Wring Structure to Mnimze Stress Induced Yoid Formation TECHN CAL FI ELD
[ 0001] The invention relates to the field of fabricating an integrated
circuit and other electronic devices and in particularmwm"mmwmmﬂmm
structure with a higher resistance to stress induced Vv nin via
reliability testing and in nmulti-Ilevel interconnects. BACKGR@4ND [0002]
During the "back end of |ine" (BEOL) portion of fabricating a

m croel ectronic device, several conducting |ayers are stacked on each
other in sequential operations. The conducting |ayers, which are al so
referred to as Wi}‘il‘ig SEFIeGFS to MiRimPRAS &S IMYuQEVeid Feimationt! ectric

| ayers to electrically insulate adjacent interconnects and to prevent
undesirabl e crosstal k between the conducting |ayers. The interconnects are
inthe f i d lines or may be contacts to source/drain regions
in the su @%ﬁg¥§7ﬁﬁ%gfe is a significant challenge to inprove the
reliability of the final device because the repeated passage of current

t hr ough [@001]el eThe ingaltiog irglaes t tist fiebdb ofefgbridatng aveih@prpted oindutcind bgheand nay

i nduce voids that cause device failure. Stress induced voiding is a conmon
pr obl em dlertronik Hevitesdrd inipatteniaoraecitisg sypaniré @ith ahigliert regsce eosess isddedf
copper. Reliability is an increasing concern as interconnects becone

smal | er aidforat@haet via tdliability td@ing iahd Mt devenpleadpankctsOne | eadi ng cause of
device failure is electromgration that forns a void by the novenent of
metal ions or vacancies in a conductive element as a result of a current
passi ng ﬁ&éﬁﬁﬂ@Lbﬁ) A continuing trend is to manufacture devices in which
failure nmechanisns are substantially delayed or prevented from occurring

by incorporating new designs and inproved materi al s.
[0002] During the “back end of line” (BEOL) portion of fabricating a microelectronic

device, several conducting layers are stacked on each other in sequential operations. The
conducting layers, which are also referred to as interconnects, are separated by one or more
dielectric layers to electrically insulate adjacent interconnects and to prevent undesirable
crosstalk between the conducting layers. The interconnects are in the form of vias and lines or
may be contacts to source/drain regions in the substrate. There is a significant challenge to
improve the reliability of the final device because the repeated passage of current through an
electrical circuit stresses the (metal) conductors and may induce voids that cause device failure.
Stress induced voiding is a common problem in multi-level interconnects, particularly those
comprised of copper. Reliability is an increasing concern as interconnects become smaller and
higher current densities are employed. One leading cause of device failure is electromigration
that forms a void by the movement of metal ions or vacancies in a conductive element as a result
of a current passing through it. A continuing trend is to manufacture devices in which failure
mechanisms are substantially delayed or prevented from occurring by incorporating new designs

and improved materials.
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1 [0003] While operating an integrated circuit device, a current typically
flows froma first conducting |ayer through a diffusion barrier at the
bottom of a via and then through the via before reaching a second
conducting |layer. For exanple, consider the interconnect structure in FIG
1 in which a first conducting layer 3 is fornmed in a first dielectric |ayer
2 on a substrate 1. Typically, the first conducting layer 3 is copl anar
with the first dielectric layer 2. A second dielectric layer 4 is
deposited on the first dielectric layer 2 and on the first conducting |ayer
3. Optifeoed]l y, WHike opérasig aanstegraeebicuiti RYies taldufiedt dypidally Bowéframe fpart of a
stack of dielectric layers further conprised of one or nore etch stop

| ayer orcoadictih@layérah@tgh A&ffhsorPbi@Gl Ak 8Ot of 11O Bnbhbd IhRshgh hetvite art.
[ 0004] A conventional patterning and netal deposition (danascene) sequence

is used gefore fe@&ﬁﬂ%\a ¥kShdoAdIRUA: Tah&. Fbf ShmpRNEVISTHENE: InAY@hnedt f#AkRe mecond
conducting | ayer aligned above the via 5. Typically, a diffusion barrier

layer 6 fig. d&nOmth £8rst HnBuGRAPRIELNR FARRATINS AR HifkcthiP 124 8S ors£&8RATEL al
deposition. A conpressive stress builds up on the downstream side of the

di ffusi opyn; Ay, fthefirsd c%}{ﬁfctigg w?& 1385 BopiBPW iR uR & AR 1 HRNBRFES AR L1 M _on

T
the opposite side of the diffusion” barrier at the botttomof the via 5.

There team@c_tﬁcolapﬁg 435 5@@.\4&(5@% uf%ffugf%ﬁ@éam?;é?@aké Fgfhewgm%& 1?1593.“ 3 that

| eads to void 8 formation in |[ocations of tensi stress suc

. di . . _ PR . 6
| medi at(%t%)nyl ,h%?ﬁ%pﬁréd .c&rﬁedlglégtlgceﬂ%erg b,o{%ar{e/é%p%%]ag?acg!off Iilglg&tﬂg lay@ys Flrfhe

Thus, a portion i'rst conducting iI's adjacent to the via

5 is espegi V. i j i ; C jqration.
Fur her rarBnueor SHEFSRELECE bR p bRl Rlordl St S S SRMANMERRT, )
to formg void nore readily. A via test structure for nonitoring the
effect of "a first and second conducting |ayer pattern on void formation is

desirable to enable a better understandi ng of how desi gn and
[0004] A conventional patterning and metal deposition (damascene) sequence is used to

form a via 5 above the first conducting layer 3 and a second conducting layer 7 aligned above the
via 5. Typically, a diffusion barrier layer 6 is deposited in a damascene opening prior to the
second metal deposition. A compressive stress builds up on the downstream side of the diffusion
barrier layer 6 while a tensile stress increases with time on the opposite side of the diffusion
barrier at the bottom of the via 5. There tends to be a movement of metal in the first conducting
layer 3 that leads to void 8 formation in locations of tensile stress such as immediately upstream
in the current flow from the diffusion barrier 6. Thus, a portion of the first conducting layer that
is adjacent to the via 5 is especially susceptible to void formation due to electromigration.
Furthermore, a first conducting layer 3 with a large surface area is likely to form a void more
readily. A via test structure for monitoring the effect of a first and second conducting layer
pattern on void formation is desirable to enable a better understanding of how design and

materials may be optimized to provide higher reliability.



materials may be optim zed to provide higher reliability. -2 [0005] Void
detection in netallization patterns is acconplished in U S. Patent
5,504,017 by passing a current across a netal |ayer to generate a hot spot
in a barrier layer adjacent to the void. The hot spot is detected by an
infrared technique or by coating a liquid crystalline material on the

nmetal and neasuring a calorinetric response. [0006] A test structure is
disclosed in U S. Patent 6,004,827 in which a netal runner is fornmed on a
substrate. After a sintering process, a dielectric layer is renoved to
reveal bioogsy on voidiRiectiohiamedhatioRpdilers & ueesthplahédin (A, Raedi 5,604,010®3t i on i s
nore than 20% hi gher than the average bunp density, long termfailure is

predi ct eghsadg 4 AfenSdctRs a QAP erhd gddefdte Nt 8t iba BPBerIBAr adackRIb thetvblact ur e
is fabricated on a sem conductor wafer and conprises a first |ayer of

netal t hate HaB§Hos R CREle@Bar Rkt M eeRAGRYIr By WoUtRD a Hh@id CRRARME Gfliekinl shakd €S by
vias with first, third, and fifth channels in a second netal |ayer

Openi NgSmih AAd GRERENY 2 kLAY Shetridldspiisd.he first and fifth channels to be
probed for resistance and conpared to a calibration nmeasurenent. [0008]

U. S. Patent 6,320,391 describes a long narrow test conductor that is
connect 098 an A testsEwyre it disstossd ig dhetatest 6-80¢ & dm Which 2pNetd reInefr il ity of
vias that avoids a current crowding effect when placing only one via at
each endoprediaie subsifatee Mg 2 sipieringprecesp frdiadectriclayar ds regoveddpraesl Brapywn h a
hi gh stressing current. [0009] In U S. Patent 6,570,181, a reliability test
st r uct urtge fusngfe ¢hen bawp genchaivdting ata givex lacavipn isgmqse than RPTeyhigher themiget est | i nks
formed in a first nmetal layer that are alternately interconnected by a

pl ur al i tayerage B denkiiyn long esmpfeidhre iy paeddasedoni thapeiteal | ayer. The | ong and short
| i nks may be arranged

{0007] In U.S. Patent 6,498,384, a test structure is fabricated on a semiconductor wafer and
comprises a first layer of metal that has second and fourth channels which are connected in series
by vias with first, third, and fifth channels in a second metal layer. Openings in a capping layer
allow the first and fifth channels to be probed for resistance and compared to a calibration

measurement.

[0008] U.S. Patent 6,320,391 describes a long narrow test conductor that is connected to an
extension metal conductor on each end by a plurality of vias that avoids a current crowding
effect when placing only one via at each end of the test conductor. The test structure is

compatible with a high stressing current.

[0009] In U.S. Patent 6,570,181, a reliability test structure is described as having a chain of
a plurality of long test links formed in a first metal layer that are alternately interconnected by a
plurality of short links formed in a second metal layer. The long and short links may be arranged

in a serpentine configuration.



in a serpentine configuration. -3 [0010] K Yoshida, T. Fujimki, K

M yanmoto, T. Honma, H Kaneko, H Nakazawa, and M Morita describe in
"Stress-Induced Voi di ng Phenonena for an Actual CMOS LSI Interconnects" in
El ectron Devices Meeting, 2002, |EEE, Vol. 8-11, pages 753 to 756 that a
vacancy in a bulk netal is able to diffuse through a wide nmetal layer or in
a del ayed fashion through a narrow netal |ayer before reaching a via that
is connected to the netal layer. Over tinme, enough vacancies accunulate to
forma void at the via bottom For exanple, a void occurs nore rapidly

bel ow t hpowla 5XK. Yoshi@f] TORujinaki, & Migimdto | BYHRIm20H | KankkdSH. 8Bakdzhwd) abel ow a
via 51 forned on an extension 52 froma w de netal layer 50 in FIG 8b.
[0011] TheMRbir ®soMBE i BerefsOmbhdad Voriin gdiichd rhaha tf@Sdni AtguaP OMIUS LSIL er connect
conventional test structures typically underestimate the lifetinme before

devi ce fRidrdbnfecRC GHERCRAAMIESs M&ngl 2002, IREE, #6£ QUNT pdeed 738Qb 6156 dnix 2 bul k
netal such as a bonding pad or a |arge area netal |ayer that diffuse

through Ry PNUTR hiklal GABRESHIFAR thRdugh ¥ Wile hetdIARHOMRA a MERWAhshdn
conventional "four port Kelvin test structure 10 for perform ng resistance

measur engHugh Lﬁarmvgﬁlwapgﬁézr rﬁeﬂe@eac%ingi% v{iei thtis Bineted &@Neerﬁet§19§3£i 664 of a

bond pad 11, a bond pad and neta ines 13, 14 is formed on a

sem condygt AhoHRethatEactnRliad ROWh 2 vBidSR GRS sm[%f#. FoR¥&mpROaDsil %g&rsof bond
6 d S 8 e fi

pad 15, bond pad 16, and netal lines 17, 18 1| ormed above t rst

o , . £ al © :
et a 181?68{?@9% 'Pgloér‘?ﬂe%?% f%nfn&%’ﬂ 4 Q%ﬁ n&e‘iaﬁ‘iager”'ﬁ)tlﬂ FIG 3% GhanBélofy Mig5FCLri C

| ayer t neta Ines 13, 14 are connected to the bottomof a

20. A cupt bR SRR % b ARRc e APSF AR P 7S appl fod at bond
pad 11 and a voltage V1 is neasEFed at1bond pagplz’and apeoltage V2 is
measur edl0811]1bondhgrafrel @henBsrfdrnpagireligbiliy tefting pelatlintesconrgch compenidgonal test

structures typically underestimate the lifetime before device failure occurs because they fail to

account for voids in a bulk metal such as a bonding pad or a large area metal layer that diffuse

through a narrow metal connection to a via. A top-down view of a conventional four port Kelvin

test structure 10 for performing resistance measurements is pictured in FIG. 2. A first metal

layer comprised of a bond pad 11, a bond pad 12, and metal lines 13, 14 is formed on a

semiconductor substrate (not shown). A second metal layer comprised of bond pad 15, bond pad

16, and metal lines 17, 18 is.formed above the first metal layer and is separated from the first

metal layer by a dielectric layer 19. The first metal lines 13, 14 are connected to the bottom of a

via 20 while second metal lines 17, 18 are connected to the top of the via 20. A current of about

1 milliamp (ma), for example, is applied at bond pad 11 and a voltage V1 is measured at bond

pad 12 and a voltage V2 is measured at bond pad 16. Bond pad 15 is grounded to zero volts.

The resistance R of via 20 is determined as R = (V1 — V2)/ 1 ma.

[0012] A reliability test is conducted by heating the substrate with the test structure at an

elevated temperature of about 200°C for a duration of time that may encompass hundreds of



The resistance R of via 20 is determned as R= (V1 - V2) / | ma. [0012] A
reliability test is conducted by heating the substrate with the test
structure at an elevated tenperature of about 200C for a duration of tine
that may enconpass hundreds of -4 hours. Periodic resistance nmeasurenents
are taken during the period that the substrate is heated and these
nmeasurenments are conpared with the original resistance val ue.
Unfortunately, the reliability test underestinates the tinme before device
failure since vacancies (not shown) in bond pad 11 mgrate through netal
line 13 Hourd ®eflddic wedistdndenfdasirbraady aratakbmgurb@ttheperiof that e 2ibsir&tats heitd®r eases
via resistance R to an unacceptable level. Additionally, vacancies in bond

pad 12 n@y thedt geaufniehis atdampiiedvithititeoribhal Rsistafdeaane. UlRruak&y,ahe VOi d
formation at the bottomof via 20. It is understood that the dielectric

layer 19re'li§bil'it%’Eﬂsﬁlﬂ{dledéstﬂcnﬁésaﬁé(tixﬁé betbieldehite faflurk 3B¢ Saciitics inAkBoWHYin behgown i n
order to sinplify the drawing. Furthernore, first and second netal |ayers

are typigalihigRRehosafmWhitihen3 @Rk VBRI Borthbl sk MR bBRdh beVia bewar s t hat
are not pictured. [0013] An inproved test structure is needed that prevents

vacanci egcredlefvik RR1aRGE P afhnl Un@Pepthhlt Te"véle rAdaglo\%ﬂ)h vidifcidsah o pa¥ 3b tha
formation at the bottomof a via and thereby enables a nore ‘accurate

det er mi mﬂﬁgm@[hpcrugn hﬁta‘}'h@e 14 h §ickéTEe Wb RRe &lrev\ésdq%nﬁmohu{ fhe b&to@ﬁ(&e\ff% &l it Q occur.
[0014] A commonly used nethod to offset the tendency for void formation in

an int eJdﬁE’x"s‘ﬂ%S&Ehal the HQle@tﬁgllaé'etaIQj@?’g ny [':_‘btﬁcl&rf%ﬁel&'t chx\&rmﬁl dé(rléﬂ& to be

connecte arge area net wever nten renedy has

i ts own SBQMEEQ’I' o Elﬂ] tm §ra X}%efgithgﬁg egHrSMrJd seéoﬂf’i‘sjnetatl %y@r eg Sidall ot al
.i_

resi stance and nore FIS e via manu acturlng process. racti ce of

2ddi g TREG W A PLRG L 1@@»@@&1 bk el Yk efisiei ng the desi gn rule

[0015] In t ent an erndcap reser is added to an
i nterconnect |ine for
[0013] An improved test structure is needed that prevents vacancies in a bonding pad from

interfering with the rate of void formation at the bottom of a via and thereby enables a more

accurate determination of the via lifetime when device failure is expected to occur.

