portion of the

structure.

As a second important feature, a plurality of rectangles 62
are patterned in the conductive layer 54. These rectangles 62
are designed to be non-connected with each other and with the
line network 58. That is, each rectangle 62 is an island.
Therefore, each rectangle is floating with respect to the ground
reference 74 of the circuit. In addition, the rectangles 62 and
the lines 58 are closely spaced. The near.edges, that is the
closest edges of each rectangle 62 and it nearest, adjacent line
or lines 58, are formed in parallel 66. Finally, the distance
70 between the near edges of the rectanglies and the line or
lines 58 are preferably a constant value and, more preferably,
:equal to the minimum spacing value for the conductive layer in

the manufacturing process.

The novel test structure of the first preferred embodiment

may comprise any conductive material. For example, the

12



conprising: providing a conductive |ayer overlying a substrate; 5
patterning said conductive layer to formlines and to forma test structure
wherein said test structure conprises: a line conprising said conductive

| ayer overlying said substrate wherein said line is coupled to ground; 10
and a plurality of rectangles conprising said 15 conductive |ayer wherein
said rectangles are not connected to said |ine or to other said rectangles,
wherein near edges of said rectangles and of said |ine are parallel,

wher ei eI tNear 189685521 fa v PAGHSE D 3, GRAshant gl ug.,and whersin, said
rectangles are floa?inge ex%%sing safﬁ test structure %o an el ectron beam

o0, 20 copf L uckng; g eceaan SheELLons,ELem Sal el ), 20, S vel U

BCCor dhangh i +CLALTL B, YOPE €L 0, 521 2L GondHCti ve. | ayer opmprises metal. 10, The
e g kT Bl L, L S YL SRR LSRR L
p0|y5i|fé§@} could be patterned using either etching or polishing. For

example, a metal film may be deposited over a dielectric

material; A masking layer, such as photoresist, is then

pattered by a photolithographic seguence wherein the photoresist

is coated, exposed to actinic light through a reticle, and

developed. An etching process is then used to etch through the

metal film where exposed by the patterned masking layer. The

masking layer is then removed to reveal the test structure.

This would constitute a metal layer defined by etching.

Alternatively, the metal layer may be defined by polishing
as in a damascene process. For example, a dielectric layer may
be deposited overlying the substrate. This dielectric layer is
then patterned using the above-described photolithographic
process to define a masking layer. An etching process then
Creates trenches in the dielectric layer where the dielectric
layer is exposed by the patterned masking layer. The masking
layer is then removed. A metal film is then deposited overlying
the dielectric layer and filling the trenches. Finally, the

“ﬁetal film is polished down to the dielectric layer surface such

that the metal only remains in the tfenches. The metal lines

13



11. The nmethod according to Claim8 wherein said [ine conprises a -
t wo- di nensi onal , branching pattern. 12. The nmethod according to Claim38
wherein said coupling to ground conprises additional |ayers. 13. The nethod
according to Claim8 wherein said patterning conprises etching through said
conductive layer. 14. The method according to Claim8 wherein said bridging
defects conprise inadequate etching of said conductive |ayer. 15. The
-~ met hod according to Caim8 wherein said 27 patternlng conprlses

bolL ! shizhe dow<83) BogondNCt | Me | AXBTo 1 SONLRLTLL G REECETL 1S nches. 16.
i P

I
e
The net hod according to Claim38 erein sai br| rise

i nade .S f i ductlve | er 17 A nethod to nmeasur e
crltlggﬁhgﬁﬁgh3|gﬁggog a§%oﬁdﬁctfvgﬂ}ayet%‘ §ﬁ integrated circuit device,

sai d nmethod conprising: providing a conductive |ayer overlying a substrate;
5 patterning said conductive layer to formlines and to forma test

t structure . .
structure MQFreIQh%%Igréggrre material for the conductive layer 54 is

polysilicon. Polysilicon is frequently used in the art to
define MOS gates, resistors, and interconnecting lines.
Polysilicon and, more preferably, doped polysilicon is a
conductor. It is therefore possible to analyze a polysilicon

pattern using the PVC method.

The test structure is preferably designed into the masking
reticle for the conductive layer 54. For example, the test
structure may be designed into the polysilicon mask.
Alternatively, the test structure may be designed into any of

the metal masks in the process.

