/ V 0 8 JUL 2005 PADLESS STRUCTURE DESI GN FOR EASY | DENTI FI CATI ON OF
BRI DA NG PEFECTS 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 %i I‘@gléﬁ
device, and, nore particularly, to a test structure and net hod t8 IA

bridging defects and to nonitor critical dinensions using passive voltage
contrast w thout probing. (2) Description of the Prior /Art Integrated

circuit deBAORESENETROLTURE IRHHANE FORN@AskOT FRL etigl filns on the
surface of a wafer substrate. These materi apgﬁ??ﬁ%e‘g?g&%e%g%%@% t hen

patterned. Typi cal pepattering 19 Neac kY hot ol i t hographi ¢ step
(photo) and an etching step (etch) agﬂS§I§gP%8ﬁ%§%ﬁ rA e re . For
exanple, in the formation of ..the nmetal interconnect |evel, a netal

material such as alumnumis deposited over the substrate. A photo step is

' i th tal. A
then used to forma patter§ﬁ§§8585§%gﬁ%éﬁﬁfﬁﬁﬁﬁm@%%%'y'ng e neta n

etch.step is then perforne ere

(1) Field of thé Invention

The invention relates to a test structure and method to
locate bridging defects in an integrated circuit device, and,
more particularly, to a test structure and method to locate
bridging defects and to monitor critiecal dimeﬁsions 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 patterned. Typical
patterning techniques employ a photeolithographic step {photo)
and an etching step (etch) as is well known in the art. For

_gxamble, 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 1s then performed where the
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netal is exposed to an etching atnosphere. The netal |ayer is etched

t hrough where exposed by the masking layer but not etched where protected
by t,he masking layer. In this way, the netal is patterned to formthe
intended interconnect design for the netal [|evel of the device. Follﬁmkﬁg
the etching step, it is typical in the art to performan inspectﬂ@h? by
recently, this inspection, called an after etch (AE) inspection, would be
performed using an automated visual inspection system This inspection

System meulnl olhpdkln RBaLYZELIC AT RIGANd CoRaLg e paLLe Lo

the design data. A recent innovation is
M Cr 0SCPe-HeEMh R Bl QY L E inspection information. A SEM
wor ks by  scanni ng agaaregggfégﬁggégpg¢ %h A aﬁqgngﬁagﬁt,uBrn%Fi?ﬁﬁ%ﬁd
el ect r on;hgam, Al LVEr Lp.t EM then captures secondary emtted
el ectrons fromt hg%\c/%/% erB.E/ if‘ﬁ% ln%%tp N3 e it t 2[61 é'?‘éét FBHs &Re Beedl arfal yzed
wth re t scanpj ng. beamtop generate a visual inmage of the wafer
surface.i g eﬁglr 4 E:E(l(}l gPrfnnfgiel?eé?t?%%e‘f CHrEOBReStndeALEBNtPE Bhe gresrinenon
of SEM i i g0 i egtated circuits called passive voltage contrast

i thHE&- SEM | ow energy, 2

(PVO) . _ &&nw%%%é
Following the etching step,.it is typical in the art to
perform an inspection. Until recently, this inspection, called
an after etch (AE) inspection, would be performed using an
automated visual inspection system. This inspection system
would optically analyze the AE wafer and compare the pattérn to

the design data.

A recent innovation is the use of the scanning electron
| microscope (SEM) to provide additional AE inspection
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 imagihg of integrated circuits called passive

voltage contrast (PVC). PVC occurs when the SEM low-energy,
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0 6 JUL 2Mb primary el ectron beam strikes a conductive layer, such as
metal or polysilicon. It has been found that conductive lines that are
coupled to ground will enit a large amobunt of secondary el ectrons.

- Conversely, conductive lines that are floating will exhibit nuch '°?§g2u5
-electron em ssion. Therefore, ground interconnect lines wll appg

bright lines on the SEMimage screen while floating will appear as dark
lines. Referring nowto Fig. 1, a conventional, interconnect |ayer, test

StrUCtU@&lm&rQh@WBctIBhsbé§§ts@ﬁik@glﬁw%dﬁﬁdﬁﬁ%ée ggge etgﬁéﬁn ?brld ng
defects. The test structure conprises a patterne onductive T ayer 14

over | yi ng: $d16@199c0h. 1 e nsubsloAledy e Layer 44.Ls patterned fo-form

aconb structure. The comb structure conprises a II’S

e e o vt 1100 1, D i on e vt 2 o

i nterconnected pol ygons or|g| I hg a

f h f b i ng second _networks 18 and 22
such ht %&?%ﬂﬁ ! LB e ‘F‘frhde%‘ﬂ&r"eﬁ ﬁﬁ&fafﬂgat?@Fﬁ?fﬁ%iﬁ]%L%e I

for. L ocess ter etching,. e test structu
ngglt P ?cea rb t m&?éd ?eﬁr%‘?%fgf%ﬁﬁ“ﬁm% 2&hgrgfpAey BIDBURA hi gh

reSIStanC%erconnect lines will appear as bright lines on the SEM image

screen while floating will appear as dark lines.

Referring now to Fig. 1, a conventional, interconnect
layer, test structure is shown. This test structure is used for
detecting bridging defects. The test structure.comprises a
patterned 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 interconnected polygons originating at the PAD B
26. The comb structure is further defined by interleaving 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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val ue between PAD A 24 and PAD B 26 indicates that the etching 3 0 8 JUL
285 process for the conductive |ayer 14 has been conplete such that the
first network 18 and the second network 22 are independent. A |ow o
resi stance val ue between PAD A 24 and PAD B 26 indicates that a short
circuit exists between the networks 18 and 22. A typical cause 186 JYl 2008
short circuit is inconplete etching of the conductive |ayer 14 that
results in a bridging defect between the networks. Referring now to Fig 2,

a SEM mayrdxeesisembd @ hanabyatcthge 1 sif R US| he PYC. gffect. In
this case, the after etch wafere gfd%dedq%%%g%%% g&ﬁﬁ %gtgﬁFEF ?