[0014] A commonly used method to offset the tendency for void formation in an
interconnect is to apply a design rule that allows more vias to be connected to large area metal
layers. However, this intended remedy has its own drawbacks since this type of design will lead
to a higher total resistance and more risk in the via manufacturing process. The practice of

adding more vias also increases the difficulty in checking the design rule.

[0015] In U.S. Patent 5,614,764, an endcap reservoir is added to an interconnect line for
extending electromigration lifetime and preventing void formation. However, the reservoir is not
placed between the interconnect line and an adjoining via and therefore does not prevent

vacancies from migrating within the interconnect to the via.

[0016] An alternative approach to mitigating the effect of electromigration is described in

U.S. 6,306,732 in which an imperfect barrier layer is employed at the bottom of a via with a
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extending electromgration lifetinme and preventing void formation. However,
the reservoir is not placed between the interconnect |ine and an adj oi ning
via and therefore does not prevent vacancies frommgrating within the
interconnect to the via. [0016] An alternative approach to mtigating the
effect of electromgration is described in U S. 6,306,732 in which an

i nperfect barrier layer is enployed at the bottomof a via with a -5
stronger barrier at all other portions of the via. Unfortunately, the
probl em of vacancy accumul ation on the upstream side of the via is not
prevent egronddd Brried ail BTheOptRGors BE the ¥RANNAESrtunglelyl the PFddldnbofvachaty ed t hat
overcones the driving force for vacancies in a large area netal |ayer to

m grate dceurhll@idARRith r&intlgde0df tie M & kel Rd ThihflinifiateddRekadea devi ce
performance. -6 SUVMARY OF THE | NVENTI ON [ 0017] A preferred enbodi nent of

the pres@ftieyRGhirMhROMLERS Re drBSlg Bick YSEERCE O a 18R 8MA B Y& to

resi stance that prevents or inpedes vacancies in a void reservoir from

m grat i Ngigtfe wolthCupérfdnlide/ofQf vidandi farn@a Coi@ BlaB idpeadéPidlick Qe [ 0018]

Anot her preferred enbodi ment of the present invention provides a nethod and
test structure for neasuring via resistance that does not underestimte
the lifetime of a via during reliability stress testing. [0019] Another
preferred enbodi nent of the present invention provides an interconnect
structure that is able to mnimze a stress induced voi di ng phenonmenon and
thereby inprove the reliability and product yield of a device having a
conducting | ayer connected to a via. [0020] Yet another preferred

enbodi ment of the present invention incorporates a protrusion



at one end of a conducting |ayer wherein the protrusion fornms a connection
to a via and has at |east one bending portion and extension to delay the
di ffusion of vacancies to the via. [0021] Yet another preferred enbodi nent
of the present invention provides a nethod for form ng an interconnect
with an inproved resistance to stress induced void formation. [0022]

Enbodi nents of the present invention include a via test structure with two
netal layers and a via that is fabricated in a dielectric |ayer on a
substrate. Conventional nethods are enployed to fabricate a first netal

| ayer which includes a first bonding pad that is connected by a first
netal | i SIEMMARYWORXHE INVERTION via and a second bonding pad that is

connected by a second netal line to the bottomof the via. The second
tal | l,ud [ te first
el | BTGB Rl P B b o h“%f’ﬁge%c%‘ac‘t’ﬁﬁ?r' ah

connect ed cond netal line .to 4 n£10023 The
first bo‘HEﬁSWé“ngé?j‘CF’ﬁ‘a'B‘ﬁéh"\‘ PRt P eéy%CF“‘ip? ‘U§é18 ’SSCEYBIW MEAPER to
t he bottom. of tﬂg via and the second bonding pad in the first netal |ayer
i s used PoVERIEP W@aWh%mVB¥YﬁﬁerF“m¥he bottom of the via. The first

bondi ng pad in the second netal |ayer is grounded while the second bondi ng

pad i n t[0e18]econgoiet gitfetréy@fibodimdns 80thé prestat RNeErtdR pidvRley O hiethge ard tefthe t op
of the wvia. [0024] An advantageous feature of the present invention is

that t hestifuttifel foehsG@pongres®iande thdtidB@&Sot tndefesrithdte e liddithessTaancdur@g al | ayers

have a wiring structure conprised of three segnents including a second or

m ddl e seEiBERY sivddk Gkrirgas a serpentine or bending pattern. The first

segnent of a first or second netal line in a first netal layer is conprised
tered pbelow the via while the first

of one e f a netal ne IS ce
segnent @&Sﬁh e ﬁnp I §f eg%gﬂ@%%etnép ths RrEsenkInVeiion provides an interconnect
structure that is able to minimize a stress induced voiding phenomenon and thereby improve the

reliability and product yield of a device having a conducting layer connected to a via.

[0020] Yet another preferred embodiment of the present invention incorporates a protrusion
at one end of a conducting layer wherein the protrusion forms a connection to a via and has at

least one bending portion and extension to delay the diffusion of vacancies to the via.

[0021] Yet another preferred embodiment of the present invention provides a method for

forming an interconnect with an improved resistance to stress induced void formation.

[0022] Embodiments of the present invention include a via test structure with two metal
layers and a via that is fabricated in a dielectric layer on a substrate. Conventional methods are
employed to fabricate a first metal layer which includes a first bonding pad that is connected by a
first metal line to the bottom of the via and a second bonding pad that is connected by a second
metal line to the bottom of the via. The second metal layer includes a first bonding pad that is
connected by a first metal line to the top of the via, and a second bonding pad that is connected

by a second metal line to the top of the via.



second nmetal layer is conprised of one end of a netal line and is centered

above the via. The first segnent of the first netal line in the first
netal layer is aligned along a first axis while the first segnment of the
second nmetal line in the first nmetal layer is aligned along a second axis
that is perpendicular to the first axis. The third segnent of a first or
second nmetal line includes the end of the netal |ine which contacts a
bondi ng pad. Each segnment of a netal line has a first width, a first

|l ength, a first thickness, and two ends. [0025] The m ddl e segnment of each

met al | ip0e23)n t M@e Wis@bdrdsilg pad iltGé HfsemefaClayieSusal td HPBta AREnt @B Bbiigm por ti on
and has a plurality or "n" nunber of subsegnents each having a length, a

second  y¥itRY Va arddl thé §esbndwnaiﬁﬁg§csm Rk st MBta NS is usAL® deRirhin®the Q¥RIgk aPpPi Ng
subsegnments fornms a bend wt an angle of about 45 to 1350 for a total of

(n - 1) fepslom dMhONE TRPRG BTRBhg phd A tHd LR SeAMBRE isRatinfddwehiRyRsegnent s
and one bending portion conprised of three segnents. I'n this exanple, a

first suRs&RMBAding PAdTR theAkQRE nitedl 1dyatis B3elio U&ermREE LA OR NG ENfle t O the
first segnent and a second subsegient has one end that "overlaps the other

end of tfieg first subsegnent. There -8 is a third subsegnent with one end
that overlaps the other end of the second subsegnent, a fourth subsegnent
wi th one end that overlaps the other end of the third subsegnent, and a
fifth sl@8&gnedn adratageousifeasys of the pisdne mventipnas thatbe fisigndecondssghent . The
fifth subsegnent is preferably formed along the first axis or along an
axi s parlkep &1the Grst #nel se¢ond mmegpk jayery haverpainiag seecone coremigedwb thige fegmeonect ed t o
one end of the third segnent, The bending portion is conprised of the
second, n¢lhding a savdnd guniddle segyapwkink Bastasatperting onbendirigipgherd. Alhetfigstt he fir st
axis. [0026] Alternatively, the m ddl e segnment nmay be conprised of four
subsegnesegmentof afiist br seednd nfetal dine gpbfregnesaltlayeoisrenhpased ofjore dndioa masal s has an
end connected to one end of the first

line and is centered below the via while the first segment of the first or second metal line in the

second metal layer is comprised of one end of a metal line and is centered above the via. The

first segment of the first metal line in the first metal layer is aligned along a first axis while the

first segment of the second metal line in the first metal layer is aligned along a second axis that is

perpendicular to the first axis. The third segment of a first or second metal line includes the end

of the metal line which contacts a bonding pad. Each segment of a metal line has a first width, a

first length, a first thickness, and two ends.

[0025] The middle segment of each metal line in the via test structure includes at least one
bending portion and has a plurality or “n” number of subsegments each having a length, a second
width, a first thickness, and two ends. Each pair of overlapping subsegments forms a bend with
an angle of about 45° to 135° for a total of (n — 1) bends. In one embodiment, the middle
segment has five subsegments and one bending portion comprised of three segments. In this
example, a first subsegment formed along a first axis is connected on one end to the first segment

and a second subsegment has one end that overlaps the other end of the first subsegment. There



segnent and a second subsegnent has an end that overl aps the other end of
the first subsegnent. A third subsegnent has an end which overl aps the
ot her end of the second subsegnent. There is a fourth subsegnent forned
along the first axis or on an axis parallel to the first axis that has an
end which overlaps the other end of the third subsegnent while the second
end is connected to the third segnent. The second and third subsegnents
forma bending portion that is not aligned along the first axis. In

anot her enbodi nent there is a plurality of subsegnments in the mddle
segnent @k tgRIbREmEREvifh dns Endhek SegR theBthicrlend biRSseandll sabepmeitddfoerts egment
has at | east one bending portion conprised of a plurality of subsegnents.
[0027] | gbssgheat wiadre ead thah@eflfiR I8 GthdrRME Bf the thirdshiRegidrerm0amE6EL St ructure
is fabricated by a danmascene process in which a first conducting |ayer is

fornmed i fibgghileAGhkat@lerRPOthebIHIPER of tHeGb@E subeghndiie The Wiith Gibsé@dent RCI ude an
etch stop layer on a substrate. A sequence that includes patterning,

et chi ng, pERRBE hinkia, aldH GhdfirSNRlsi of @loh® n Sli€PFalleb ot APIRYAE 4n@ nhabéctorat e t he
first conductlng | ayer, which is coplanar with the top dielectric layer in

the staclq wiig it b&bcteFQMILERd $1hd BYE SeghRnC ATRbEREEL Rrtich i @Jrﬂﬁlsé’d §@ndortion
having a first length, first width, first thickness, and a plurality of

si des anéicaldg{h%rdaalf&nm%wa AeriEHAe h&tagg&d aﬁﬁg%qarwaséfsh first -9
t hi ckness | east one %lng portion and two ends wherein one end is

connected to one side of the large area netal portion and the other end is
subsequel®?8) corieteByrly. sheamidilly seeryqst may by conpiised ofi fauraHpreamesy Braiy¢ng
second conducting layer are formed in a second sequence of patterning,
et chi ng, the@pd subssement frdedotlengea first a4y hgs arpend cpw@mﬁ tq ppegnd phde fisshhodi ment ,
the interconnect structure includes a protrusion with four overl apping
segnent sseamdnt@néa besaed swgsqgoent lop ae endghatouerlaps thewpthes engrad thesfirstonksegmentof t he
first

A third subsegment has an end which overlaps the other end of the second subsegment. There is

a fourth subsegment formed along the first axis or on an axis parallel to the first axis that has an

end which overlaps the other end of the third subsegment while the second end is connected to

the third segment. The second and third subsegments form a bending portion that is not aligned

along the first axis. In another embodiment there is a plurality of subsegments in the middle

segment of each of the first and second metal lines and each middle segment has at least one

bending portion comprised of a plurality of subsegments.

[0027] In embodiments of the present invention, the interconnect structure is fabricated by a
damascene process in which a first conducting layer is formed in a stack of one or more
dielectric layers which may include an etch stop layer on a substrate. A sequence that includes
patterning, etching, deposition, and planarization steps is employed to fabricate the first
conducting layer, which is coplanar with the top dielectric layer in the stack. The first
conducting layer is comprised of a large area portion having a first length, first width, first

thickness, and a plurality of sides and a protrusion with a second length, second width, first



segnent is connected to the large area portion of the first conducting

| ayer and the other end overlaps an end of the second segnent to forma
first bend. The first segnent is fornmed along a first axis. There is a
third segnent with an end that overlaps the other end of the second segnent
to forma second bend. A fourth segnent has an end that overlaps the other
end of the third segnent to forma third bend. The fourth segnent is
preferably forned along the first axis or on an axis parallel to the first
axis. The second end of the fourth segnent is connected to the bottom of a
vi a t hatha@hes, A6lea oVl L PErtis € el oGadtWEdéingnd EMas conhét@edaB B g ¢rorti on
is conprised of the second and third segnents and each bend is forned at

an angl emefar@dit méfl poRiok Akd th_[eQ%S&ndlmsmbee_tqu@rn@tchﬁﬁec@a‘@@@lbimemsrpicamp,eme _
protrusion connected to the first conducting layer includes a plurality of

"n"overy;gaRii HHvERERERSnERaMuBAY )& e fokmhad intafsieéaﬁa@&%e@e@f Bliteh st hone
. e

bendi ng portion conprised of three or nore segnents or exanple, t

prot r usi QfhifR Yedodibn, ahd ¥BnsLEFRAPS and a bending portion conprised of three
segnents. The first three segments are forned as descri bed above. One end

of the fourth segnent overlaps the other end of the third segment to form
a third 98281 Thepnothes embadimens, thepipEspnnest strickise BakdesarrotEFon Wibfoume ot her
end of the fourth segnent to forma fourth bend. The fifth segnent is
formed a®\§HEPPiNgsegmenss andyoing bendingzpoging campesed ©f e wements.t @ng ped ¢fjthesfirsigxj s
and has a second end that is connected to the bottomof a via wth an
over | yi ngemertoyronessirdue theryjes arpaportiathef theefvdi eogdysding lager and theypdes endhe second,
third, -10 and fourth segnents. The total length of the protrusion is
equal t ooveHepseorhd plghie seconsk sagmént thiermadysidands Vieifich s¢gmepr isfarmad klpnge eat er
t han about 10 mcrons. There are at |east two nore segnents in the
pr ot r usi fant axisarTheng iwa thad dégmgnpwith aroendghad ogertahs the thei endfod thesecoad segmeangl e of
about 45 to 135.

to form a second bend. A fourth segment has an end that overlaps the other end of the third

segment to form a third bend. The fourth segment is preferably formed along the first axis or on

an axis parallel to the first axis. The second end of the fourth segment is connected to the bottom

of a via that adjoins an overlying second conducting layer. The bending portion is comprised of

the second and third segments and each bend is formed at an angle of about 45° to 135°.