Referring now to Fig. 4, an exemplary test result using the
novel testing structure is shown. In this example, the
conductive layer 54 is patterned using the etching method
described above. Following the etching step, the wafer is loaded
into a SEM system. Further, the wafer is grounded. Note that
the grounding 74 on the test structure is configured such that
grounding the substrate will result in grounding the line

network 58 of the test structure. This is an important feature
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conprises: a line conprising said conductive | ayer overlying said substrate
wherein said line is coupled to ground; 10 and a plurality of rectangles
conprising said conductive | ayer wherein said rectangl es are not connected
to said line or to other said rectangles, wherein near edges of said
rectangles and of said line 15 are parallel, wherein said near edges are
spaced by non-constant val ues, and wherein said rectangles are floating; 28
exposing said test structure to an el ectron beam capturing emtted

second l.e fe jd. te : tructure to. locate short in said
HY thle %E%ggﬁt 589&§@i sh:%%:%ot %ece SééFegﬁi%f%%ec$??ical

test structuré by passive voltage contrast; an

.di mensi. | 1.¢ id space, w.tho said,short. 18. The nethod

accordil%g%etg%a%ggi ﬁ?%uf e&%?ﬁc%aﬁludrlcn&g&@t i%\?gtl'ayéﬁlec%ﬁfﬁi SEIMEtE . 10.

The net.ho cording.tp Cajml7 wherein .said conductive |ayer conprises
oo gEiRda fo ol

pol ysi Iicon 207FTR YR £F BRI CHRBR PR R A kM § o

conprises a two-dinepsional, branching pattern. 21. The nmethod according to
Caim ﬁ%gﬁgﬁnegﬁFgrB%ﬁpﬁ%gc%t FEC GRpresEsdadabei dmalmags drs. 22.

The met hod according to Claim 17 wherein said patterning conprises etching
througﬁh§aﬁ5McoﬁBﬁch9eef§®%ﬁﬂ T3 defE edh 68 0¥Ec oFARAGS t Ll @iignrkiRdaher ei n

said 29
: line network 58 to light or glow on the image. If the etching

process has completed successfully, then only the line network

- 58 will be 1lit. The rectangles 62 will remain dark.

However, a bridging defect may have been formed in the
etching process. The bridging defect forms where the conductive
layer 54 has not been completely etched through to separate the
line network 58 from a rectangle 78. This incomplete etching
will form a bridging defect that shorts the line 58 to the
rectangle 78. Here, the advantage of the novel structure is
seen. Because each rectangle 62 is isclated from the other
rectangles 62 in the array, the bridging defect only shorts
between the local rectangle 78 and the line 58. Therefore, only
é single rectangle 78 glows. The other rectangles 62 remain
dark. It is therefore very easy to precisely locate the bridging
defect. This makes further analysis of the test structure,
including cross—sectioning, much easier. It is possible for a

bridging defect to short more than one rectangle if the defect

15



critical dinmensions conprise spaces between lines of said conductive |ayer
due to etching. 24. The method according to Claim1l7 wherein said
patterning conprises polishing down said conductive |ayer to conformto
predefined trenches. 25. The net hod gccordln?_to CI?|n1;g MhﬁaeLPiiglﬂayer
critical dinmensions conprise spaces between |ines of said condu

due to polishing domn.ngo . A6b. Al 6. A 6b. Al ; 6. Af6. A, ; 6b. ASE. A(E. AGE. Af 6b. Al ;
Sh. Al Sh. A, Sh. A; SE. Al pE. Al (E. Af Sb. Af; Sb. ASE. Al SE. Af 6. Af; Y . A, SE. ATY b. Af;

b. Af 6 Ag e r
?xsﬁldqffgg?ia]ca] é?ca]c§$%%Tca] Cal Al CAERPES P K Ry 5T & %h] ca] ca]
Ca]Ca]Qﬁhﬁ@k&@hﬁ%]C%LcﬁLCg%qu(§g§¥Eto lgéate the defect.