'exarrpletﬂf@\[zE’rsa;G dtSiclicobad t upl.ed to.ground. PAD A 24
is left floati ngI1 'thmlév?:gt gétg Pgélrsu%lé%r?&scaﬁqrﬁr%geg P& éﬂ8?8§ aEpt mar y

el ectrorg bggm e cond rk 22. The first
net wor k 18 sh&ﬁ?ﬁgﬁgﬁgﬁn§§ E %%g?%?%o'@gqﬁgln&“@%?@%M% éRi dpdicapigver
the sec 2 . w to the defect. In this wa t he PVC
t est caﬂﬂggpgéggk&t %é?%%%tg?Xlsg%e?%EWﬁﬂld%Fb@@tWQ§kécé§rPEQ X#heAprior'

art testg éé a serhous limtation, however. As discussed above,
t he conb truc ure IS £&r G b@ short circuit is 1ncomplete etching of

the conductivé layer 14 that results in a bridging defect

between the networks.

Referring now to Fig. 2, a SEM may be used to analyze the
test structure using the PVC effect. In this case, the after
etch wafer is loaded into the SEM system. For example, PAD B 26
is probed so that it can be coupled to ground. PAD A 24 is left
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 dafk 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 detect if a

bridging defect has occurred.

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

4



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 | ocation of the defect 30, which can be 4 0 6 JUL 2005 very smal I, due
to so nuch light emssion fromthe rest of the structure. It is deswﬁﬂﬁ@
to be able to precisely locate the bridging defect 30 for furthep_efd

anal ysis of the defect. For exanple, the defect can be cross-sectioned and
- analyzed wusing the SEM However, this cross-sectioning nust be perforned

at the exeef dmpcat,i Gueofot BE ﬂﬁ&ﬁciigﬁﬁléﬁkﬂéﬂdﬂ%ff&%?th%?%%%?”ofoﬁ?%ge '

defect can tell the process engineer inportant information about

oL et O3 L LSRG LRI PR A Sl

with an inproved capability bot h detecting "and1°0¢

11514 & t esent inventi.on. .Several prior art
idﬁlc/g(r:éi Ic?ﬁél(?%da[ e tftc?%gagfsoio\%?vgﬁg%gg%r p%%lf\]tel%raestanf o Srét ﬁgd?g?ogﬁgg%t

oL o0eos) R ks A, LB S elLOUL Sece, LS, Palonl g 29 22

Bl to Sur, Jr. “et al 0Sés a _
msalig contrast (PVC) on a scanning el ectron

micr oscg%%%%é&éi%%'ggﬁg%gﬁ%? :J%ISP?e ST SR D ondng, mpgtehe per formed
- at the exact location of the defect.; In addition, the location
of the defect can tell the process engineer important
information about the operation of the photo or etching
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 B1 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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6, 201,240 Bi to Dotan et al describes a nethod and an apparatus to enhance
SEM i magi ng usi ng narrow energy banding. U S. Patent 6,001,663 to Ling et
al teaches a nethod and structure to detect defect sizes in polysilicon--
and source-drain devices. A double bridge, test structure is inplenented
using resistor paths conprising various structures. Defect size 88,46k 205
determned by 5 0 6 JUL 2005 neasuring resistivity. U S. Patent 4,855, 253
to Weber discloses a nethod to detect random defects in an integrated

Circuit meleMirGe: T NVENT, i nei,pal abj ect . of the present
invention is to gp%\%g}(vgﬁyéﬁééc'ti ve ‘:’lanﬁlgd\I 4@3&;'2&%5?&@5#’%& %l?%]s‘i’sega

struct ure @hg 0 I i rconnect._defects in an, integrated
circuit devi ceofzpt,&%f glreg:tﬁgF g%ﬁéehgrp %Petcfites 6‘rne§‘é1ntln?%ﬁgﬁﬁ1:?‘3nc’r’éc‘fjot provi de a

test strygi;we for locating bridging defects in an interconnect |ayer
using PVC. A yet further object of the present invention is to provide a
test structure for locating bridging defects that is effective for ,
conductive levels patterned by etching or by chem cal nechani cal polishing.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide
an effective and very manufacturable test structure and method

to locate interconnect defects in an integrated circuit device.

A further object of the'present invention is to provide a

test structure for locating bridging defects in an interconnect

layer using PVC.

A yet further object of the present invention is to provide
a test structure for locating bridging defects that is effective
for conductive levels patterned by etching or by chemical

mechanical polishing.

A further object of the present invention is to provide a

method to detect bridging defects using_PVC and a novel test

structure.



A further object of the present invention is to provide a nEthE agogetgft
bridgi ng defects using-PVC and a novel test structure. 6 0 6 Je 1005 - A
yet,further object of the present invention is to provide a testing fret hod_
that does not require probing. A further object of the present inven Ot
to provide a test structure for measuring critical dlnenslons ;n_ ot on
conductive layer using PVC. A yet further object of the presend |?y

is to provide a method to neasure critical dinensions in a conductive

f the present
I r usingaayaevel, ur t further object o
|ﬁ¥gnt|on |gAig@grgvf%§§£ §$i§§% fet u §e§ﬁ&tnéPﬁ88t%%F heakurearyids ti cal

h is, effectlve fqr conductive |levels patterned by
g;gﬁpﬁg%gﬁes%ﬁgﬁgﬁ?¥§3& @ﬁ%anlcéirﬁghﬁﬁﬁW%ﬁe PROB&BGF dance with the objects

bridging defects in a

of this invention, a test structure to |locate I ( _

conductive |ayer of an integrated, circuit device is achieved. The test
structure nRr i i ne_ conprising a conductive |ayer overlying a
substrate. % ﬁgefs %Bﬂﬁ?éﬁfﬂﬁmgfﬁﬁﬁﬁntAlpVanaiDmyl@fto provide a

test structure for measuring critical dimensions in a conductive

- -

layer using PVC.

A yet further object of the present invention is to provide
a method to measure critical dimensions in a conductive layer

using a novel test structure.

A yet further object of the present invention is to provide
a test structure and method for measuring critical dimensions
-using PVC that is effective for conductive levels patterned by

etching or by chemical mechanical polishing.