[0029] In yet another embodiment, the protrusion connected to the first conducting layer
includes a plurality of “n” overlapping segments each having a first thickness and at least one
bending portion comprised of three or more segments. For example, the protrusion may have
five segments and a bending portion comprised of three segments. The first three segments are
formed as described above. One end of the fourth segment overlaps the other end of the third
segment to form a third bend. There is a fifth segment with an end that overlaps the other end of
the fourth segment to form a fourth bend. The fifth segment is formed along the first axis or
along an axis parallel to the first axis and has a second end that is connected to the bottom of a

via with an overlying second conducting layer. The bending portion includes the second, third,
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[0030] In still another enbodinment, the protrusion is further conprised of
at | east one extension at the end of a segnent that el ongates a segnent
beyond a bend and is conprised of the same nmaterial as in the first
conducting | ayer. Preferably, an extension has a second width, a first

thi ckness, and a length that is less than the length of the segnent to
which it is attached. [0031] In yet another enbodinent, the protrusion is
further conprised of an extension on each end of a segnment. For exanple,
the third segnent may have an extension on the end at the second bend and
an ext engidd@surtisegiientE Mheadtall gyl 6 thelpb@iibon iOp§uabdahd gombied Gerg@nFii@n may be
formed on each end of a segnent at a bend. For exanple, there nmay be an

ext ensi oRgMentt WRicERrefBifably Resafkee 6N dbsi J0RItro! ThEe afaet Rad rhendrand an
extension on the third segnment at the second bend. In other words, there

is a ”B-ijeghléﬂt@fmh@ﬁro@ﬁsi(%(tﬂarrin%)beﬁﬁx%%ﬁii&%d%ﬂclﬁﬁn@@@ﬁﬁeﬂ%ﬂ&néﬂ febr " N"
segnents and (n - 1) bends. -] 1 B F DESCRI PTI ON OF THE DRA&VNGS [ 0032]

For a mjygui3PR] gise under standi ng of the present invention, and the
advantages thereof, reference is now made to the foll ow ng descriptions
taken in conjunction wth the acconpanying draw ngs, in which: [0033] FIG
1 is a dO8YY- seén stidpapthgr empodimest, dhsrpretnisionnnfurthercompairdetat leask et ure with a
via between two conducting |layers and a void defect forned bel ow the via
in the fexfegsior aibuendiahg segmppkthat dlggaiey a mementbeyend hepd aptbigmowprisad 8Epi ct i ng
a conventional four port Kelvin via test structure that includes bonding
pads andhergame materipdas nphe firstepdusting lByer. Preferablpopsktemyiqy hag ajseroad wesish, down
view of the via test structure of a preferred enbodi nent of the

first thickness, and a length that is less than the length of the segment to which it is attached.

[0031] In yet another embodiment, the protrusion is further comprised of an extension on
each end of a segment. For example, the third segment may have an extension on the end at the
second bend and an extension on the end at the third bend. Optionally, an extension may be
formed on each end of a segment at a bend. For example, there may be an extension on the end
of the second segment at the second bend and an extension on the third segment at the second
bend. In other words, there is a maximum amount of 2(n — 1) extensions in an embodiment with

[T

n” segments and (n — 1) bends.
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present invention that includes bonding pads and netal lines that are
connected to a via and which is used to obtain resistance neasurenents.
[0036] FIGS. 4 - 5 are enlarged top-down views of the center portion of
FIG 3 that depict the serpentine shape of the mddle segnents of the
nmetal lines that connect the via to the bonding pads. [0037] FIG 6 is a
cross-sectional view showing a first nmetal line in a first netal |ayer and
a first metal line in a second netal |ayer according to the via test
structure of a preferred enbodinent of the present invention. [0038] FIG
7 is a cross-sectional view froman angle that is perpendicular to the
Cross- SERIEFOESCRIPEION OFAIHE DRAWINGShows a second netal line in the first
netal |ayer and a second nmetal line in the second netal |ayer according to
a first diment. -12 [0039] .FIG.8a is a top-down Vi of a via that is
formed d0Be | EPtimart SahRB et fgimicyabe eabpration gnd B 3 dbioun vi ew
show ng nnected to.a |large area, conducting

i d | Or
| ayer iﬁﬁ%{\ééf???}ege:"gﬁﬁgg’trg Eﬁ&‘%ﬁl@%ﬂ[g&%ﬁ‘ﬁlp“ﬁ%’ke@ in conjungiion WiththGi ng a shift

in resistivitﬁ for an |ntercgnnect having a via formed directly above a
| ar ge ar¥SETRIAY0R diaNdresd) &MBonpared with an interconnect having a via
formed over a protrusion connected to a | arge area conducting | ayer.

[0041] HDE33]110 FBG.4 iSh 69Ss-&e@dnaDA&d o¥i edtverftiodalflihte@bnreaneiu@tiengtnl aayer f or med
on a substrate according to the interconnect structure of a preferred

enmbodi meRtwesh twhongi @mg Myeds AME V610 Qefect] fOREAIbeloWChe Wid ir the first BRIGAMR Vi ew
showi ng a protrusion having four overl appi ng segnents and one bendi ng
portion jggaprised of two segnents in a first conducting layer according to

[0034] FIG. 2 is a top-down view depicting a conventional four port Kelvin via test structure

that includes bonding pads and metal lines that connect to a via.

[0035] FIG. 3 is a top-down view of the via test structure of a preferred embodiment of the
present invention that includes bonding pads and metal lines that are connected to a via and

which 1s used to obtain resistance measurements.

[0036] FIGS. 4 - 5 are enlarged top-down views of the center portion of FIG. 3 that depict
the serpentine shape of the middle segments of the metal lines that connect the via to the bonding

pads.

[0037] FIG. 6 is a cross-sectional view showing a first metal line in a first metal layer and a
first metal line in a second metal layer according to the via test structure of a preferred

embodiment of the present invention.

[0038] FIG. 7 is a cross-sectional view from an angle that is perpendicular to the cross-
sectional view in FIG. 6 and shows a second metal line in the first metal layer and a second metal

line in the second metal layer according to a first embodiment.
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anot her preferred enbodi nent of the present invention. [0043] FIG 12 is a
t op- down vi ew show ng a protrusion having five overl appi ng segnents and
one bendi ng portion conprised of three segnents in a first conducting |ayer
according to yet another preferred enbodi nent of the present invention.
[0044] FIG 13 is a cross-sectional view of the interconnect structure in
FIG 12 after a via and overlying second conducting |ayer are forned above
the | ast segnent in the protrusion according to a preferred enbodi nent of
the present invention. [0045] FIG 14 is a top-down view of the wiring
struct ure03? Fl E1G.Balis moplloan vi2xst @asimatdn forteEoend ladde drdvcosdtingllagagnent .
[0046] FIG 15 is a top-down view of the wiring structure in FIG 12 with

an ext engid G b is & aphdodmdicw shdwirdyi o da f2@BE6 a profrasiéohhdcEd tDEBIY /dd ON OF
| LLUSTRATI VE EMBCDI MENTS [ 0047] The present invention relates to a wiring

structur@mHMﬁhgn@gqhgpﬁ@y@ﬂn&@gﬁﬁﬁﬁmce to stress induced void formation
and is also a nethod for formng the sane. The drawings are provided by

way of exanple and are not intended to ljmt the scope of the jnvention.

For ex a[%‘f t KEPa5 P BIOS showdngethelt (R resistyty fRs ap ﬂ'&W‘?@E‘“é‘P\é‘“W)Y iafrmed sar i | y
drawn to scale. Avia test structure that includes the wiring structure of
t he presHisetly %h?ém 1apgs area ceBdicHPHlaYericAMPHEd ith ap intEeARBeSt heite 2 R ETIEY | ng
structure is incorporated into an interconnect as described in the second
t hr ough %€F 3 FOBRBRILIORBIGCS (o f lrgrarcafipaiicipmlaypp048] In the first enbodi nent
depicted in FIGS. 3 - 7, a via test structure formed on a sem conduct or

subst s at[@ody USELh 0 iIBaSH Letndl Vi&s b ARCONANTing: RyBAbth@Wnarhysudgef ul  for
provi di ng

according to the interconnect structure of a preferred embodiment of the present invention.

[0042] FIG. 11 is a top-down view showing a protrusion having four 6verlapping segments
and one bending portion comprised of two segments in a first conducting layer according to

another preferred embodiment of the present invention.

[0043] FIG. 12 is a top-down view showing a protrusion having five overlapping segments
and one bending portion comprised of three segments in a first conducting layer according to yet

another preferred embodiment of the present invention.

[0044] FIG. 13 is a cross-sectional view of the interconnect structure in FIG. 12 after a via
and overlying second conducting layer are formed above the last segment in the protrusion

according to a preferred embodiment of the present invention.

[0045] FIG. 14 is a top-down view of the wiring structure in FIG. 11 with an extension on

one end of the second segment.

[0046] FIG. 15 is a top-down view of the wiring structure in FIG. 12 with an extension on

each end of a third segment.
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a nore accurate determnation of the lifetine of a via during a reliability
stress test. The present invention also provides for a nethod that enploys
the novel via test structure to determne via resistance during a
reliability stress test. [0049] Referring to FIG 3, a top-down view of the
via test structure of a preferred enbodinent of the present invention is
shown. Via test structure 41 is fabricated on a sem conductor substrate
(not shown) which is typically silicon but may al so be based on ot her

sem conductor materials used in the art. The via test structure 41 is
formed in layer 28 that may be either a honpbgenous |ayer or may include
one or MEBAREChDESCRIPTIONIOE, ILLUSTRATIVE EMBODIMENT®| ectric | ayers, and one
or nore cap or passivation layers. Individual dielectric Iayers within the

di el ectr ayer., 28 ar de |cted i.n order t QCcus ent | n the
desi gn OLIP&%JA rl"{‘ne PreseInF m&néﬂow T el:s nto tal,gvelrm stru turet tgegthlgil I pr@ve& E‘fls ani 4t8[ 0050]
Cbnventl tal .l ayer which

nel ludle 2% idled V%fiF?ail"ﬁtgo"paaa D i1gethS fé&%)ﬁf&mﬁilhedsaﬁét @Ed?zvmg-fﬁéebf. 't
N ou iirgyiecdin W' of Brantpid ST At dergled el the Strg A ire TRenel BV o1 T ot o

and the |like. The bon% 9 gad 2@1(@ connected to t@& bott om of via 29 by
a first SXAwPlythe yaqious ny withia therqrawings ?rﬁ“?tﬁ’ﬁcqsfaf drﬁ’é’ﬂéﬂ“i“&yé‘rv‘a ¥tle via
29 has a to botto a.wdth, a ei and Sld wal |l s first netal
line is %‘BFFSWE%H‘CLPCS{T‘}QF é’g‘@égﬁ‘éﬁ&%"f&)‘?‘*’ Fredf igventiqn is ?Sc“‘%egdﬁgﬁ%f Tnot shown)
bel ow the via 29, a second or m ddl e segnent 24 that has a serpentine

( bendi ngdMY94tmeat nTherEng,StusjuFeis %g&?@fﬁedﬂomﬂéﬂcweqtﬁs ESREEEEN WEt h t he

bondi ng pad 21. The bondi ng pad 22 is connected to the bottomof the via

29 by a Sevdrirongh fih q"i‘*%‘?é‘"%ﬂ“ésd’ff‘?ir‘ﬁ‘@ﬂ“‘i’% the first netal layer. The
bondi ng pads 21, 22 are preferably fornmed along a first axis X1 that passes

[0048] In the first embodiment depicted in FIGS. 3 — 7, a via test structure formed on a
semiconductor substrate is used to measure via resistance and is particularly useful for providing
a more accurate determination of the lifetime of a via during a reliability stress test. The present
invention also provides for a method that employs the novel via test structure to determine via

resistance during a reliability stress test.

[0049] Referring to FIG. 3, a top-down view of the via test structure of a preferred
embodiment of the present invention is shown. Via test structure 41 is fabricated on a
semiconductor substrate (not shown) which is typically silicon but may also be based on other
semiconductor materials used in the art. The via test structure 41 is formed in layer 28 that may
be either a homogenous layer or may include one or more etch stop layers, one or more low k
dielectric layers, and one or more cap or passivation layers. Individual dielectric layers within
the dielectric layer 28 are not depicted in order to focus attention on the design of the metal

layers within the via test structure 41.
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t hrough the m ddl e of the bonding pads 21, 22 and al so passes through the
bottom of the via 29. [0051] The second netal line is conprised of a first
segnent (not shown) below the via 29, a mddle segnent 27 that has a
serpentine pattern, and a third segnent 26 which abuts the bonding pad 22.

Note that the first segnent of the first nmetal line and the first segnent

of the second netal line may both be enbodied in a single netal feature.
Each nmetal line and a segnent within a netal |ine has two ends, a width, a
| ength, and a thickness. The third segnment 26 of the second netal line in

the firg0osmt al Coayedtional RE@bEHErY eripiSyddno &risdids Gigimbiablayd ashichGhglude 6C
al t hough ot her designs are acceptable. In the exenplary enbodi nent, one end

of the EhHAGHEPid DbmdiaSeond Beithati Q2 AThefdt ﬂétatlbﬁrmtw&ﬂly&emﬁﬁm 27 and
is formed along a second axis Yl that is perpendicular to axis X1. The

axis X1 df@bﬁfé BsiloptidiaBy a4l Be W, arAlAHQNOR A0 Mefhctdry Snetdl bAmEdl compBuiliRS egnent
26b abuts the subsegnent 26a and is forned along an axis that is

per pendi gahiaflicide, Maitke 1Mek: ﬂ@sorw%ﬁﬁg@mco%@&teabmh% bbiém gpQJasgaeTﬂs fisPb on

one end and adjoins -15 the bonding pad 22 on the other end e length of

subsegnenl s 176 ®at RARo fGAed & e Efs?fn%{aﬂfa&éf TAL 9409 had Lrop s BHLEMORRidtH, at O 10
mcrons, and | to 10 mcrons, respectiveiy. [0052] Conventi onal nethods are

used to ﬂe‘?éﬁf 'aﬁ@glge\@al@ e‘f"msm&@lllmle @syc%rmp'h@@itof'tl'i}gé y:gﬁéntg %m“ 'aﬁ a ﬂ?ra a first
bondi ng pad 30, and a second bondi ng pad . The Second netal layer is

LYP o bemERTRE LR Bliof RARK 2éjld§edm¥opﬁld\ﬁ\{e s%&ltéﬂhaaﬂdsgxﬂﬁéhpeke The

refractor conpoun I clde

Subst ant oy PR P %EEE%@"%“V%R”%%%fﬁg&ﬁﬁﬁéﬂé oIS 3o the top
0f, Lhe a8 ph> By chiedla MERAledob A\ 24 6 FOBI A8GH 1L R0 irhsd pagoen

34 above l'e” seg serpentine pattern, and

a third RSt rT[layerz "I'}Qe})tonéhﬁg szis 9% %aaré pr\é\qfera}%l);[ %mepdo onlgr%gﬁraaams%a that passes

through the middle of the bonding pads 21, 22 and also passes through the bottom of the via 29.