The technique allows any bridging defect to be quickly
detected and located without an electrical evaluation. In this
way, the test is non-invasive. Any time the integrated circuit
is probed, there is a chance of damage or contamination.
Further, the requirement to electrically test for a defect,
first, and then to attempt to scan for the cause means that the
prior art test method requires significant additional time and
money. Further, the priér art process is not well-suited as an
inline test due to its deficiencies. By comparison, the present
invention provides a test structure and method that can be used
in the line with the production process. The PVC test can be
quickly performed, without probing, to provide direction for the

process engineer and to provide significant root cause analysis.

Referring now to Fig. 5, a second preferred embodiment of
the present invention shows the novel test method to locate
bridging defects as a process flow. First, a conductive layer is
formed overlying thé substrate in step 100. Second, this
conductive layer is patterned in step 110. This patterning may
be by etching or by_damascene polishing. During the patterning

step 110, the conductive lines of the circuit are formed as well
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c N> embodiment is applied to a damascene process where the
Z}}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] c
a] ca] calcahcaliva] tayen] ta) oaf nadd ass) ipeLfi'shOUH & A - adM AP {09 r & () -
S10%r& ()-10%r& ()-#Y 10%r& ()-6
10% r &the- RoKBud 0% e &1 4Ye 6 1DVEAy) Heb'dbFIK0) pF05T 40%8 JOSK OWOUWHE () - ) #10%6
r& ()-':10%r& ()- RGX iK Kf,)!"0%& ()-f' '10%& () -f%10% ()-"
10%&f(xmﬁbg%@L(ThigfﬂQg@%ﬁﬁiédﬂé¥¥?&ugkful6%95ié %He19§§é&g@%%§'ﬂé§er
109%&' ()-15m 109&' ()-3109& ()-f\/!109& ()-fV—"lgVa&)()-XETQ :Kéx {: 10} - ubC
101 5P" BQ%&: Y& b W& () el Q& £6 L1, 10 £ ) o f B 10V ()5 F- ;
10157 Sk SI03C o R (o I LugHE ) S LA B 101 i
10! f "%%%@f@hé£6ﬁﬂgg§éﬁé'éest structure can be used for either the

-etching or the polishing process.

In the case of chemical mechanical polishing (CMP)}, a
polishing head and a slurry material are used to remove the
conductive layer 54. A common problem in the CMP process is
residue leftover. Residue is a form of under polishing, or non-
uniform polishing, wherein a section 82 of the metal layer 54

remains after the polishing step is completed. Referring now to
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Fig. 7, the residue 82 is easily detected and located using the

same PVC technique discussed above in Fig. 5.

Referring now to Figs. 8 and 9, a third preferred
embodiment of the present invention is illustrated. In this
embodiment, a novel test structure is disclosed for measuring

critical dimensions of a patterned conductive layer.

Critical dimensions (CD} are defined as measurements that
are taken on structures that are formed by photo or etch steps.
For example, the width of polysilicon lines are monitored as a
critical dimension. Typically, CD measurement is performed using
an optical measurement system, such as a KLA machine. However,
the novel test structure and method of the present invention
provides a guicker alternative to monitor CD spacings on

conductive layers.

In any technology or process development, it is important
to know the margin or limitations on the smallest CD’s that can
be produced. The smaller the CD, the faster the chip. However,
the previocus art of checking the CD or process margin requires a
much longer process of testing at the end of the process cycle.

which can take as long as one month. This proposed structure hs
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the benefit of checking the CD margin in-line and can

effectively reduce technology develcopment time substantially.

Referring particularly to Fig. 8, the novel CD test
structure comprises a single, conductive layer 154. As a first
important feature, a line 158 is patterned in this conductive
layer 154. The line 158 preferably further comprises a network
such as the two-dimensional branching pattern shown. In this
branching pattern 158, a series of lines are commonly coupled
such that the entire pattern 158 is coupled to ground 174. This
ground coupling 174 may be formed in the conductive layer 154
only or may comprise contact or via structures along with
additional levels of interconnect material. In a simplest
embodiment, a single line could be coupled to ground 174 to form

the line 158 pocrtion of the structure.