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 connected to the line or to other rectangles. Near edges of



s conprises the conductive |ayer. The rectangles are not
Lgﬁagggggsto Fﬁe line or to other rectangles. Near edges of 7 08 ﬁULZCB
the rectangles and of the line are parallel. The rectangles are f oa]tlngi
Al'so in accordance with the obj ects of this invention, a nethod Egv_oc%ﬂg
bridging defects in a conductive layer of an integrated circuit o .
achi eved. The nethod conprises providing a conductive |ayer over y;ng
substrate. The conductive layer is patterned to formlines and to forma

t . t r conprises ine conprising a
E:gfl;[jucf ft:}/iflﬁé{fra n;é\t}grs | 5?%% h%%%%eraatg Pﬁﬁélrahebre FEecﬁ%F%gf%ﬁ Eg?efnugdér:\
pIuraJitﬁidy%ikﬁctangles conpri ses the conductive |ayer. The re?taﬂg e
not connected to the line or to other rectangles. Near edges o bt e
rectangl es and of the line are parallel. Near edges are spaced by a ced
constant value. The rectangles are floating. The test structure is expo

1 SSi t structure
llectron beam Secondary electron em ssions fromthe tes .
gfeagon?toregﬁg8 FBcaAfeCTFHEC T tiddt £y opassitveofvbhi agencamtiast .a Al S0 in

i.th the objects of this invention, a
accorda%%%hghtto Tocaté bridging defects in a conductive layer of an

- intearated circuit device is achieved.EThe method comprises

" providing a conductive layer overlying a substrate. The
conductive layer is patterned to form lines and to form a test
structure. The test structure comprises a line comprising a
conductive layer overlying the substrate. The line is coupled to
ground. A plurality of rectangles comprises the conductive
layer. The rectangles are not connected to the line or to other
rectangles. Near edges of the rectangles and of the line are
parallel. Near edges are spaced by a constant value.-The
rectangles are floating. The test structure is exposed to an
electron 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 substrate. The

conductive layer is patterned to form lines and to form a test
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nmet hod to neasure critical dinensions in a conductive |ayer of an ,
integrated circuit device is achieved. The nmethod conprises providing a
conductive |layer overlying a substrate. The conductivelayer is patterned
toformlines and to forma test 8 0 6 JUL ?.005 structure. The test
structure conprises a line conprising a conductive |ayer overlyin§ 8 #éL 2005
substrate. The line is coupled to ground. A plurality of rectangles
conprises the conductive |layer. The rectangles are not connected to the

line or soreihiere. ekt aRgkes redges of the rectangles and of the line
are parallel. The near eggegrgl‘rgglg%a LB FFork dofst spmPYabirg. a The

r ect angl @snd@i®: ifJ0ating. e,test structure is exposed to an electron
beam Enitted slecongla;ré% 8%%5%1‘%?\% e [httrae f fom Lhae festospleditse to

| ocate ayshg{d. i 4 test structure by passive voltage contrast. The
criti caIag di mensi or?%rﬁga&gt% rﬂ%njé%‘:t%%g]t% SHHINigss speceonidtbbitea short.

BRI EF DElSdCS‘}%! TI OF THE W NGS I n the acconpanying drawings formng a
mat eri al parlf' of = TRFS2RESEF i PIF IMOT t¢ROMEedteds fowtheFigse drapd @ther '
illustrate a.G nven%\li onal test structure for detecting bridging defects in
a patter ned, "donducteeE PAge? ¢h the rectangles and of the line are

parallel., The near edges are spaced by non-constant values. The

rectangles are floating. The test Structure is exposed to an
electron beam. Emitted secondary electrons are captured from the

test structure to locate a short in the test structure by

passive voltage contrast. The critical dimension is determined

as the smallest space without a short.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of

this description, there is shown:

Figs. 1 and 2 illustrate a conventional test structure for

detecting bridging defects in a patterned, conductive layer in

an integrated circuit device.



an integrated circuit device. 9 0 0 JUL 2nb Figs. 3 and 4 illustrate a
first preferred enbodi nent of the present invention show ng a novel test

structure for locating bridging defects. Fig. 5 illustrates a second
preferred enbodi ment of the present-invention showi ng a novel test @ﬁﬁﬁg
to locate bridging defects. Figs. 6 and 7 illustrates the first

enbodi ment applied to a damascene process where the conductive Iayer I's
defined by polishing. Figs. 8 and 9 illustrate a third preferred enbodi nment

of the preseniys.ngenhion Showiiiha %Oﬁﬁctsft\fg&fe%ﬂ%&“ SOHPERY

critical dinmensions of a patterned con ayer rates a

fourth prel greadnenbaglaeiln olndiio B GREAL LAKENL| on @how a novel test

met hod to neasure critic I mensions I FERRED

EMBODI MENER cThe BL-¢hgiLgdhaspbodi ments of the present |nvent|on di sclose 10
0% JuL= )

Fig. 5 illustrates a second preferred embodiment of the

present’” invention showing a novel test method to locate bridging

defects,

Figs. 6 and 7 illustrates the first preferred embodiment
applied to a damascene process where the conductive layer is

defined by polishing.

Figs. 8 and 9 illustrate a third preferred embodiment of
the present invention showing a novel test structure to measure

critical dimensions of a patterned conductive layer.