[0051] The second metal line is comprised of a first segment (not shown) below the via 29,
a middle segment 27 that has a serpentine pattern, and a third segment 26 which abuts the
bonding pad 22. Note that the first segment of the first metal line and the first segment of the
second metal line may both be embodied in a single metal feature. Each metal line and a
segment within a metal line has two ends, a width, a length, and a thickness. The third segment
26 of the second metal line in the first metal layer preferably has three subsegments 26a, 26b,
26¢ although other designs are acceptable. In the exemplary embodiment, one end of the
subsegment 26a is connected to an end of the middle segment 27 and is formed along a second
axis Y1 that is perpendicular to axis X1. The axis X1 intersects the axis Y1 at the bottom of the
via 29. The subsegment 26b abuts the subsegment 26a and is formed along an axis that is

perpendicular to axis Y1. The subsegment 26c abuts the subsegment 26b on one end and adjoins
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The bonding pad 31 is connected to the top of the via 29 by a second net al
line which is conprised of a first segnent 34 above the via 29, a mddle
segnent 36 having a serpentine pattern, and a third segnent 35 that
adj oi ns bondi ng pad 31. The first segnent 34, middle segnents 33, 36 and
third segnments 32, 35 are also forned in the second netal |ayer. The
bondi ng pads 30, 31, 21, 22 typically have a wdth of about 20 to 100

m crons and a length from about 20 to 100 microns. [0053] The bondi ng pads
30, 31 are preferably forned along a third axis X2 that is parallel to the
first axh&bofldingae 22 bi thd othet EndXThp &BgMSf billbsetiidntsi 168, 2WbdzHcardirefelaplybondi ng
pads 30, 31 and also passes through the top of the via 29. The third

segment a5utof tot1D@ni&BRHMEb MBhRkonk e 11t 10 hkeroseroneiivept al | ayer preferably
has t hree subsegnents 35a, 35b, 35c. One end of the subsegnent 35a is
connected to an _end of the m ddle segnent 36 and is forned along a fourth

axis Y2 OfRA is CobYe@f' bB‘FS?O‘ﬂfeq"i)%ﬂ fCigprigate 3seggndaneial layppbatpgludeyshe via
intersects the axis X2 at the tg? of the via 29. The subsegnment 35b abuts
t he subs@ghbrtt baninepad 39.end aserend banding Pad 3hxThe erend medal pyepepiellyar to
axis Y2. The subsegnent 35c abuts the subsegnent 35b on one end and adj oi ns
t he bondioftprisediod coppgr but msy be Mb agtAlkm allay Alrhefpepgypsal of metabcompededydent s
35a, 35b, 35c are about 1 to 10 mcrons, | to 10 microns, and | to 10
m cr ons, Metelsyiside] and|the likeodha pecprd Hetalklpyes pseferablyt But ppigtecesparils forared @y, t he
m ddl e serpentine segnent may be omtted fromthe first and second netal
| i nes of subfigntigBy: ha dameematerigl a\fbe bqndimg padé 89 isgonepsted sedataptes theada Yy 86 nay be
omtted). In yet other enbodi nents, serpentine segnents 33 and 36 may be
enpl oy edirstongtaliing thakis semprased phe firsbspgmants342hoeeritie 97 28fa midalefsegment fet al | ayer
may be omtted. [0055] Referring to FIG 4, this drawing is an enl arged
t op- downhayingw serperttine pgstarn, iandha third B¢gBent 32 that is in contact with the bonding pad 30.

The bonding pad 31 is connected to the top of the via 29 by a second metal line which is

comprised of a first segment 34 above the via 29, a middle segment 36 having a serpentine

pattern, and a third segment 35 that adjoins bonding pad 31. The first segment 34, middle

segments 33, 36 and third segments 32, 35 are also formed in the second metal layer. The

bonding pads 30, 31, 21, 22 typically have a width of about 20 to 100 microns and a length from

about 20 to 100 microns.

[0053] The bonding pads 30, 31 are preferably formed along a third axis X2 that is parallel
to the first axis X1. The third axis X2 passes through the middle of the bonding pads 30, 31 and
also passes through the top of the via 29. The third segment 35 of the second metal line in the
second metal layer preferably has three subsegments 35a, 35b, 35c. One end of the subsegment
35a is connected to an end of the middle segment 36 and is formed along a fourth axis Y2 that is
preferably perpendicular to axis X2. The axis Y2 intersects the axis X2 at the top of the via 29.
The subsegment 35b abuts the subsegment 35a and is formed along an axis that is perpendicular

to axis Y2. The subsegment 35¢ abuts the subsegment 35b on one end and adjoins the bonding
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3 that lies wthin the dashed lines that forma box B. The first nmetal |ine
inthe first netal layer includes the first segnent 40, m ddl e segnent 24,
and third segnment 23 and connects the bottom of the via 29 with the
bondi ng pad 21. The first segnment 40 includes one end of the first netal
line and is centered below the via 29. The first segnment 40 is connected on
the other end to an end of the m ddle segnment 24. The third segnent 23

i ncludes the other end (not shown) of the first netal line and is
connected on the second end to the other end of the mddle segnent 24. The

first seggasmion4e ottiee eiid) €THe Mdngths SE@BEIHseghtenty 35he35BDE ¢ didarautal t6i1dt h w, of
about 0.5 to 10 mcroens. The length of first segment 40 is the distance

al ong t hficfonk,Stto 3B inficrdds, ¥ I 10SmivYons, FdBectiv@igt h of the third segnent 23 is
about 0.5 to 10 microns. [0056] An advantageous feature of the first

enbodi ne st u re of the m ddl segnents which are conprised of
a plural {'ifhof E]'h“’tE E‘E’P‘gfﬂ‘ﬁl“ﬁé"oé UBsEyFRnts Serpgwrﬁ:gsegwt maNEE, a | ength,
and a thickness that is equal to the thickness of the first and third
segnment sOMifedfr O'HEFJFS‘Iaf‘ﬁ‘]éecml‘%m?‘ﬁ’e'"‘é%%‘ﬁ? seegndemeialdryee Af opieLVordedesments G 4,

a mddle segnent has five subsegnents and forns one bendlngﬁgortlon For
exanmpl e Pr@d 3 may be ewiedhtIn yet gk embediments, serpp g segment A3 andyd BRY P& or med
along the first axis XI and has one end which adjoins one end of the first
segnent “ploysd.dwEmifldlesgrpsaiisspgmout24dnd B 7 ofhe dind snekpd lyerraaydisomitiesk  over | aps

the -17 other end of the first subsegnment 24a to forma first bend with an

angl e Oljpudsich RefeRirgfi6 FRIl4Y thisaAkihg A2nteRlalsda topPdvil Vidly kRS pEHIBNGf BAC has

one end that overlaps the other end of the second subsegnent 24b to forma

second bepg 1 WRhASRGhR 1As WY 68 b BoxPB €T 3N YneBR M infiR £t meta): la er

Li kew se, a fourth subsegnent 24d and a fifth subsegment 24e overl ap a

pr ecedi n9c1§d@@%9ﬂ§@£gmetn946 Qi Eeg;,fén@mamuﬁ& ELoRRAAS HA¥LRERRbERoM3 and

04, respectively, which are preferably about
of the via 29 with the bonding pad 21. The first segment 40 includes one end of the first metal

line and is centered below the via 29. The first segment 40 is connected on the other end to an
end of the middle segment 24. The third segment 23 includes the other end (not shown) of the
first metal line and is connected on the second end to the other end of the middle segment 24.
The first segment 40 and the third segment 23 preferably have a width w, of about 0.5 to 10
microns. The length of first segment 40 is the distance along the first axis X1 which is w,. The

length of the third segment 23 is about 0.5 to 10 microns.

[0056] An advantageous feature of the first embodiment is the structure of the middle
segments which are comprised of a plurality of “n” overlapping subsegments each having two
ends, a length, and a thickness that is equal to the thickness of the first and third segments in a
metal line. In the exemplary embodiment pictured in FIG. 4, a middle segment has five
subsegments and forms one bending portion. For example the middle segment 24 has a first
subsegment 24a, which is formed along the first axis X1 and has one end which adjoins one end

of the first segment 40. A second subsegment 24b with two ends has one end that overlaps the
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45 to 135. The fifth subsegnment is preferably fornmed along the axis X 1 or
along an axis parallel to the axis X1 and has one end that overlaps an end
of the fourth subsegnment 24d while the other end overl aps and adj oi ns an
end of the third segnment 23. The bending portion is conprised of the
subsegnments 24b, 24c, 24d. Note that the m ddl e segnent 24 has two nore
subsegnents than in a bending portion. [0057] Those skilled in the art wll
appreciate that other designs for a mddle segnment are possible. For
exanple, there may be 4 subsegnments in which a first and fourth subsegnent

are fordrg ead 6MNge ARt AbbegnichialdaitdoideBstdeid Wil asagRENtwhidhiis pree®pnd and
third subsegnents forma bending portion. Alternatively, there may be a

Pl ural i t3poff458 WPEBAMRMIRI Jubse@mBRrpdL ek dRTehd Bt SvaAkps thedther eh€oihaRBo an
arc. However, in an enbodiment with a plurality of "n" subsegments, the

m ddl e Ss%ﬂ&?ﬂn%nt%lgf(cﬁfoﬂgla¥eé3ﬁ§ é”d Vl’lﬁ‘laa?ltang ) Wﬂfcﬁ pl’ e?g‘%ﬂ%ﬂft 4%1“ nlBB‘m a

bendi ng portion because the |rst subségnment an e nth

subseg ev%gﬁgffggfg%s%ggm zw&ndsa[a@%@?@ﬁ%ﬁt owrfagofp%%gmg;ub Shefi ©_not

i ncl ude ortion ortion eco et a

line in t t r .t hat ryred al on ! i ncl udes
tho ri v emyetind b perdl Bhatebls: S i Tireriee: SEhaR P Suty ARk onnect s
t he botton1of the via 29 with the bondjn ad 22. The first segnment 40 is
cent er ed et bt REE T ubsRgmERt iy Befarthu PTBFOUPHLF X% Ad OBHERE Fect s Lo one
end of the mddle segnent 27. One end of -18 the third segnent 26a i

connect eRfrlis! orke FisE} andrus oite and dhagpirdlers Aegrehthe f?“”h'FH'éSCS‘H?‘P d4d uhke nt 26a
has a width wl of about 0.5 to 50 microns and a_|length that is about 0.5 to
50 mi cr oifig other eyd gygriaphandrpdioins s Pl he Hird drFrast 23tﬂ?§ bendiag RoriYent 27 has

five subsegnments including a first subsegnent 27a which is fornmed al ong
t he secofanPaisgdol Ve syhgemarts &He 244 d4d. Note that the middle segment 24 has two more

subsegments than in a bending portion.

[0057] Those skilled in the art will appreciate that other designs for a middle segment are
possible. For example, there may be 4 subsegments in which a first and fourth subsegment are
formed along an axis that includes a first segment while second and third subsegments form a
bending portion. Alternatively, there may be a plurality of subsegments in a bending portion that
form the shape of an arc. However, in an embodiment with a plurality of “n” subsegments, the
middle segment preferably has at least two more subsegments than in a bending portion because
the first subsegment and preferably the nth subsegment are formed along the same axis as a first

segment and are not included in the bending portion.

[0058] The portion of the second metal line in the first metal layer that is formed along the
axis Y1 includes the first segment 40, middle segment 27, and third segment 26a and connects
the bottom of the via 29 with the bonding pad 22. The first segment 40 is centered below the via

29 as described previously and also connects to one end of the middle segment 27. One end of

18-



whi ch adj oins one end of the first segment 40. A second subsegnent 27b with
two ends has one end which overlaps the other end of the first subsegnent
27a to forma first bend with an angle 01 that is fromabout 45 to 135. A
third subsegnment 27c has one end that overlaps the other end of the second
subsegnment 27b to forma second bend with an angle 02 that is from about 45
to 135. Likewi se, a fourth subsegnent 27d and a fifth subsegnent 27e
overlap a preceding subsegnent to formthird and fourth bends havi ng
angles 03 and 04, respectively, which are from about 45 to 135. The fifth
subsegnené thir@ sgn@heraiil yorhesterd tidd @Rg ehdef thx ingdd¥lsegiera BN Thethird Xdgtent
parallel to the axis Y 1 and has one end that overlaps an end of subsegnent

27d whi | ®athhea @idaew, ofeBeutdd ©is0mitldss dndiarlehgBe@aEinhbodbas td X0 mifuak.| y, ot her
designs for the m ddl e segnent 27 are possible as described previously for

the md egnment 24. [ 0060 n th nd met the first neta
line thijf’s%’j {Tg'té’e&‘e“% YFE“L Mgt At egmﬁi’@&ﬂ’ésé GWBIFEMSHS and third
segnent 32 connects the top of the via 29 with the bopdi ng pad 30. The
first sefrietipe ?,EISF ?ﬂ?ﬁqmgt 4evhitis Bormeddons | ‘ihEtseCPrEFi 3t ¥ | Ashanans S9cent er ed
above the via e first segnent 34 has a second_end that is connected
to one emclb?dwh%ormeaéjp%thg&@fr@ﬁsfneg@o Arteondupsgeaerf 2 tvith SWe frds et he

ot her end (not shown) of the first metal |line and has a second end

connect e tichfyerips dhe ashrg et ofthreling yhtcemerigifa i fogn a s berd; yish ansdglient 34
has a wwdth wi and a length along the third axis X2 which is wl. The third
segment thakatds fegngatipuipdS° daad3%. IAeihgg bubsegimeabisthagom: ang timooygarlapsgheother1 9 [ 0061]
The m ddl e segnents 33, 36 are conprised of a plurality of "n" subsegnents
each haandnf thewecoed slebse gmene2itpith forarakeepridibendkwels sn drigdet 0,itkat &cftrah ationt 447e

t hi ckness of the first and third segnments in the second netal layer. In

t he exenpliasy ERDOEE AFaIrth subRghitid7e asEOAEMiubSegnie@as27e overlap a preceding

subsegment to form third and fourth bends having angles 83 and 64, respectively, which are from
about 45° to 135°. The fifth subsegment is preferably formed along the axis Y1 or along an axis
parallel to the axis Y1 and has one end that overlaps an end of subsegment 27d while the other
end adjoins the third segment 26a. Optionally, other designs for the middle segment 27 are

possible as described previously for the middle segment 24.