As a second important feature, a plurality of rectangles
162 are patterned in the conductive layer 154. These rectangles
162 are designed to be non-connected with each other and with
the line network 158. That is, each rectangle 162 is an island.
Therefore, each rectangle is floating with respect to the ground
reference 174 of the circuit. In addition, the rectangles 162
and the lines 158 are closely spaced. The near edges, that is

the closest edges of each rectangle 162 and it nearest, adjacent
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line or lines 158, are formed in parallel 166. Finally, the
distance 170 between the near edges of the rectangles 162 and
the line or lines 158 are preferably not a constant value. This
is a key difference between the first and third embodiments.
More preferably, the distance 170 varies across a range of
values that include the minimum spacing value for the conductive

layer 154 in the manufacturing process.

The novel test structure of the third preferred embodiment
may comprise any conductive material. For example, the
conductive layer 154 may comprise a metal layer such as
aluminum, copper, or an alloy of aluminum and/or copper. Other
metals or composite materials could be used. Further, such a
conductive layer 154 could be patterned using either etching or
polishing as discussed above. A further preferred material for
the conductive layer 154 is polysilicon. Polysilicon is
frequently used in the art to define MOS gates, resistors, and
interconnecting lines. Polysilicon and, more preferably, doped
polysilicon is a conductor. It is therefore possible to analyze
a polysilicon pattern using the PVC method. The test structure
is preferably designed into the masking reticle for the
conductive layer 154. For example, the test structure may be
designed into the polysilicon mask. Alternatively, the test

structure may be designed into any of the metal masks in the
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process. After the conductive layer 154 is defined by etching or
by polishing, the test structure is completed. At this point, it

is likely that some of the most closely spaced rectangles 162

will be shorted to the line network 158.

Referring now to Fig. 9, an exemplary test result using the

novel testing structure is shown. In this example, the

- conductive layer 154 is patterned using the etching method
described above. However, the method would work similarly for a
damascene process. Following the etching step, the wafer is
loaded into a SEM system. Further, the wafer is grounded. Note
that the grounding 174 on the test structure is configured such
that grounding the substrate will result in grounding the line
network 158 of the test structure. This is an important feature
of the present invention. It is not necessary to probe the
'integrated circuit device during the test. The test structure
is then exposed to the primary electron beam. More specifically,
the electron beam is scanned the test structure. Secondary
emitted electrons are captured and converted into an image by
the SEM. The PVC effect, as described ébove, causes the grounded
line network 154 to light or glow on the image. If the etching
process has isolated all of the rectangles 162 frém the line
network 158, then only the line network 158 will be 1lit. The

rectangles 162 will remain dark.
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However, it is likely that some of the closest rectangles
182 will be shorted to the line 158. This will cause these
rectangles 182, only, to be lit along with the line network 158.
The remaining rectangles 162 will remain dark. This observation
can be used tc define a quick measurement of the CD spacing for
the conductive layer 154. The designed spacing 170 of each
rectangle in the array is known. Therefore, by observing the
rectangles 182 that are shorted and, more particularly, the
smallest spacing that is not shorted, process engineering can
~quickly determine how close the process is running to the target
CD. The technique allows the CD to be guickly measured without
a visual inspection tool. In this way, a quick process margin

check can be implemented in the production line.

Referring now to Fig. 10, a fourth preferred embodiment of
.the present invention shows the novel test method tfto measure
critical dimensions of a conductive layer using PVC. First, a
conductive layer is formed overlying the substrate in step 200.
Second, this conductive layer is patterned in step 210. This
patterning may be by etching or by damascene polishing. During
the patterning step 110, the conductive lines of the circuit are
formed as well as the novel test structure of the third

preferred embodiment of the present invention. Third, the test
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structure is exposed to an electron beam in step 220. This step
220 is preferably performed in a type of SEM system. The
exposure most preferably involves scanning the electron beam on
the test structure. Fourth, emitted secondary electrons are
captured and converted to a video image to locate line defects
in step 230. Finally, the critical dimension is defined as the
smallest space in the test structure that is not lit or shorted

to the grounded line.

The advantages of the present invention may now be
summarized. An effective and very manufacturable test structure
and method to locate interconnect defects in an integrated
circuit device is achieved. Bridging defects may be located,
using the structure, in an interconnect layer using PVC. The
test structure is effective for conductive levels patterned by
etching.or by chemical mechanical polishing. A method to detect
bridging defects using PVC and the novel test structure is
achieved. The testing method does not reguire probing. A test
structure for measuring critical dimensions in a conductive
layer using PVC is achieved. A method to measure critical
dimensiéns in a conductive layer using the novel test structure
is achieved. The test structure and method for measuring
critical dimensions using PVC are effective for conductive

levels patterned by etching or by chemical mechanical polishing.
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As shown in the preferred embodiments, the novel structures
and methods of the present invention provide an effective and

manufacturable alternative to the prior art.