Fig. 10 illustrates a fourth preferred embodiment of the
present invention showing a novel test method to measure

critical dimensions.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The preferred embodiments of the present invention disclose
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structure for detecting bridging defects in a conductive |ayer of an
?n£23$ated circuit device usigg passive voltage contrast (PVC). The novel
test structure facilitates precise |ocation of bridging defects. A nethod
to detect defects using the novel structure is disclosed. The neé%o?vhiﬂb
useful for conductive levels defined by etching or by polishing.¥Pu ,
a test structure and nethod are disclosed for using PVC to neasure a
critical dimension (CD) of a conductive layer. Again, this nmethod nay be

% st e R B S

clear to those experienced int

appl i ed jgRd ext-ende i devi ating f.romthe scope of the present
iﬁeentigﬁggﬁeﬁgr?ﬁngnﬁ%gf%%ﬁﬁﬁ%ﬁ509521 VACCQUPTPEL PHT R redf tagitbodi ment  of

Layenti isnillustrated. A novel test structure for |ocating
L??dg{ﬁgﬁﬁgfég¥sq%gegiscT%%é%ﬁv%§aﬁﬁ%£ StFHﬁBPFEnFa?b%%EﬁEﬁﬁ;ﬁr?qmﬁfprgsent3
i i ho and . discussed below. Referring particularly to Fig. 3,
Lo noval C5SPRoPrUBE LTS M A Gos & SPAGPS, CeoRgeth ds Tayar dancAs o

-first i ortang'ﬁfeature, a line 58 is patterned in this conductive |ayer

54. Th&"Fi R8BS PrEFerEnt yi$ WHiardiosesnpr Thesmatned wos kusamil a1t he

-di mensi onal branching pattern shown. In this branching -
two-d conductive levels(%é%ined by etching or by polishing. Further,

a test structure and method are disclosed for using PVC to
measure a critical dimension (CD) of a conductive layer. Again,
. this method may be used for a metal layer defined by etching or
by polishing. It should be clear to those experienced in the art
that the present invention can be applied and extended without

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



11 0 6 JUL 2005 pattern 58, a series of lines are comonly coupl ed such
that the entire pattern 58 is coupled to ground 74. This ground coupling
74 may be fornmed in the conductive layer 54 only or may conprise contact

or Vvia structures along with additional |evels of interconnect material. In
a sinplest enbodinent, a single line could be coupled to ground 28
the line 58 portion of the " structure. As a second inportant feature, a

plurality of rectangles 62 are patterned in the conductive |ayer 54. These

the Tine network 58 Thac i ar gﬁ%“'ﬁ@?‘éﬁf ?%5%%@ MeEBpTRa AR O
Tl T aad o ERa s Jb e LR MR oD hgrﬁﬂnesgéﬁaﬁ{ign%‘?%i@}@f the
;Sltoa(r:\ggr eﬂ‘:’sﬂ{1Qn ad?{:cgﬁgﬁéﬁngha{:héls?é\@%%&ar etyfeo %gs °p Yggggﬁﬂ%gfé%%%li%q% ?gd
1 nes. éé@%ftzacptﬁef‘é?%%e%@gﬁgﬁ%ﬁa TR G St et evacryo! equal to.
g pgcglsgl IMARAGINE Kahueslor the Cosnl%p [4° enBbdinenc, ' 8% TRg1e Fine "

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

structure.

As a second important feature, a pluralit? 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 rectangles 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 thé“first preferred embodiment

may comprise any conductive material. For example, the

12



vel test structure of the first preferred enbodi ment may conprise
;25 (r:]gngucti ve material. For exanple, the 12 0 6 JUL Zgl5 conductive |ayer
54 may conprise a netal |ayer such as alum num copper, or an alloy of
al um num and/ or copper. Other netals or conposite mat erials could be used.
Further, such a conductive layer could be patterned using either08tdi 295
or polishing. For exanple, a metal filmmay be deposited over a dielectric
material. A masking |ayer, such as photoresist, is then pattered by a

hot ol i tdwe@H I n r el he phot Qresi.st _is coated, exposed to
gcti nicli g#@??&oagggg ?gt%ﬁ\%fe(?&%}dlhseedeavéq%ﬁ d 12X e PRAP nGS pf bEwawin, t hen
gﬁoyngfa fil mwherge exposed by the patterned masking

FZ?ngOThé iE r%lég%?ﬁgﬂl ayer?i St HeA L ARE/CF COPREF -t hBthRstneta i tar e.

Thi i tal Jayer defjned by etching. Alternatively, the

et al m??f%‘ﬁ%%bé%%f*?ﬁ@% %?IUJp‘glk?esH‘}sr&il' gélrit)ré‘eéfdéﬁ_ﬁgc@n‘émﬁﬁ%@é@ For

exanpl e, (}i el ect ri}c | ayer ma% be deposited overlying the substrate. This
LederLga G PS  Rah T

diel ectric Tayer rHEd LS i rhetabéone- deseel behiing. For

hot ol i t haogr aphi c rocess to define a masking layer. An etching process
1 eé‘ﬁ‘?“gggfr En’{:‘Engi - thenal diederasitegepvatienedibbediei@ct ric

then cr
material. A masking layer, such as photoresi;t, is then
pattered by a photolithographic sequence 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
brocess 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. 2 metal film is then deposited overlying
the dielectric layer and filling the trenches. Finally, the

'metal film is polished down to the dielectric layer surface such

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

13



[ sed by the patterned masking layer. The masking layer is then
Lgﬁggehé ifﬁgtal f?ln1ispthen deposited overlying the dielectric IaKer and
filling the trenches. Finally, the metal filmis polished qommhtp,t e hos
dielectric layer surface such that the netal only remains int eegrsgc .
The netal lines 13 0 8 JUL 20U5 are thereby defined. The above-df C 4
etching nmethod and polishing nethod are well known in the art. A Frt'Fr i
preferred material for the conductive |ayer 54 is polysilicon. Polysilico

i I i ; art fine MOS gates, resistors, and _
:ﬁtLiggﬁﬁgis?ﬁgﬁﬁﬁhggfaﬁggfys? ?6%%%53 F%ﬁﬁagggr§%§Pé89y@eﬁ%%%dﬂﬁbly5|Ilcon

i qhehu; L S 4t ef ossible to analyze a polysilicon pattern
LZiﬁg fhe g%%aﬁgfh%gbﬁ?h§§%e§$12t¢ﬁﬁ%5uﬁ?i ®pP&ferabl y designed into the
masking reticle for the conductive layer 54. For exanple, the test ]
structure may be designed into the polysilicon mask. Alternatively, the

' be designed into any of the nmetal masks in the process.
}?:?ér f;[ ;;Chg\r/%etf({)g%%flﬁ?: H,re%%”e%rﬁﬂ%ﬁ%iatleﬁorr &5g| Fopdiintivhelaymveld tiast i ng