[0060] In the second metal layer, the first metal line that consists of the first segment 34,
middle segment 33, and third segment 32 connects the top of the via 29 with the bonding pad 30.
The first segment 34 includes one end of the first metal line and is centered above the via 29.
The first segment 34 has a second end that is connected to one end of the middle segment 33.
The third segment 32 includes the other end (not shown) of the first metal line and has a second
end connected to the other end of the nﬁddle segment 33. The first segment 34 has a width w;,
and a length along the third axis X2 which is w;. The third segment has a width w; and a length

of about 0.5 to 50 microns.
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five subsegnments including a first subsegnent 33a, which is forned al ong
the third axis X2 and has one end that adjoins one end of the first
segnent 34. A second subsegnent 33b has one end that overlaps the other
end of the first subsegnent 33a to forma first bend with an angle 01 which
is fromabout 45 to 135. A third subsegnent 33c has one end that overl aps
the other end of the second subsegnent 33b to forma second bend with an
angle 02. A fourth subsegnent 33d and a fifth subsegnment 33e overlap a
precedi ng subsegnent to formthird and fourth bends having angles 03 and

04, resp@oéi]vel The MikilaRgmess 8% 36 aldeonipsddo?Mpabaly o :” sebsdgdfentsldaen fi ft h
subsegnent is preferably forned along the axis X2 or along an axis parallel

to axis pinghdoBAR, a @i}@h,@ﬂa alifi@ne QR iPH8a1a8 R MMlclakss JTenesiiisag At 33d
while the other end adjoins the third segnent 32. Optionally, other

desi gns fephmehthfn (18 Qdbif rﬁ&ﬂ"ﬂz?)@k B3nexemBRES i Rirfhe, dRSHIdiREL ey RiSI y for
the m ddl e segnent 24. [0062] The portion of the second netal line in the

second nglalbdeg¥Elts [nBRbInk 3 fhQSMRE MNP I, whidh iBited Worlghd HEE Sxil RS afd T St
segnent 34, mddle segnment 36, and third segnment 35a and connects the top

of the Vlina§ oge_ger}ﬁitflzn aﬁjbgls BQ@Q{g%t&f}“ﬁstﬁ meht'84.f A sééon@ﬁg) n%bilﬁs GRUhE" ed

AL
above the via 29 as described previously and Is connected to one end of

(1o DS AT P S0 e B ST S A RRES 5
A . i 0,5 50 m . [0063] I
ol Sy e Aoty L S0 o LSO S 00 L90RS) oL SEETRL Y

enbodi nen

subsegnent . 36a ich is formed al on he fourth axis and has one end
whi oh i ghe e aouEREngE P P & beclubin o an sndtE e ok Sl BERERT 36b wi t h

two ends_has one -20 end _which overlaps the other end of the first
subsegnedid 238 fifth seRsegment fq averlppmprechding subsegmeyt & form third and fourth bends

having angles 0; and 0, respectively. The angles 0, - 0, are from about 45° to 135°. The fifth
subsegment is preferably formed along the axis X2 or along an axis parallel to axis X2 and has
one end that overlaps an end of the subsegment 33d while the other end adjoins the third segment
32. Optionally, other designs for the middle segment 33 are possible as described previously for

the middle segment 24.

[0062] The portion of the second metal line in the second metal layer that is formed along
the axis Y2 includes the first segment 34, middle segment 36, and third segment 35a and

connects the top of the via 29 with the bonding pad 31. The first segment 34 is centered above
the via 29‘ as described previously and is connected to one end of the middle segment 36. One
end of the third segment 35a is connected to the other end of the middle segment 36. The third

segment 35a has a width w; and a length that is about 0.5 to 50 microns.

[0063] In the exemplary embodiment, the middle segment 36 has five subsegments
including a first subsegment 36a which is formed along the fourth axis Y2 and has one end

which adjoins one end of the first segment 34. A second subsegment 36b with two ends has one
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01. A third subsegnent 36c has one end that overlaps the other end of the
second subsegnent 36b to forma second bend with an angle 02. Likew se, a
fourth subsegnent 36d and a fifth subsegnent 36e overlap a precedi ng
subsegnment to formthird and fourth bends having angles 03 and 04,
respectively. Angles 01 - 04 are about 45 to 135. The fifth subsegnent is
preferably formed along axis Y2 or along an axis parallel to the axis Y2
and has an end that overlaps an end of the subsegnent 27d while the other
end abuts the third segnent 26a. As previously indicated, other designs
for the dxdadich ovexdHpe e oBifer afido MRSk uBsegmefIB6h fvdli @ fist péndrvaith dnyangle
over |l appi ng subsegnents and at | east one bending portion. [0064] It is

under st ond At ARd sudi&ment THcdEd SneTRE RN verSpROBIhErSRd oPfhe BeddhdifudbdgénOf "N
over | appi ng subsegnents, that (n - 1) bends are fornmed and one end of the

first s %%‘?(9 Fg?lma siecgond %Qr(hr@]ﬁ'f atq]gan%ﬁ Gtz.h “iuIeéJls%F a ﬁ)%g%%ﬁ%ﬁgnt ?6(92[?)@ am. of the

nt h subsegnent is connecte e‘thir Segnent . total length of a

m ddl e segnent is defjned as.the sum of the |engt f the n. subsegnents.
To0065] ROPEERFHGOE Gveehes Prscedingoupibihegytp (U PES A TByel bepds wvine Sy G ed ¢ o
indicate presently preferred widths and | engths of the various
subsegned §:. repediveliaingles Pir-<Rs aca abswire it 1357 Bheciiftioubsegmentis prgfesabbegnent s
24, 27, 33, 36 has a length d, while a second subsegnment has a | ength d2.
Third, flounadrelongrdisfY2farialosg bs exjnparalic] iabeaxis Y agyt kas@g endjthat qysrlaps an end
respectively. Furthernore, the wdth w2 of all subsegnents is |ess than w,
and pr ef dithddupsegment|2@d mhile the ofheOerisl abots Bi@ third segmsnt 26p. Asprevientipiiidivetad, t he
|l engths d, - d5 are all equivalent. Alternatively, one or nore of the

| engt hs otbkr desigl forethe maddie sdghéne Be ate pobsitds which 066]ve Relugality nfpvedagping 6, a
cross-sectional view of the via test structure is shown that is obtained

by a cutsubdegmgntt hrel Bleast oXe bersling péBionn FI G 4. A portion of the first netal
line in the first

[0064] It is understood that when a middle segment is comprised of a plurality of “n”
overlapping subsegments, that (n — 1) bends are formed and one end of the first subsegment is
connected to the first segment while one end of the nth subsegment is connected to the third
segment. The total length of a middle segment is defined as the sum of the lengths of the n

subsegments.

[0065] Referring to FIG. 5, the test structure in FIG. 4 is illustrated to indicate presently
preferred widths and lengths of the various subsegments. Note that a first subsegment in each of
the middle segments 24, 27, 33, 36 has a length d, while a second subsegment has a length d».
Third, fourth, and fifth subsegme.nts have a length ds, da, ds, respectively. Furthermore, the
width w, of all subsegments is less than w; and preferably in the range of 0.5 to 50 microns. In
one embodiment, the lengths d, — ds are all equivalent. Alternatively, one or more of the lengths

d; — ds may have different sizes.

[0066] Referring to FIG. 6, a cross-sectional view of the via test structure is shown that is

obtained by a cut along the axes X1 and X2 in FIG. 4. A portion of the first metal line in the first
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-21 netal layer is depicted and is conprised of the first segnent 40, third
segnent 23, and two subsegnents 24a, 24e of the m ddl e segnent 24. The

ot her three subsegnents 24b - 24d are in front of the plane of the draw ng
as indicated by the dashed |ines connecting the subsegnents 24a, 24e. A
portion of the first netal line in the second netal |ayer is also shown and
is conprised of the first segnent 34, third segnent 32, and two
subsegnments 33a, 33e of the mddle segnment 33. The other three subsegnents
33b - 33d are behind the plane of the drawing as indicated by the dashed

| i nes comaeahyen@ depicted diibie gomprissd 3Bre fideegmEhed(, thHirakegnst 23, afd tidhe first
nmetal line in the first netal |ayer is between about 0.2 to 1 mcrons and
the thi cdpegmehtd 24, 246 thd ifdale sB@hedh 24.1 TIR diRerifiee w8SRRENIRIG, 2ddyrein is from
about 0.2 to 1 microns, although ti and t2 are not necessarily the sane

t hi cknesgont $hie blahSbf 1HEAAWIHy agﬂxdl&te@bgh@rcﬁMCM A& RREn2IMOVidséhenii a 29
while the first segnment 40 is preferably centered below the via 29 which

pref er abji HRS A% DFihe MstGhet@HAL n He Secbt hetdl 167eP RuIRRHown Mdds h d6 of
about 0.1 to 1 microns. [0067] Referring to FIG™ 7, a cross-sectional view

of the Véo%pfr@éitoﬁﬁerfﬁ?ttsle'gnﬁedt 34 SRAVRBAT321 shd t@QE&Jsé}ﬁﬁ%n%B@ B bf Ak Hi@d he
axes Y 1 and Y2 in FIG 4. A'portion of the second netal 1ine in the first

met al gﬁ]em%sd@né Gh&9hROhbk G nkRITRED sg@a o bEiiRa fhe | %e é%@ﬁmlr&% third
segnent a, and subsegnents 27a, 27e of the nl ddl e segnent 27. The

ot her t hl'h@@atﬁeaztggg%g&ﬁln%zponnegz)g t%ﬁbse@ﬁ@ht@g3§ hEe. pﬂ'l%rfﬁcmess t) her tqé ﬂf@l ng. A

portion o nmetal litne’in the“second netal layer is also shown

and is Cﬁémlrllnggrgthgg%srt% o lakértls egg%%&qs)%lgﬁr)ezn[%h %Sro@ﬁ%‘%ﬂ thRRffess %%(Ptﬁem

subsegnent s e other three subsegnents

36b - 36&@%&1‘ fJ %QEeCSE 5B 1afeh?s“fﬁ or® hibdul'5 284 i"%ﬁgns 4l Hl%u Qﬁ‘cﬁéﬁx%tnﬂl line

in the fir a er as a ness ti and seco I'I'ne in

the Seco&gesrs@r l? lhe A€ {hlcmggss.%ﬁehfugmgrﬁgm%z s preferably centered above the via 29

while the first segment 40 is preferably centered below the via 29 which preferably has a height

h of about 0.4 to 1 microns and a width d¢ of about 0.1 to 1 microns.

[0067] Referring to FIG. 7, a cross-sectional view of the via test structure is shown that is
obtained by a cut along the axes Y1 and Y2 in FIG. 4. A portion of the second metal line in the
first metal layer is depicted and is comprised of the first segment 40, third segment 26a, and two
subsegments 27a, 27e of the middle segment 27. The other three subsegments 27b — 27d are
behind the plane of the drawing. A portion of the second metal line in the second metal layer is
also shown and is comprised of the first segment 34, third segment 35a, and two subsegments
36a, 36e of the middle segment 36. The other three subsegments 36b — 36d are in front of the
plane of the drawing. The second metal line in the first metal layer has a thickness t; and the

second metal line in the second metal layer has a thickness t.

[0068] The present invention also provides for a method of using the via test structure 41 in

a reliability test. A reliability test is conducted by obtaining a first via resistance measurement

-22-



[ 0068] The present invention also provides for a nethod of using the via
test structure 41 in a reliability test. Areliability test is conducted
by obtaining a first via resistance neasurenent -22 before the via 29 is
physically stressed. A current o of about | mllianp (rma), for exanple, is
applied at the bonding pad 21 and a voltage V 10 is neasured at the bondi ng
pad 22 and a voltage V20 is neasured at the bonding pad 31. The bondi ng
pad 30 is grounded to zero volts. The initial resistance Roof the via 29
is determned as Ro = (V 10 - V20) / lo. The test structure 41 is then
heat ed ajef@e thelvevatiephysramestrtdt e Aairraliaybf abomG hidliangy @&, fokxaiplej §€ t hat
may enconpass hundreds of hours while a current continues to be applied.

The el evipphell & e¥NRhdhEIpRI Hidnd86Bage Vel o iy/BasdBd hith® béilingtfad ap aﬁ@ﬁmg@ t he
lifetime of the via at a |ower tenperature near room tenperature. A device

failure V&, s aietubdd 200 Wondhg gadtJInﬁ‘hE bRy Jal 80 iseabsidddeeeR voltk Ve - V2') /
It of the via 29 increases a predeterm ned percentage over the initial

resi st anggiaM@listencBRo of 68 29%d§&¥:ﬁ%%9§8us(vflgat\ﬂ%?/ Bf Thd@sREBSEE e

enbodi ments of the present invention is that the test structure,

particul ggf P{eaIeB &t 47 bR d SPIBRIre W Bul 18°C &S RPRIid S tRR! th&hyleRedphals’ St OF
second netal line, prevents or inpedes vacancies In the bonding pads 21,

22, 30, lﬁl%drfeﬁpéphomsgﬂﬁre b _Gkrd P C(;rnﬁuéé't@bg%pplll:& Tlﬁe JARhi8Y; eFalﬂﬁ‘% stPé@&s q’lef f US' on
coefficient for voids in the bond ing pads to mgrate throug metal |ine

to a vi avxé‘ﬁ@mro“r‘@l%ﬂ?@ébgmm?:ﬁé & lltfé?lrrﬁrdfﬂ{e\g'{ﬁt awa)@erttsﬁser@&lfe%&r%&ﬁ because of

one or nore bending portions in e segnent” of the netal |ine. Thus,

voi ds gager%g N &IRL whRleis 06 R f&cﬁ&t%n@ m,@m%?ésssta% k'C. %eSv??Flause of
ta as a

void dif ion froma l 'arge ne reservoir suc pad are

bl ocked first t. [0070
I’ the. saosni BRPEcks b FpBdim Bl ek et %%".‘“ﬁ%%é{%aﬁ%?%?“gr‘fé' the

pr esent
[0069] An advantageous feature of the preferred embodiments of the present invention is

that the test structure, particularly the middle segment with the serpentine pattern in a first or
second metal line, prevents or impedes vacancies in the bonding pads 21, 22, 30, 31 from
migrating to the via 29. It is believed that the diffusion coefficient for voids in the bonding pads
to migrate through a metal line to a via are reduced compared to prior art via test structures
because of one or more bending portions in the middle segment of the metal line. Thus, voids
that are prematurely formed in other via test structures because of void diffusion from a large
metal reservoir such as a bonding pad are blocked or delayed in the test structure of the first

embodiment.