While the invention has been particularly shown and
described with reference to the preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and details may be made without departing from

the spirit and scopé of the invention.
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1. A test structure to locate bridging defects in a
conductive layer of an integrated circuit device, said test
structure comprising:
a line comprising a conductive layer overlying a
S substrate wherein said line is coupled to ground; and
a plurality of rectangles comprising said conductive
layer wherein said rectangles are not connected to said
line or to other said rectangles, wherein near edges of

said rectangles and of said line are parallel, and wherein

10 said rectangles are floating.

2. The test structure according to Claim 1 wherein said

conductive layer comprises metal.

3. The test structure according to Claim 1 wherein said

conductive layer comprises polysilicon.

4. The test structure according to Claim 1 wherein said

line comprises a two-dimensional, branching pattern.

5. The test structure according to Claim 1 wherein said

coupling to ground comprises additional layers.
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6. The test structure according to Claim 1 wherein said

near edges are spaced by a constant value.

7. The test structure according to Claim 1 wherein said

near edges are spaced by non-constant values.

8. A method to locate bridging defectis in a conductive
layer of an integrated circuit device, said method
comprising:

- providing a conductive laye: overlying a substrate;

5 patterning said conductive layer to form lines and to
form a test structure wherein said test structure
comprises:

a line comprising said conductive layer overlying
said substrate wherein said line is coupled to ground;

10 and

a plurality of rectangles comprising said
conductive layer wherein said rectangles are not
connected to said line or to other said rectangles,
wherein near edges of said rectangles and of said line

15 are parallel, wherein said near edges are spaced by a
constant value, and wherein said rectangles are
floating:;

exXposing said test structure to an electron beam; and
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capturing emitted secondary electrons from said test

20 structure to locate said briding defects by passive voltage

contrast.

9. The method according to Claim 8 wherein said conductive

layer comprises metal,

10. The method according te Claim 8 wherein said conductive

layer comprises polysilicon.

11. The method according to Claim 8 wherein said line

comprises a two-dimensional, branching pattern.

12, The method according to Claim 8 wherein said coupling

to ground comprises additional layers.

13. The method according to Claim 8 wherein said patterning

comprises etching through said conductive layer.

14. The method according to Claim 8 wherein said bridging
defects comprise inadequate etching of said conductive

layer.

15. The method according to Claim 8 wherein said
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to conform to predefined trenches.

16. The method according to Claim 8 wherein said bridging
defects comprise inadequate polishing of said conductive

layer.

17. A method to measure critical dimensions in a
conductive layer of an integrated circuit device, said
method comprising:

providing a conductive layer overlying a substrate;

5 patterning said conductive layer to form lines and to
form a test structure wherein said test structure
comprises:

a line comprising said conductive layer overlying
sald substrate wherein said line is coupled to ground;

10 and

a plurality of rectangles comprising said
conductive layer wherein said rectangles are not
connected to said line or to other said rectangles,
wherein near edges of said rectangles and of said line

15 are parallel, wherein said near edges are spaced by

non-censtant values, and wherein said rectangles are

floating;
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determining critical dimension as smallest said space

without said short.

18. The method according to Claim 17 wherein said

conductive layer comprises metal.

19. The methed according to Claim 17 wherein said

conductive layer comprises polysilicon.

20. The method according to Claim 17 wherein said line

comprises a two-dimensional, branching pattern.

21. The method according to Claim 17 wherein said

coupling to ground comprises additional layers.

22. The method according to Claim 17 wherein said

patterning comprises etching through said conductive layer.

23, The method according to Claim 17 wherein said
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critical dimensions comprise spaces between lines of said

conductive layer due to etching.

24, The method according to Claim 17 wherein said
patterning comprises polishing down said conductive layer

to conform to predefined trenches.
25. The method according to Claim 17 wherein said

critical dimensions comprise spaces between lines of said

conductive layer due to polishing down.
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