' i.S.. wn. Ip this exanple, the
StrUCtuE§6ff%1 g%on. Po y5111co£nls frequently used in the art to

define MOS gates, resistors, and intercoﬁnecfing 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 layér 54, TFor 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_grohnded. Note that
the grounding 74 on the test structure is configured such that
grounding the subsgiate will result in grounding the line

network 58 of the test structure. This is an important feature

14



conductive layer 54 is patterned using the etching nmethod described above.
Foll ow ng the etching step, the wafer is |oaded into a SEM system Further,
the wafer is grounded. Note that - the grounding 74 on the test structure.
is tonfigured such that grounding the substrate will result in groundin
the line network 58 of the test structure. This is an inportant f@d& Jdbb

0 6 JUL 2005 of the present invention. It is not necessary to probe the
integrated circuit device during the test. The test structure 1is then

eciron beam Emitted secondary

d L
exposed & @nd %e%'é?lrtgl{nvgﬁ't:rﬂgﬁy € P R SoTE58 By tot RESRENMheThe PVC

el ectrons are captured and conveért _
causes the grounded |ine network 58 to |ight

effect, I aboye

or - gl ow%ﬁt t%ectréﬁé;%g.rcw%t HEVBEC HIHGE P rdteedEshas E8ApEesEdSEUecasss ul | v,
then only, the line net wr%rk 8 wll be lit. The rectangles 62 will remain
dark. However " &BP°Gdi h§ AetQRTeHeEPhareifean Fdesbdonnbelm. Biihie
process. ‘I;:he bri dI%i ng defect forns where the conductive |ayer 54 has not
been corpl STEAF YeFLREGTORF oBER 2P LR anel Coaveliad hetwoak Gfade ayga
rectangle 78. This inconplete etching wll forma bridging defect that
shorts trﬁl? IS5 58et 8VEneffeekt anyldestgibael epovhe aduass agee ofrédiidiovel

structure is . . : -
. 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 whére 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 isolated from the other
rectangles 62 in the array, the bridging defect only shorts
between the local 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 fﬁrther 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
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ause each rectangle 62 is isolated fromthe other rectangles 62
?ﬁe?heBgfray t he brldglng defect only shorts Dbetween the |ocal rectangle
78 and the line 58. Therefore, only a single rectangle 78 gl ows. The ot her
rectangles 62 remain dark. It is therefore very easy to precrselﬁelﬁﬁgtﬁ]5
the bridging defect. This makes further analysis of the test strilibteMle
i ncluding cross-sectioning, much easier. It is possible for a bridging
defect to short nore than one rectangle if the defect 15 B 0 6 JUL 2Mb is

I e. i we rect es that are shorted will be lit. It
s otil ﬁgegal;byrgtég 5 SFS'J%XW%@%E T dSntGna 1561 Ghat apte brhardiasy

ui | detected, and | ocat.ed w t hout an eleetrlcal_
gsaﬁﬁatﬁghqel% &%% yIt yo ?% Ete%?SYEFQKﬁQq%¥Fa§P@edegﬁ9tt|ne t he integrated

circuit is probed, there is a chance of damage or contam nation. Further,
the requirement to electrically test for a defect, first, and then to

attenpt to s¢gan for the cause neans that the prior art test_nethod
requrpes srgﬁ%F'5§ﬁpna88?t?%%%wst§¢ﬁaQﬁﬂﬁghﬂ@ndyﬁepﬁrthebe quvieckdry or  art

; . i es. By
not well-suited as an inline test due to its deficiencies
ggﬁ;g?? ectgd ﬁPQséﬁFated 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 prior 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 the 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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i nvention provides a test structure and nethod that can be used in the
line with the production process. The PVC test can be quickly perforned,

wi t hout *probing, to provide direction for the process engineer and to
provi de significant root cause analysis. Referring nowto Fig: 5, a second
“preferred enbodi ment of the present invention shows the novel te8# Jdt 2B
to locate bridging defects as a process flow First, a conductive layer is
formed overlying the substrate in step 100. Second, this - conductive |ayer

i's pattefdathd Hhotlp : [ t i.hg may be by etching or by damascene
pol i shing. During thgé%gt tsg?]l'rl\;éﬁggé s(?fep%}i%é’,r%ﬁéﬁc&ﬁaﬁeﬁ‘@é' I Tlﬁ%\%g'oftlt%e
circuit fQr I 16 6 JUL zoos as_the novel test structure of
t he pres%ﬁls?: isﬁ\fg%?iu%%. ﬁh%}r{ ?s?(%et? et e?terclfdftol?r &epr éRpdker 10 arfldi®ct ron
beamin 120 This, .step s preferably perforned in a type of SEM

syst em %16230 l(jasxgjgs(?—t%rega ¥tP§F§?EE%<§|J;P ihVoRPe£fs EBMNPHEt eMe eTRet ron beam
on theeég%k;struct re. Finally, enmtted secondary electrons are captured
and conVverted to 8% BESTFRAlgeY t YV s9ama iger sbeselentsorpoddD.on

Ref erri nQw to Fi gs. 6 and 7, the first preferred enbodinment is applied
to a dama¥céne tprbEBSEuRfier Biadkly, emitted secondary electrons are

captured and converted to a video image to locate line defects:

in step 130.