[0070] In the second through fifth embodiments, the wiring structure of the present
invention is incorporated into an interconnect structure. The wiring structure is not particularly
limited to any semiconductor device and may be applied to any technology wherein
electromigration in an interconnect structure comprised of a first conducting layer that is

connected by a via to a second conducting layer is a concern. Although the drawings depict an
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invention is incorporated into an interconnect structure. The wiring
structure is not particularly Ilimted to any sem conductor device and nmay
be applied to any technol ogy wherein electromigration in an interconnect
structure conprised of a first conducting layer that is connected by a via
to a second conducting layer is a concern. Al though the draw ngs depict an
-23 interconnect structure in which an el ongated conducting |ine
(protrusion) connects a first conducting layer to a via having an
overlying second conducting |ayer, other designs are anticipated. For

I NSt anc eintetddaned £aMdGhreCia MWhithian RPng@YEEondwtink Gind@(pi@hRlon) donectdd fardse 1 S
connected to nore than one via in one or nore first conducting |ayers.

Fur t her n@h@uctihf Riyé't6 @ vfhaling af 66PN thg send d6idubighg 1268 otitRYesiSs Bfe€at er than
the area of the girst conducting layer when observed froma top-down view.

[0071] | dwigipsed ORst ibdaed] ki¥RBdond @Phdut @itk Thyer E{a?ge a Jobtal lidewhigh Wichbhid6te§td UCt Ur e
is formed on a substrate and is conprised of a first conducting |ayer

havi ng amb@ra odé 01 iPOfel dr PibriMidsNecdlidiing layerds N FEHIREBSre, the fidek StiniMedbdy @ first
| ength, and a plurality of sides and a protrusion having a first

t hi ckn €SSondwfihg &9&\’\%@ e gr@a'ﬂ:q ISR GNHed SgH fiﬂ'st‘@oﬁﬁhcﬁiﬁ\gla?&%eﬁ BekeRled kBASE one

bendi ng porti on. end of the protrusion is connected to one side of the
large argg 4Bk il@n While the other end is connected to the bottomof a via
t hat adj ol ns an overlying second conducting |layer. [0072] Referring to FIG
11, a nethod of formn the_first_conductin% | ayer in the interconnect
struct ur@®0%¥ t hén @?%@@%@mboﬁmt flepictedsin FHGT rlil beld, a Kirgglsguetare s Hrmgdsonghown
upon which an etch stop layer 58 and a dielectric |ayer 59 have been
sequent | @Wbstiatekad dstomprisdsyofa feniepidugling loygy bavinkeplsgetareapo(tQYD)ithrieefirtiod, pl asma
enhanced CVD (PECVD) nethod, or the like. The substrate 57 is typically
conpr i sedicktess jalfirg gridthredfimteyngtin @hdial plugadity efesidgmandpeprginseondeving e §irst not

thickness, second width, and second length with two ends and at least one bending portion. One

end of the protrusion is connected to one side of the large area portion while the other end is

connected to the bottom of a via that adjoins an overlying second conducting layer.

[0072] Referring to FIG. 11, a method of forming the first conducting layer in the
interconnect structure of the present invention is described. A substrate 57 is shown upon which
an etch stop layer 58 and a dielectric layer 59 have been sequentially deposited by a chemical
vapor deposition (CVD) method, plasma enhanced CVD (PECVD) method, or the like. The
substrate 57 is typically comprised of silicon and may include active and passive devices (not
shown). The etch stop layer 58 is generally one of silicon nitride, silicon oxynitride, or silicon
carbide. The dielectric layer may be SiO- or a low k dielectric material such as fluorine doped
Si0,, carbon doped SiO;, a silsesquioxane, a polyarylether, benzocyclobutene, or a polyimide.
Alternatively, the etch stop layer 58 and dielectric layer 59 may be replaced by a stack of
dielectric layers including at least one etch stop layer and at least one dielectric layer as

appreciated by those skilled in the art.
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shown). The etch stop layer 58 is generally one of silicon nitride, silicon
oxynitride, or silicon carbide. The dielectric layer may be SiQ2 or a | ow
k dielectric material such as fluorine doped Si(Q2, carbon doped Si2, a

si | sesqui oxane, a pol yaryl ether, benzocycl obutene, or a polyim de.
Alternatively, the etch stop layer 58 and dielectric |layer 59 may be

repl aced by a stack of dielectric layers including at |east one etch stop
| ayer and at | east one dielectric |layer as appreciated by those skilled in
the art. -24 [0073] A damascene process sequence i s performed which

i ncl udes{oa7hot or &iaSdenPpriotds Kiqighce B pREMAEfedaticloiREludds alPRbOreskiClatsihpRs t o
forman opening in the stack of dielectric layers, a deposition process

that filprscebnd@Re bt Mere\dtchRteds fol fosit arﬁﬂﬂﬁﬂﬂ?ﬁd the sth@y/stTdicl@tt layepd, @anari zati on
process that nmakes the first conducting [ayer coplanar with the top of the

stack of degb@lidGIrbdess thaYHk $he opBhifg wHRIRSE SHRIUBIIRARRS, aﬁmy@ﬂ&@am&] pi6deks known
to those skilled in the art and 1s not described herein. The first

conduct i fg nhAYEthe HRE LGS ing leiy@F &ﬁ]a%w,tmé tdp? 1RQRR Qf @elPEAL TS OPhis

conprised of a first segnent on one side of the large area portion that
are copl gt ﬁx‘&eésb?eq@éd%k ROk ﬁolvﬁ)(&{hoéizgskllr%@ IMX%@E&QEQHLS@@&%E&JH&]I‘ 5 that
the protrusion is further conprised a plurality of segnents and

| east  ongheiRQAbABRY iRk rhc‘iJEl@v{]a Bfde aPé%t RO ahdla gn}trﬁs%ﬂ @%eprﬁllﬁof%"fﬁs@f the

protrusion Is connected to t arge Parea portion an er end is

connect & %ﬁa@m%ﬁ\é??né 0@ o SROWE }’%Qmﬁh‘ haPXr@r{;]M w?@ﬁ%%l&gﬂqy}%‘ 5‘%.9 | ayer.

Opti onal usi on barrler yer not S orne

si dewal | g, Qfvaht gg oﬁP%E'n'u s Bl tﬁE grohjﬂ§orf is f&&lﬁ, ({}%H%Ed Oth All%%lﬁt& B?efﬂ}%%%h& ed.

The first conducti ng ayer Irrst t

AngSt r Onﬁ lea&t ongﬁéjr%_]hngtp\?@l tl[;ai%lr’e n%pg‘llég’e g\lS Jl?\’y e{)ne endfoEﬁI prc‘)% sx¥>n Copper ot her

mat eri al "Ls'Ed firs conductlng

layer. connected to the large area portion and the other end is connected to a via (not shown) with an

overlying second conducting layer. Optionally, a diffusion barrier layer (not shown) is formed
on the sidewalls of the opening before the first conducting layer is deposited. The first
conducting layer has a first thickness of about 0.2 to 1 Angstroms. Although the first conducting
layer is preferably copper, other material like Al/Cu, W, or Al, may be used to form the first

conducting layer.

[0074] Returning to FIGs. 8a and 8b, it has been observed that if a via and an overlying
second conducting layer (not shown) are connected to the protrusion 52 near the end opposite the
large area portion 50 and a stress test is performed as described previously in the first
embodiment, there is a greater resistance to forming a void adjacent to the via when the length of
the protrusion is increased as shown in FIG. 9. In FIG. 9, the test result expressed by resistance
shift, on a test pattern with a protrusion as shown in FIG. 8b, is almost unique among the test
samples as curve 53, while the test result on a test pattern without a protrusion as shown in FIG.

8a has some resistance shift (which means resistance increases) in test samples, leaving a tail
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[0074] Returning to FIGs. 8a and 8b, it has been observed that if a via and
an overlying second conducting |ayer (not shown) are connected to the
protrusion 52 near the end opposite the large area portion 50 and a stress
test is performed as described previously in the first enbodinment, there
is a greater resistance to formng a void adjacent to the via when the

| ength of the protrusion is increased as shown in FIG 9. In FIG 9, the
test result expressed by resistance shift, on a test pattern with a
protrusion as shown in FIG 8b, is alnost unique anong the test sanples as
curve 53Zurvelthdven bheurteeSit RuBdthioredn has d1€cheepabsened that thh ednbe tast Patdrsi Wwihon as
shown in FIG 8a has sone resistance shift (which nmeans resistance

I ncr easafiffertrit pk@akios BINPhE Soulld @Mt NOdifferded resistand® twiy R rvfm@WorlRyarsgle,ve 54.
Furthernore, it has al so been observed that the same test pattern with

di ff er entvoRdsppditdink @sho®Gh FIG. 8B Wi theasakhk tsizk Bfﬂddf%%h@ﬂﬁlffeﬁﬁnt rha@hee to void
form ng. For exanple, two test patterns as shown in FIG 8b with the same

size of ParhsRA sanek Bsidl. ThetesPardrs ABLKY Pfongd? pRtFusBh %auléan sepdssiptigfor The
test pattern having a |onger protrusion results in |less possibility of

resi st anggsihmi€ RAIK, w‘ﬂm the o@h@netegtpgl?é’m Waf b sRéHer Bfoftudtbr Rpgth ALK hiphet r usi on

length results in a higher possibility of resistance increase as measured

during gditifSf F&ﬁ@ancﬁn&k&b & m@é%ﬁr%ﬂ Rldind ¥ stf%gs te§t € }ﬁélﬁp? sibfify &ase
i ndi cates that a | arger nunber of vacancies have accunul ated near the via

to causr@mﬁa,iak %Fe'ése lﬁabaﬁés matfaxargé n@mf)&sdflv&:ag%lest e §&m§§teh§giréhe[ H9¢°]

Referring to 1, the wring structure o e secon Inment 1s

il lustrated, 'hn%]he eglgﬂ,?g e e RE st?esihaEtSt conducting |layer of an

i nt er connect he protrusion t connects a large area portion
with a via has four segnents and one bending portion conprised of two
segment 40078he f ReferringsmBl¢etlil ribe waipgstrigure ofiiheiseredd embadiyeert sviljestratedan porti on
60 having a first width w3, a first length w4, and a first thickness, and
a protr usPpdovingewivas ﬁfs@mndgqmgllappbfr@ interconnect in which the protrusion that '

connects a large area portion with a via has four segments and one bending portion comprised of
two segments. The first conducting layer is comprised of the large area portion 60 having a first
width w3, a first length w4, and a first thickness, and a protrusion that has four overlapping
segments each having a width w2, a length, two ends, and a first thickness. Typically w3 is from
about 50 to 100 microns, w4 is from about 50 to 100 microns, w2 is between about 50 to 100

microns, and the first thickness is from 0.4 to 1.0 microns.

[0076] A first segment 62 has a length L1 and is formed along the axis C-C’ which is
preferably substantially perpendicular to one side of the large area portion 60 and has an end
adjoining the large area portion. One end of a second segment 63 having a length L2 overlaps
the other end of the first segment 62 and forms a bend 61a at an angle 6, of about 45° to 135°.
One end of a third segment 64 with a length L3 overlaps the other end of the second segment 63
to form a bend 61b having an angle 8, of about 45° to 135°. There is a fourth segment 65 with

one end that overlaps the other end of the third segment 64 to form a bend 61c with an angle 05
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segnents each having a width w2, a length, two ends, and a first thickness.
Typically w3 is from about 50 to 100 mcrons, w is fromabout 50 to 100
m crons, W2 is between about 50 to 100 mcrons, and the first thickness is
fron10.4 to 1.0 mcrons. [0076] A first segnment 62 has a length LI and is
formed along the axis GC which is preferably substantially perpendicul ar
to one side of the large area portion 60 and has an end adjoining the

| arge area portion. One end of a second segnment 63 having a length L2
overlaps the other end of the first segnent 62 and forns a bend 61 a at an
angl e Oiof@bowtlaetio 145°. tThe ¥ahrh sefMent 65 chabhasa 1énptH K4 B pesTaEBly Efmed albngthk engt h
L3 overlaps the other end of the second segnent 63 to forma bend 61b

havi ng aRisangt er fengln aalaemt: isfpardliel 1d35C". T ®ctidnsedr thosbbill h@GMBBoed W t h
one end that overlaps the other end of the third segnent 64 to forma bend

61 ¢ W tRg@tnt3PH ifdiPed whBe PViaFDAHA arf'évet19ing 3&cond hltaf @Wr(‘%ﬁbt%ﬁﬁ@@fc 65 t hat

has a Iength L4 is preferably fornmed along the axis or along an axis

that is pakiehddeThd ©n G‘fme ProtR6a&t 1sqewnﬁea§un$$}fmegpmaem £ id BRgek Haht h
segnent 65 is indicated where a via 70 and an overlying second netal |ayer

( ”Ot Showg)ri Sﬁﬁﬁ len@ﬂ%’oﬁﬁe@ﬁﬁgdlargyﬂgrtkﬁ Db @0 Qhd $i080 H{tﬂé fo'r'n%'o‘?ﬁ‘ straig Ak L Sum of

+ L2 + I"onger than the original Iength connect|ng | ar ge

port' on Rned, 9@1 gm&% ld@ﬁ,?eq a's the Optat 1ofn%rfme$fr%ﬂls§wc@1hﬂl&ted bi R seghldfits gb,géad' ng

portion 6/ g as the portion e protrusion conprise t he
segnents 63, 64. 0077LH§eferr|ng to FIG 12, a third enbodinent is
depi ct ed00Hwhi Refefring to FH#.rldss bid ma@dlme@inﬁém%edan whichshegpretsusiparthdton with a
via in a first conducting |layer is conprised of five segnments and one
bendi ng qeonaciscrlangpatea hersion Witke viady adingt sondyipréngflayes is comprisedtof five feapents i s
conprised of the large area portion 60 having a first width w3, a first
| engt h vithd oaqbendingipesion thak bisnbrss segmdnta. The fitst coolunting kaer ihegmyfrisgdeof the
over |l appi ng segnments each having a wwdth w2, a length, tw ends, and a

large area portion 60 having a first width w3, a first length w4, and a first thickness and a

protrusion that has five overlapping segments each having a width w2, a length, two ends, and a

first thickness. The first segment 62, second segment 63, and third segment 64 are formed

substantially as described above. One end of a fourth segment 65 with a length L4 overlaps the

end of the third segment 64 that does not overlap the second segment 63 to form a bend 61c with

an angle 03 of about 45° to 135°. There is a fifth segment 66 with an end that overlaps the other

end of the fourth segment 65 to form a bend 61d with an angle 6, of about 45° to 135°. The fifth

segment 66 that has a length L5 is preferably formed along the axis C-C’ or along an axis that is

parallel to C-C’. A location near the second end of the fifth segment 66 is indicated where a via

70 and an overlying second metal layer (not shown) are positioned. The length of the protrusion

is now the sumof L1 + L2 + L3 + L4 + L5 and is longer than the original length connecting

large portion area 60 and via 70 in the form of a straight line. The bending portion 68 is defined

as the portion of the protrusion comprised of the segments 63, 64, 65. Note that the protrusion

has two more segments than in a bending portion.
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first thickness. The first segnent 62, second segnent 63, and third segnent
64 are forned substantially as described above. One end of a fourth
segnent 65 with a Iength L4 overlaps the end of the third segnment 64 that
does not overlap the second segnment 63 to forma bend 61 ¢ with an angle
03 of about 45 to 135. There is a fifth segnent 66 with an end that
overlaps the other end of the fourth segnent 65 to forma bend 61 d with
an angle 04 of about 45 to 135. The fifth segment 66 that has a length L5
is preferably fornmed along the axis CGC or along an axis that is parallel
to C C .[0d78]0CaiBediesttndihf theS@EHGE thsto@iisidn 82, iddirgh RRgNE pértibdser s
indicated where a via 70 and an overlying second netal |ayer (not shown)

are posi fuktBerQ6 retakl hel dARBIIA o hadah@esFdh fHéIdr@dared Forli 60 BEheSHATT® T THud, the L2 +
L3 + L4 + L5 and is longer than the original |ength connecting Iarge

portion RLied i Gndide ¥ihibitéd dirhgli@refsQEoP4n iftefohRcOWh b kiRgle seEiRntigndi Ny
portion 68 is defined as the portion of the protrusion conprised of the

segment s,aRer RiflimifR: w1hptII1@a(Ich§’5n &flaghﬂmg; bt VeARbpiasehiis SMREleggopENt S t han
in a bending portion. -27 [0078] Besides extendlng the I ength of the

protrusi hdmg p ol REa Fesbl rﬁ%%ﬁr RGO fBIVESin theidal&videO Nofl i ¢hel he

di ffusion of vacanC|es fromt | arge area portion 60 to the via 70. Thus,

the res L r r€s er connect
TR R e R T s T

I I I As
pl ura 't%o%gﬁm lgpmgﬂgg.%{rg@o% R 18UndEAS hei P RetsRBIAGnANS . AS 2

result, a hi rel |eve in the Tina eV|ce te that the

cr 055- S ekl ol d 35 1 Ahe8k: bl BB QLA BRELi Ak GG, R Hche Grme C O

the wiring structure omn In arge area port
shown as angular and having four sides, those skilled in the art
w | | rec%éﬁ?ggv?ﬁﬁé ot her shapes and sizes are mﬁthln the scope of the

pr esent i nventi on.
[0079] Those skilled in the art will appreciate that other embodiments are possible in which

the protrusion of the present invention may be comprised of a plurality of “n” segments, “n -1”
bends, and a plurality of bending portions. Furthermore, each bending portion may be comprised
of a plurality of segments. For example, a first segment and an nth segment may be formed
along a first axis while a plurality of segments in the shape of an arc connect the first and nth
segments. Preferably, the first segment is formed along an axis that is perpendicular to the side
of the large area portion to which the first segment is attached and the nth segment is formed
along the same axis as the first segment or along an axis that is parallel to the axis of the first

segment.

[0080] The method of forming a wiring structure having a plurality of segments and at least
one bending portion is continued by forming a second conducting layer comprised of a via and
an overlying second conducting layer above the first conducting layer in a dual damascene
process. Referring to FIG. 13, an exemplary embodiment is shown where an etch stop layer 68

and a dielectric layer 69 are sequentially deposited on the dielectric layer 59, the large area
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[0079] Those skilled in the art will appreciate that other enbodi nents are
possible in which the protrusion of the present invention may be conprised
of a plurality of "n" segnents, "n -1" bends, and a plurality of bending
portions. Furthernore, each bending portion nmay be conprised of a
plurality of segnents. For exanple, a first segnent and an nth segnent may
be formed along a first axis while a plurality of segnents in the shape of
an arc connect the first and nth segnments. Preferably, the first segnent
is formed along an axis that is perpendicular to the side of the large
area porpdr@dh 600antiunahe progudidn’ ®inpisdrot e first sagrhét b2 andofitth epmemtob. segnent i s
formed along the sane axis as the first segnent or along an axis that is
par al | el Sdcond, ffirdaaridFo@th deferdts 631 65 &0 @oBHtturell ADBR]viebnut ARtAOGoRred B M Ng a
wiring structure having a plurality of segnments and at |east one bending
portion ih&eweRitbp RYEBIDY: if Bdetsiiddanas Bfe Prsincdh ¢Hag bk BEridndNEEong?RRI draed of a
via and an overlying second conducting | ayer above the first conducting

layer i npigafiydr “HRBRERNRith I OFChchds iRl £ ldabiRbe Ba,dﬁllg?onﬂa%,as adicApednp! ary
enbodi ment i § shown where an etch stop layer 68 and a dielectric |ayer 69

are seq uﬁ'@\tlblﬁw yl"h‘é%&ﬁ%iob@g'ep@ énﬁ%ie(ﬂécﬁkcqw& b6 al#e%%éﬁ‘é’ral ep(gslil@d i))aﬁ a9pajea - 28

portion 60, and on the protrusion conprised o he first segnent 62 and

fifth i . -
It Sgiglggﬁrﬁtenﬁﬁmed @@ﬁ%odtalﬂh E'rﬁy h%dthé Mgtcggﬁggmtﬁléeﬁé%}} Sé?)%fl% 63 Dt

picture hi's view but are al S0 covere er 68. It

i s under cﬁglg‘?g% fr?yé}%g,t,lg e&g@% ?ﬁieﬁ%ti?&%'}p P4 PAM: 6% aﬁ@&ﬁ@fe&ﬁ@%y@{a 69311:%

plurality o segnent ends ‘and at | east one n

portion @s.0esq %g?gﬁm & cfﬁéﬁéc?ﬁtslla%pr%t}gtgn%eg Sfferg Pnlleaé{@l{ st(ﬁﬁa)aep Qradjiéﬁ’%ﬁ‘tﬁ ric

| ayer 69 are gener eposite asnma enhance met hod

and may a%%ﬁ*%n%‘%@gﬁyﬁg%?ﬁ%h%'99*9§dﬁ§$ﬂ§%§? stop layer 58 and dielectric

| ayer 59, respect ernatively ch stop layer 68 and

dielectric |layer 69 may
[0081] A first photoresist patterning and etch sequence (not shown) is employed to form a

via 70 in the dielectric layer 69. Then a second photoresist patterning and etch sequence (not
shown) is used to form a trench 71 that is aligned above the via 70 and to extend the via 70
through the etch stop layer 68 to expose a portion of the last segment in the protrusion. It is an
advantageous feature of the method of the present invention that the via 70 connects the end of
the protrusion comprised of the highest numbered or nth segment. More specifically, the via 70
is formed near the end of the nth segment that does not overlap the (n — 1)th segment. The via 70
has a top, a bottom, and a height preferably of about 0.2 to 1 micros, and a width that is
preferably less than the width W2 of the nth segment. Preferably, there could be a distance D
from the bottom of the via to the end of the last segment 66, for example, that is less than about 1
micron to allow for some misalignment in overlaying the via 70 on the nth segment of the

protrusion.

[0082] In one embodiment, a conformal diffusion barrier layer (not shown) is formed on the

sidewalls and bottoms of the via 70 and trench 71 by a CVD, PECVD, or atomic layer deposition
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be replaced by a stack of dielectric layers that includes at |east one etch
stop layer and at least one dielectric |ayer as appreciated by those
skilled in the art. [0081] A first photoresist patterning and etch sequence
(not shown) is enployed to forma via 70 in the dielectric |ayer 69. Then
a second photoresist patterning and etch sequence (not shown) is used to
forma trench 71 that is aligned above the via 70 and to extend the via 70
through the etch stop layer 68 to expose a portion of the |ast segnent in
the protrusion. It is an advantageous feature of the nethod of the present
i nvent i opALD)adchhifee. VA gecdfll &RBNEIaE Syl TR tRitGs greferabliecoppedtis depbsiad eompiht sed of

t he hi ghest nunbered or nth segnent. More specifically, the via 70 1is
formed naaro iddereactl7 0By didweroplafing SBEMRIMss plABhg, A0 Bifysialtvapaieh@RiochBVDY - | ) th
segnent. The via 70 has a top, a bottom and a height preferably of about

0.2 to Ifotahpf. TABEhikn¥ds@F hels@@hd tenduin@l18feAbittinliRSFentRANistfpcany dt h W2 of
the nth segnent. Preferably, there could be a distance D fromthe bottom

of the Vidute? bhemRRfs.0OptidhaIy, Afktse&Rd ¥BMMuchE: 1af@ 72 09 RsBintifilAbmbasd €SS

than about I mcron to allow for sone msalignment in overlaying the via

70 on t hey N1hwse0oESRber@bndul®r. Protrusion. [0082] In one enbodi nent, a
conformal diffusion barrier |ayer (not shown) is forned on the sidewalls

and bottons of the via 70 and trench 71 by a CvD, PECVD, or atom c | ayer
deposi t i [883]. 29 Iyininmorter dkas the radth & the serond elderingilangr MaYiethergengingl isj o
preferably copper is deposited to fill the via 70 and trench 71 by
el ect r opVider thep thewedth pighevig 79 ped thaighe ©@p opthg yiagaFomrlgiely caearesishvt thosecerayp) |
for exanple. The thickness of the second conducting layer within the trench
71 is tyqendustinglayerbdupic@ly2a planarizagiiy oeiBod ihpytis @ phentigal mephanisalmetish proesdtict i ng
| ayer 72 may substantially conprise Cu, A, W Ti, or other conductor.

is employed to lower the level of the second conducting layer 72 to become coplanar with the

dielectric layer 69. The area of the second conducting layer from a top-down view may be larger

or smaller than the area of the large area portion of the first conducting layer. In addition to the

improved reliability of the resulting interconnect in FIG. 13, a higher product yield is achieved

that lowers the overall cost of producing the interconnect by employing a wiring structure of the

present invention.

[0084] It has also been discovered that the addition of an extension on one end of a segment
in a bending portion of a protrusion is effective in further delaying the diffusion of vacancies in
the first conducting layer from a large area portion through a protrusion to a via near the end of
the protrusion. In the embodiment shown in FIG. 14, an extension is attached at the end of one

segment in a protrusion in a wiring structure.

[0085] Referring to FIG. 14, the wiring structure shown in FIG. 11 is modified to
incorporate an extension 63a that extends from the end of the second segment 63 and beyond the

bend 61b formed by the overlap of the second segment 63 with the third segment 64. The
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[0083] It is inportant that the width of the second conducting |ayer within
the trench 71 is wder than the width of the via 70 and that the top of
the via is conpletely covered by the second conducting |ayer. Typically, a
pl anari zation nethod that is a chem cal nechanical polish process is

enpl oyed to |l ower the |l evel of the second conducting |ayer 72 to becone
coplanar with the dielectric layer 69. The area of the second conducting

| ayer froma top-down view may be larger or snaller than the area of the

| arge area portion of the first conducting layer. In addition to the

i npr oveckxteabibbdslal widthok2 tdengtieB6l bt 4630t 0. DEET MRFHE Cdnd laFirdr kiEeknds3.and ishi gher
product yield is achieved that |owers the overall cost of producing the

i Nt er CONBAfdd d7¥heQRME BXdA&Ind MitdriaNgs if tkeUirtibofdRfing Rfer. Present invention.
[0084] It has al so been discovered that the addition of an extension on one

end of a ment in_a bending portion of a protrusion is effective in
further [Héffﬁjyl nGlEmati % F'El%’itﬁfﬁ‘oﬂf(“‘i}éﬁ%‘?‘fﬁlhéﬁ'w f width &/ Qf*l“fjé‘tle”(gg’rfﬁ@}é‘?aiyr?@ | ayer
froma |large area Portlon throuah a protrusion to a via near the end of
the protPash%he cqugl ehé reayRsdpimer on SeaRA of the third segment ) adizeaiQithen i s
attached at the end of one segnment in a protrusion in a wring structure.
[0085] Fexfeapipq Adp at ghepbrrsl 61y Stlﬂlr@eowrrqpﬁgl st elude an YRAN Ritheend ofthey j g
nodified to incorporate an extension 63a that extends fromthe end of the
second sBidEagmep P hetbenbhid anth o omie g eglengiot@lened by the overl ap of the
second segnent 63 with the third segnment 64. The -30 extension has a wdth

W2, 7'} L6 A%mﬂ@%ctlge %ith @ pgotﬂklﬁﬁ Ad\Eng éiﬂdraﬁtyfdf kot seéllﬂérﬁkﬁ}ﬁlsa? leafd is
forned of t he sane conducting material as 1n the first conducting |ayer.