Referring now to Figs. 6 and 7, the first preferred
embodiment is applied to a damascene process where the
conductive layer is defined by polishing. As described above,
the conductive layer 54 may be defined by a damascene polishing
process. This is particularly useful where the conductive layer
54 comprises copper due to the difficulty in etching copper.
Note that the same test 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 1is
residue leftover. Residﬁe is a form of under polishing, or non-
uniform polishing, wherein a section 82 of the metal layer 54

el

remains after the polishing step is completéd. Referring now to
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conductive layer is defined by polishing. As described above, the
conductive |l ayer 54 may be defined by a damascene polishing process. This
i's particularly useful where the conductive layer 54 conprises copper due
tothe difficulty in etching copper. Note that the sane test structure can
be used for either the etching or the polishing process. In the 08sdUb
chem cal nechanical polishing (CW), a polishing head and a slurry
material are used to renove the conductive |ayer 54. A common problemin

the OVProgoCessthe réemhiiad ald Quela Rashdue is. g pImoly ;Ju“ﬁ%g{geg%' | shing,

or non- uniform polishing, erein a section 54

renainssgkgfﬁv&hge?@%% | NG SLERJS Rl eted. Referring nowto 17 o a JUL

M Fig. e res I's easily etected” afd Pocat ed usi ng the same PVC
techni que di scussed above in Fig. 5. Referring nowto Figs. 8 and 9, a
third preferred enbodinent of the present invention is illustrated. In
this enbodiﬂegt a novel test, str%cture is disclosed for neasuring

critical di nBnsFToRS SFW Jt fdI5ed ScBRGUr i detNaTRrPrefe Q%I di nensi ons
(CD) are _defined as_neasurenents that  are taken on structures that are

f or med SQEBHngnBrO%tEn?Eﬂqﬁﬁﬁnt invention is illustrated. In this

embodiment, a novel test structure is disclosed for ﬁeasuring

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 quicker 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 previous 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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For exanple, the width of polysilicon lines are nonitored as a critical

di nensi on. Typically, CD neasurenent is perforned using an optical

nmeasur ehent system such as a KLA machine. However, the novel test
structure and nethod of the present invention provides a quicker
alternative to nonitor CD spacings on conductive layers. I'n any @B8ciiHo@®8y
or process developnent, it is inportant to know the margin or limtations
on the smallest CD s that can be produced. The snmaller the CD, the faster

the chi mheHpeNatit othenBERVAQUSHATdD O GR8CKLD LQe%&Pg process margin
reqU|re§:a nuchllogger proce%s of tesfFﬁq at t é en f %%e process cycle.

whi ch carrAake a9 98d,88 eeshxvﬁm@gbdwea LaResedystiustice hs ) 18 0 6 JUL

2015 the benefit "of checkin I'n-"1 e~ an ti vely
reduce technol ogy developnent time substantla!ly. Referring particularly
to Fig. 8, the novel CD test structure conprises a single, conductive

| ayer 154. fir ortant f eat e 158 is patterned in this
cg%ductive §$gfl%é4pa$ﬁlc?l?ﬁ}%§%°gﬁ@fegangefBPY%%r ordit ses a network
such as t.he two-di nensional branching pattern shown. In this branching

patterr1%ﬁﬁ?cﬁgr§éfpggr6FeFl%e%l%ﬁ%?«xﬁﬂﬂﬂﬂ?}188uﬁﬁ§ﬂr 154. As a first

important feature, a line 158 is patterned in this conductlve.
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. 1In a simplest
embodiment, a single line could be coupled to ground 174 to form

the line 158 portion 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 clgéely spaced. The near edges, that is

the closest edges of each rectangle 162 and it nearest, adjacent
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such that the entire pattern 158 is coupled to ground 174. This ground
coupling 174 may be forned in the conductive layer 154 only or may
conprise contact or via structures along with additional |evels of
interconnect material. In a sinplest enbodinment, a single line couldube
coupled to ground 174 to form the line 158 portion of the struct0BeJUaP008
second inportant feature, a plurality of rectangles 162 are patterned in
t he conductive |ayer 154. These rectangles 162 are designed to be

non- conreirieebrilifhesasBagt hee aoehdd tih Jde hie 18t "‘%L‘n&ff% hat is, heaCh
rectangle 162 is an island. Therefore, each rectangle 1's atlng mnt

respect diddiecdtoungorleLer eAge,dTd Glcd Osgfc't'a%ug gtaprﬁfdd' fion

rectangles 162 and the |lines 158 are 162 3 ace s cenf’lghth
is the g h and it _neares a
JuL 2005&%)?%3%0%@ ?‘%nglggg %‘?% orrre 61é°rtar5‘| SPPIERIE FY#RIFy, tHe

0 edges, .of he rectangles 162 and the line or
F:ﬁégni§§;arggﬁiggg?§ gcﬁgﬁétw%%%s1§%H£G§$U€ndTﬁﬁ§r dj eMBOg e £ er ence

“bet ween i.rst nbodlnent More preferably, the distance 170
vgrrgs 5%?%%% e%FégggY kﬁgaﬁh%EaQﬂ%I'ﬁ%énﬁﬂﬁstﬁérﬁﬁﬁlﬁuﬁ@%%%d%ﬁg val ue for

the Conduﬁﬁk%ﬁthat include the minimum spa01ng 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 maéking 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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| ayer 154 in the manufacturing process. The novel test structure of the
third preferred enbodi nent may conprise any conductive material. For
exanpl e, the conductive |ayer 154 may conprise a netal |ayer such as

al umi num copper, or an alloy of alum num and/or copper. Qher netals or
conposite materials could be used. Further, such a conductive | a0 §r JUls 2006
could be patterned using either etching or polishing as discussed above. A
further preferred material for the conductive layer 154 is polysilicon.

Pol ysi | iggerelss. hreguephé Yest@d-iiyd he ant 159 @%MQE%@ L&Sen Pl or s,
and interconnecting lines. Polysili corﬁand, nore prefer al%?ly, cfloprggtsj

ol ysili i i ggndyg teq ef;qQr $ e al yze. .a ’,
Bol zsi I iwé[g%opzftﬁé?ﬁ usi %SE?Sh% Sﬁdv%énegt&ﬁo&% %ﬁ@gt glsttghsftirxgc%:?se pcfllgn4tﬁr§ferabl y
desi gned 4 At; e+ BEKLNQ. r&f i 4 t conductive |aye or
exanpl e,qst Eeq&teggt tgtgr uc% egfrra@ege Oc%esﬁqg’r?g&yl % %ﬁ?ﬁer%%%%ﬂi%cgnhs%msr. I

Al t er nat j.vel y t, structure b igned into any of the neta
masks iwl;ige}srfogggéxcg%f iE}J[;)er glclenses.ne toé'?( gﬁg'conducti ve |layer 154 is
defined by etching or by polishing, the test structure is conpleted. At
this point, it is likely that some of the nbst closely spaced rectangles
162 =

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 ﬁecessary 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. Seceondary
emitted electrons are captured and converted into an image by
the SEM. The PVC effect, as described above, causes the grounded
line network 154 to light or glow on the image. If the etbh}ng
process has isolated all of the rectangles 162 from the line
network” 158, then only the 1inérnetwork 158 will be lit. The

rectangles 162 will remain dark.
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will be shorted to the line network 158. Referring nowto Fig. 9, an _
exenplary test result using the novel testing structure is shown._In this
exampl e, the conductive |ayer 154 is patterned using the etching nethod
descri bed above. However, the method would work simlarly for a damascene
process. Following the etching step, the wafer is |oaded into a GEwWUL 20
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 integratRdietkkCulit ggvii:gep%r{%t ¥ +n hgl%’?%ts%%@%ﬂ}”f ;1S then

exposed to the primary electron beam re specifica e %c‘?{on 3eam
o S B8l SACEYEbUEE SECEIR o R T ECLAnE gl
Tt he CreniRg  br acaea Rsy i SO o ST ety BRLhEnednghusTr it ne o
0 ok SR PR 4 0 B A58 e UL, T

can be used to définé 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 quickly 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 to 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 thé“third

preferred embodiment of the present invention. Third, the test
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ver, it is likely that some of the closest rectangles 182 wll| be
gﬁgfted to the line {58. This will cause these rectangles 182, only, to be
.lit.along with the Iine network 158. The remai ning rectangles 162 W ll .-
remai n dark. This observation can be used to define a quick neasureneCt of
the CD spacing for the conductive layer 154. The designed spaci ng 813Ul 2006
each rectangle in the array is known. Therefore, by observing the
rectangl es 182 that are shorted and, nore particularly, the snallest

spaci ng ddatcthgenat s_kagegg&l,tcpré)&eeslseceewnn%%f&%hg?ﬁg@?ggggggh gerarmne how

cl ose the process is running to the_tar?e; ttion todl et s way. s
to b 196K | 5 i vi syal__insp ) way,
% P A RS
f i ELg. ur refe
Fﬁvgg{:g%QE%%%§p¥ﬁggn %%Fef%% Y et fod % SreRLare Teri eieat TR et oiis of a

nduct i I rusing PVC _First, a_ conductive layer is forned overlying
fﬁe'sub§¥%hfg¥?nsg 8595552 Faut dFqﬂﬁt§dbéﬁ&GBQPVédPé?@?rQ%Spﬁﬁieaped in
step 210, _This atternin y_be by etching or by damascene poli shing.
Duripng Ctaﬁ;el:'u &6t gPHi ﬁan%?’gﬁg@ﬁﬁ & e 9eondiedeyv &ol {ﬁ@§t©fll¢@ ddfeutit are
formed as wel | the novel test structure of the third preferred
ewbodinéﬁtggﬁpt%§Opr5§%%%1an%hﬁiQﬁ%tIﬂﬁlrd}mﬁhélpesLs defined as the
smallest space in the test structure that is not 1lit 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 require probing. A test
structure for measuring critical dimensions in a econductive
layer using PVC is achieved. A method to measure critical
dimensions 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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22 06 JUL 2M structure is exposed to an electron beamin step 220. This

- step 220 is preferably performed in a type of SEM system The exposure
nmost preferably involves scanning the el ectron beamon the test structure.
Fourth, emtted secondary electrons are captured and converted to a video
image to locate line defects in step 230. Finally, the critical QiBnd¥si28H
is defined as the smallest space in the test structure that is not lit or
shorted to the grounded |ine. The advantages of the present invention nmay
now be summarized. An effective and very manufacturable test structure
and nethod to | ocate interconnect defects inan integrated circuit device

is achieved. aBri gide gcat u5| the structure, in an
|nterconnectAiaﬁggbgs%ﬁgﬁgg(ﬁ %%E? éa gpﬁﬁgpu?é g e??%%£|§EF9Qﬁures

conduct i pakte tchln nlcal nechani ca
pollshlﬁgﬁikE§§F§8d8%o %g% i dyTHY %%ﬁ@%?gl §i A plEEht e M%hove

test strUGHU: h ed The testing nethod does not require probing. A
t est struct&%gh?abﬁﬁeasu?f% CEYS ¢ 5 dIPiBrLi 865 -i n a conductive |ayer

using PVC is achieved. A nethod to measure critical dinensions in a
conductive | ayer using the novel test structure

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 wvarious

changes in form and details may be made without departing from

the spirit and sc0pé of the invention.
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is achieved. The test structure and nmethod for measuring critical
di nmensi ons using PVC are effective for conductive |evels patterned by
etching or by chem cal nechanical polishing. 23 0 6 JUL 2nb As shown in
the preferred enbodi nents, the novel structures and nethods of the present
invention provi.de an effective and manufacturable alternative to0hdU2ir
art. Wiile the invention'has been particularly shown and described wth
reference to the preferred enbodi nents thereof, it wll be understood by
those skilled in the art that various changes in formand details nay be
made wWh#Houts ddgameiongstrom the spirit and scope of the invention. 24 0 6
JUL 7.815 What is clained is: 1. Atest structure to |locate bridging
def ects. Pntastontuettwvee fayleycaife driidgtiegr deédctsruid dewiwe iwai d test
structure conprising: a line conprising a conductive |ayer overlying a
substr at éayemepné€i ansantdedratesd scicoupltedetvo.cgr oaaddanes whetewat s d
conductive |l ayer conprises polysilicon; and

comprising:

a line comprising a conductive layer overlying a substrate
wherein said line is coupled to ground ghd wherein said
.conductive layer coﬁprises polysilicon; 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 said rectangles are

floating.

2. The test structure according to Claim 1 wherein said line

comprises a two-dimensicnal, branching pattern.

3. The test structure according to Claim 1 wherein said coupling

toe ground comprises additional layers.

-4, The test structure according to Claim 1 wherein said near

edges are spaced by a constant value.
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a plurality of rectangles conprising said conductive |layer 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 are parallel, and
wherein said rectangles are floating. 2. The test structure according to
Claim1 wherein said line conprises a two-dinensional, branching08ad¥le 25
3. The test structure according to Caim1l wherein said coupling to ground
conprises additional |ayers. -4. The test structure according to Caiml
wherein said near edges are spaced by a constant value. 25 0 6 JUL 2Wb 5.
The te3t B¢ U@ STEEECHVARLNGCEBr LAY YA Whieei In "S&ir¢ iRe &R 18d§E3 Tar e spaced
by non-constant values. 6. A nethod to | ocate bridging defects in a
conducedges | ayersrifceda®yi pragranetact reaiueslevi ce, sai d met hod conpri si ng:
provi ding a conductive |ayer overlying a substrate wherein said conductive
| ayer conprises polysilicon; patterning said conductive layer to formlines
and to form a test structure wherein said test structure conprises: a line
conpri §i ny sailbd orductdare baydnioyedéfeags in a conductive layer of
an integrated circuit device, said method comprising:
providing a conductive layer overlying a substrate wherein
said conductive layer comprises polysilicon;
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; and
a plurality of rectangles comprising said
conductive layer wherein sald rectangles are not connected
to said line or to other saild reciangles, wherein near
edges of said rectangles and of said line are parallel,
wherein sald near edges are spaced by a constant value, and
wherein said rectangles are flecating;
exposing said test structure to an electron beam; and
capturing emitted secondary electrons from said test
structure to locate saild bridging defects by passive voltage

contrast. -
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said substrate wherein said line is coupled to ground; and a plurality of
rectangl es 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, wherein said near edges are
spaced by a constant value, and wherein said rectangles are floafithdUlL 2005
exposing said test structure to an electron beam and capturing emtted
secondary electrons fromsaid test structure to |ocate said bridging
defects by passive voltage contrast. 26 06 JUL= 7. The nethod according
to O ai m6 Whelhs meshiod brnerdonprtseSlain wo-wharenisi arald, 1amanchi ng
pattern. 8. The nethod according to Caim6 wherein said coupling to

gr oundcepirdese s addi-dionakibayef sbr&ncihey nedthoe-raccording to Caim6
wherein said patterning conprises etching through said conductive |ayer.
10. The method according to Claim6 wherein said bridging defects conprise
i nadequate etching of said conductive layer. 11. The nmethod according to

G aim6 wheg eiThes aled HRRAL L@EBFASNg to Claim 6 wherein said coupling to
ground comprises additional layers.

9. The method according to Claim 6 wherein said patterning

comprises etching through said conductive layer.

10. The method according to Claim 6 wherein said bridging

defects comprise inadequate etching of said conductive layer.

11. The method according to Claim & wherein said patterning
comprises polishing down said conductive layer to conform to

predefined trenches.

12. The method according to Claim 6 wherein said bridging

defects comprise inadequate polishing of said conductive layer.

13. A method to measure critical dimensions in a conductive
layer ¢f an integrated circuit device, said method comprising:
providing a conductive layer overlying a substrate wherein

said conductive layer comprises polysilicon;
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conpri ses polishing down said conductive |ayer to conformto predefined
trenches. 12. The nethod according to Claim6 wherein said bridging
defects conprise inadequate polishing of said conductive layer. 13. A

met hod to nmeasure critical dinmensions in a conductive |ayer of an
integrated circuit device, said method conprising: providing a cOfddék 208
| ayer overlying a substrate wherein said conductive |ayer conprises
polysilicon; 27 06 JUL 2E5 patterning said conductive layer to formlines
and to forma test structure wherein said test structure conprises: a line
conpri si ng BHit¢ r@dRguetilde chagertbver Lyyeg i brms idsiesatadwher épansai d
line is coupled to ground; and a plurality of rectangles conprising said
conduct i est |Hymrctwhyer ehgreandspedt aagt est aretuiot comrested to said |ine
or to other said rectangles, wherein near edges of said rectangles and of
said line are par dlingl compereingsaaid ceaiuedges layerspaeed yvingneaidonst ant
val ues, and wherein said rectangles are floating; exposing said test
struct ure taulstreltectwhercheaspidcaphar i sgcempldd@d ¢ epandal;y agkdect rons from

sai d test
a plurality of rectangles comprising said conductive
layer wherein said'iectangles are not connected to said
line or to other said rectangles, wherein near edges of
sald rectangles and of said line are parallel, wherein said
near edges are spaced by non-constant values, and wherein
said rectangles are floating;
exposing sald test structure to an electron beam;
capturing emitted secondary electrons from said test
structure to locate short in said test structure by passive
voltage contrast; and

determining critical dimension as smalliest said space

without said short.

14. The method according to Claim 13 wherein said line

comprises a two-dimensional, branching pattern.

15. The method according to Claim 13 wherein said coupling

*~  to ground comprises additional lavers.
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structure to locate short in said test structure by passive voltage
contrast; and determning critical dinension as snallest said space

wi t hout said short. 14. The nethod according to Claim 13 wherein said |ine
conprises a two-dinmensional, branching pattern. 15. The nethod according to
Claim 13 wherein said coupling to ground conprises additional |af&r VL2005
06JULM 16. The nmethod according to Claim 13 wherein said patterning
conprises etching through said conductive layer. 17. The method accordi ng
to Claim13 wherein said critical dinensions conprise spaces between |ines
of said condbtctThe netdypst aggerddnat ehi Ayaingl3 Weermitthadistcording to daim
13 wherein said patterning conprises polishing down said conductive |ayer
to coRfbierRbnpredefiited tetehdéhesthigugiThea et doudwrtioraileyaro C ai m 13
wherein said critical dinensions conprise spaces between lines of said
conductive |ayer due to polishing dowmn. 29

17. The method according to Claim 13 wherein said critical
dimensions comprise spaces between lines of said conductive

layer due to etching.

18. The method according to Claim 13 wherein said
patterning comprises polishing down said conductive layer to

conform to predefined trenches.
19. The method according to Claim 13 wherein said critical

dimensions comprise spaces between lines of said conductive

layer due to polishing down.
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