[0086] Al ekRAkdnd! bendiflg Eﬁlgﬁ‘ﬁésq}?lpn(o'@% re§1§'l9m£3)to bﬁH 'f(g}%aaoﬁ"ﬁeq; fhe WuRGE @
|l ength that may or nmay not be equal to may be formed on the end of the

third Sedi%to gﬂth@gddatﬁ%ntlt: Ekghléﬁt compared with a prior art wiring structure. It is believed

that some of the vacancies in the large area portion 60 which migrate towards the via 70 are
temporarily trapped within an extension which delays their migration through the protrusion to
the bottom of the via 70. Similarly, an extension may also be formed on a non-bending portions
subsegment, such as extending laterally from subsegment 62 or 65. One or more extensions may
be added to a plurality of “n”” segments in a protrusion that has at least one bending portion, such
as illustrated in FIG. 15, in which the protrusion depicted in FIG. 12 has been modified to
include two extensions on a bending portion 68. An extension 64a is formed on one end of the
third segment 64 beyond the bend 61b and is aligned along the same axis that bisects the two
ends of the third segment 64. The extension 64a has a width W2 and a length L7 of about 0.01
to 1 microns. A second extension 64b is formed on the other end of the third segment 64 beyond
the bend 61c along the same axis that bisects the two ends of the third segment. The extension
64b has a width W2 and a length L8 of about 0.01 to 1 microns. Note that L7 is not necessarily

equal to L8. Moreover, the length L7 is preferably significantly less than the length L1 of the
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extension 63a at the bend 61b. Still another option is to include an
extension at the end of the third segnent 64 at the bend 61 b and to omt
the extension 63a. [0087] Awring structure with a protrusion having a
plurality of "n" segnents and at | east one extension on a bending portion
has i nproved resistance to void formation near the bottomof the via 70 at
the end of the nth segnent conpared with a prior art wiring structure. It
is believed that sone of the vacancies in the |large area portion 60 which
mgrate towards the via 70 are tenporarily trapped within an extension

whi ch defigygghmbiio strhgiodtd éable Bl Bridde&ndsRéwirSs Wimiteiweb @i RReh@dh of the
via 70. Simlarly, an extension nmay also. be fornmed on a non-bendi ng

por t i ONS64aSMPHRIIBArea FoHibh GBdRINE BRAhiBRohRtEhBYidador profasgubsegment 62 or 65.
One or nore extensions my be added to a plurality of "n" segnents in a
protrusion that has at |east one bending portion, such as illustrated in
FI G 15, [0088lwni dhoserskillsd Bythe &t WH! apB[sCiRtedhativg 1P @ -  nextensignsyarbepdedidtPed t o

i nclude two extensions on a bending portion 68. An extension 64a is forned
on one ehBfoBESIAMB theyWyFipgystaichieoft thepressal Brentiohe Fesdmigrnee. ope griensios mayibgned
along the sanme axis that bisects the two ends of the third segnent 64. The
ext ensi oferBukPHach of th orsegpend AsaAt p Bengt An prrerafodypent vhere o presrupiopihey ons. A
second extension 64b is forned on the other end of the third segnment 64
beyond ‘trhéegmeants a9d cn all o bepds.Heeng bmaximum numper ¢fi possthles extensionsvs 26ndd. of t he
third segnent. The extension 64b has a wdth W2 and a | ength L8 of about
0. 01 t o Qpypnallyppzch ofdee nt-Hatbends may havr 0 prebedensions. yAn adyasthgepos fe8ureNbr eover ,
the length L7 is preferably significantly less than the Iength L1 of the

- 31 firsthatsielgast ane 62hssegmenthbas angxignsdyl locaiedas tadkndoinioddge to( debity tehdiffimiort 0 f or m
bet ween the extension 64a and the |arge area portion 60 during the

i nt er coneferetantighthiaigh therprrusicess. [ 0088] Those skilled in the art will
appreciate that up to 2(n -1) extensions may be added to

[0089] The embodiments illustrated in Figures 14 and 15 provide an additional advantage
over the benefits of the previously described embodiments in that for a given length of the
protrusion which is the sum of all the segment lengths (L1,...Ln) the resistance to void formation
is increased by the inclusion of at least one extension on a segment end. Thus, the reliability of
the resulting device is further improved by incorporating at least one extension. In other words,
the combination of a protrusion, at least one bending portion, and at least one extension on a
segment end would maximize the resistance to void formation near a via formed between a large

area metal portion and a second conducting layer.

[0090] While this 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 scope of this

invention.

-32-



a protrusion in the wiring structure of the present invention. For

i nstance, one extension may be fornmed on each of the two segnent ends at a
bend. I n an enbodi nent where the protrusion has "n" segnents and "n - 1"
bends, then the maxi mum nunber of possible extensions is 2(n - 1).
Optionally, each of the "n - I" bends may have 0 or 1 extensions. An

advant ageous feature is that at |east one of the segnents has an extension
| ocated at a bend in order to delay the diffusion of vacancies through the
protrusion. [0089] The enbodinents illustrated in Figures 14 and 15 provide
an addi twenat [SsolvaMEYES: over the benefits of the previously described
enbodi nents in that for a given Iength of the protrusion which is the sum
of all the segment t hs the resis t% v0|g %Ernatlon is
i ncreased by ‘A HE! “igﬁH}“ij‘g’F&?P ‘F“"éta 'P%QJ?a“HﬁEavé&% §$‘ Wigh apddaigingst ©énd

Thus, the reliability of the resulting device is further inproved by
|ncorporH?FH@p%?"3east one extension. In other words, the conbination of a
protrusion, at |east one bending portion, and at | east one extension on a
segnent end woul d maxi m ze the resistance to void formati on near a via
formed bet weaningld andetinglaga compadingplotaligyrofédmtovarlsgpidgoendeschi ng | ayer.

[ 0090] While this invention has been particularly shown and described with
r ef er enc@ntpeisddnd tweperek and kel ingnbeidihire fehgth] dndraabitknekd whdréih olxeendrod @ fisst ood by
those skilled in the art that various changes in formand details nay be
made W tdepmentteandctadgo the omatd] fiansand dne andlofiOmé sefmdnhisSonretié@ tof thOia - 32
WHAT IS CLAIMED IS: I. Awring structure connecting a netal feature having

a | engt handWhdtelh arfddd of DigkRASHd R efd oMn@Adja6IRIgeht¥87m a bend at an angle 0
and a plurality of segments form at least one bending portion, and wherein the width of each of
the plurality of segments forming the at least one bending portion is less than the width of the

first segment.

2. The wiring structure of claim 1 wherein the metal feature, “n” overlapping segments, and

via are comprised of copper.

3. The wiring structure of claim | wherein the first segment is formed along a first axis and
the nth segment is formed along the first axis or along an axis that is parallel to the first axis and

the bending portion is not aligned along the first axis.

4. The wiring structure of claim 1 wherein the width of a segment is less than the width or

length of the metal feature.

(1398 1]

5. The wiring structure of claim 1 wherein the combined length of the “n” segments is

greater than about 10 microns.
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a single conducting layer conprising plurality of "n" overl appi ng segnents
each conprised of two ends and having a width, a length, and a thickness
wherein one end of a first segnment is connected to the netal feature and
one end of the nth segnment is connected to the via and wherein an end of a
segnent and an end of an adjacent segnent forma bend at an angle 0 and a
plurality of segnents format |east one bending portion, and wherein the

wi dth of each of the plurality of segnments formng the at | east one
bendi ng portion is less than the width of the first segnent. 2. The wring

structure of Thkalifgd stAdbi@reifBlalrh e wiefedl thé @aldld B betwien SHERE 42RAN NEesegnent s,
and via are conprised of copper. 3. The wring structure of claim!]

wherein the first segnment is fornmed along a first axis and the nth segnent
is forned al the first axjs or. along an . axis that is parallel to the
First axt-s arde 6PE SRET G CEP § Father SmBEIng Rl BLATGPUmGOR FIMET PRpMeayi . 4.
The mﬁrin% tructure of claiml, wherein the width_of a segnent is_|ess than
the wi dt#9Q aS‘fgé}’f@E%déFbSE%Ea'E‘:ﬁ"&Pedf"é%ﬁgdi‘f‘es.a"!‘}.a”?ﬁéfq}ih“fi‘? Pythe truetdaPrethes cl ai m
| wherein the conbined I ength of the "n" segnents is greater than about 10
m crons.s¢8MYG. The wiring structure of claim| wherein the angle 0 is

bet ween about 45 and 135. 7. The wiring structure of claiml further
conprising at | east one extension formed on one end of a segnent and

subst antg§.al | raihiegroettcakonpridinge sane axis as formed by the two ends of the
segnent. 8. An interconnect, conprising:

(a) a first conducting layer including a large area portion having a first width, a first
length, and a first thickness, the first conducting layer further including an elongated protrusion
having a second width and length, first thickness, and two ends, wherein one end is connected to
the large area portion and the other end is connected to a via and said protrusion is comprised of
at least one bending portion, and wherein the protrusion has a substantially uniform width

throughout its length and extends over the via;

(b) a via connected at a first end to the protrusion in the first conducting layer and at a

second end to a second conducting; and

(c) the at least one bending portion comprising two or more intersecting subportions,
wherein at least one extension extends beyond an intersection of said two or more intersection

subportions.

9. The interconnect structure of claim 8 wherein said protrusion is comprised of a plurality
of “n” overlapping segments and a bending portion that includes a plurality of segments in which

an end of one segment and an end of an adjacent segment overlap to form a bend at an angle 6.
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(a) a first conducting layer including a large area portion having a first
wdth, a first Ilength, and a first thickness, the first conducting |ayer
further including an elongated protrusion having a second wi dth and

| ength, first thickness, and two ends, wherein one end is connected to the
| arge area portion and the other end is connected to a via and said
protrusion is conprised of at |east one bending portion, and wherein the
protrusion has a substantially uniformw dth throughout its |ength and
extends over the via; (b) a via connected at a first end to the protrusion
in the fig st ThendtedinBd slradt@t oPEISinPS whereid @eindle® 8 bdt@eéh HBGIAMRE aOIBIRICE | NQ;
and (c) the at |east one bending portion conprising two or nore
intersecting subportions, wherein at |east one extension extends beyond an
intersection _of said two or intersecti subpart | 9. The

|t or contect 108 ITEPIES SR h 8P T A 'heheadiBE BUTIOR PN LR ArR Aed of a
plurality of "n" overl apping segnents and a bendi ng portion that includes
a plurality of segnents in which an end of one segnent and an end of an
adj acent 1xegrihaint@vembaptroaurt of chia Hehcteiathedfirstangdwetifg lay8dseiéhd The

i nterconnect structure of claim9 wherein the angle 0 is between about 45
and 135. condikting lger prioeugdarn) astthe siaratecdodtpeisaf of@lngdtan 8 wherei n t he bendi ng
portion has the shape of an arc. 12. The interconnect structure of claim8
wherein the first conducting |ayer, second conducting |ayer, protrusion,

and the a I ect structure of
claln112M&he?g?3ﬁ§§¥@%a§gmﬁhfgfgghﬁtzwa%inlgﬁgkﬁLgeg Enect structure of
claim8 wherein the first thlckness of the first conducting |layer is

bet ween about 0.2 and 1 microns, the height of the via is about 0.2 to 1
m crons, l4and The interconnect structure of claim 8 wherein the first thickness of the first conducting

layer is between about 0.2 and 1 microns, the height of the via is about 0.2 to 1 microns, and

wherein the second conducting layer has a thickness of about 0.2 to 1 microns.

[ 99-3

15. The interconnect structure of claim 9 wherein the combined length of the “n” segments in
the protrusion is greater than about 10 microns and the second width of a segment is between

about 0.1 and 10 microns.

16. The interconnect structure of claim 9 wherein the first segment is formed along a first
axis and the nth segment is formed along the first axis or along an axis that is parallel to the first

axis.

17. The interconnect structure of claim 9 wherein the via is formed on the “nth” segment at a
distance of about 0.1 and 10 microns from the end of the nth segment that does not overlap with

the (n-1)th segment.

-35-



wherein the second conducting | ayer has a thickness of about 0.2 to 1

m crons. 15. The interconnect structure of claim9 wherein the conbi ned
length of the "n" segments in the protrusion is greater than about 10

m crons and the second wi dth of a segnent is between about 0.1 and 10

m crons. 16. The interconnect structure of claim9 wherein the first
segnent is forned along a first axis and the nth segnent is fornmed al ong
the first axis or along an axis that is parallel to the first axis. 17.
The interconnect structure of claim9 wherein the via is fornmed on the

“nth" seggrentrhaint@condbd sitie of claiBavhdleid tiRNdiddbRAig VNS leby tBan thbisecemyd  Of
the nth segnent that does not overlap with the (n-1)th segnent. -35 18.

The i nt ek @MUTESIH nfhl septférd bRd BE h&ibRioMR widie betwRerd dud. Bhdd WmRangl via is |ess
than the second w dth of said nth segnent and the height of the viais

bet ween about 0.2 and 10 microns. 19. The interconnect structure of claim?9

further gONMPrihg @fler®dnndd: sir@3%t oPOSINEXHEMRS! BMpabedid 8t leR06heQxieRsiGEATRNT
adj acent to a bend. 20. The interconnect structure of claim19 wherein said

ext ensi ofdRRR s@nmRCRAMMe WSS Beng2 | €ngth of about 0.01 to 1 microns, a first
t hi ckness, and 1s conprised of the sane conducting material as in the

first conductlng | ayer. 21. A wiring structure connecting a netal feature
having a length, width, and thickness to a via, conprising: a single

conducting | ayer.&o Eet§fru rplorla@im fngﬁefre.n@a. OMEFs omaw&cﬁ t§ each
i A

conprised of two ends and having a engt and a ess wherein
one end I%gtﬁloif albo&t 0.01 to 1 microns, a first thickness, and is comprlsed of the same conductmg

material as in the first conducting layer.

21. A wiring structure connecting a metal feature having a length, width, and thickness to a

via, comprising:

a single conducting layer comprising plurality of “n” overlapping segments each
comprised of two ends and having a width, a length, and a thickness wherein one end of a first
segment is connected to the metal feature and one end of the nth segment is connected to the via
and wherein an end of a segment and an end of an adjacent segment form a bend at an angle
0 and a plurality of segments form at least one bending portion, the at least one bending portion
comprising two or more intersecting subsegments, wherein at least one extension extends beyond
an intersection of said two or more intersection subsegments and wherein the width of each of
the plurality of segments forming the at least one bending portion is less than the width of the

first segment.

22.  The wiring structure of claim 21 wherein the metal feature, “n” overlapping segments, and

via are comprised of copper.
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segnent is connected to the netal feature and one end of the nth segnent is
connected to the via and wherein an end of a segnent and an end of an

adj acent segnent forma bend at an angle 0 and a plurality of segnents form
at | east one bending portion, the at |east one bending portion conprising
two or nore intersecting subsegnents, wherein at |east one extension
extends beyond an intersection of said two or nore intersection
subsegnments and wherein the width of each of the plurality of segnents
formng the at | east one bending portion is less than the width of the
first semprenthe widing Tt bf AGImSE INMKEreih theTlrst@bginem 8 Yorth@aRhp a Fife axTehrid)
feature, "n" overl apping segnents, and via are conprised of copper. -36

23. The thé hthRegrdnk 8TbTed ahg eledirNaril oVRIBRE M axidBatfid pardllcS RARBMst dxss dna@r med
along a first axis and the nth segnent is fornmed along the first axis or

al ong annakimidelpBiioss RAERIeEhIohO e Msthkisst axis and the bending portion
is not aligned along the first axis. 24. The wiring structure of claim 21

wherein the width of a segnent is less than the width or Ilength of the

metal fenfurgpe ﬁ?ing-ﬂ?@ctwb bf OGinS3 I Wikdrdth theQfidthloRh gég%iegy\{g?ers?ihgn Ih'@%vé&ﬂ_'éliﬁia”ed

| ength of the " egnents 1s (greater than about m crons.

W ring S&ﬁ%ﬁBHﬁ?n@&lﬁ&ﬁk”‘21 wherein the angle 0 is between about 45 and
135. 27. An interconnect, conprising: (a) a first conducting |ayer
including a large area portion having a first width, a first Ilength, and a

first theknoRewich DS lds be SORLARG WRASEAHE [ of BEL4CLfieRg el ongat ed

protrusion aving-a second w eng and two

ends, WhgL &l hANBofid nligofONnect ed to

26.  The wiring structure of claim 21 wherein the angle 6 is between about 45° and 135°.

27.  An interconnect, comprising:

(a) a first conducting layer including a large area portion having a first width, a first
length, and a first thickness, the first conducting layer further including an elongated protrusion
having a second width and length, first thickness, and two ends, wherein one end is connected to
the large area portion and the other end is connected to a via and said protrusion is comprised of
at least one bending portion that includes a plurality of segments in which an end of one segment
and an end of an adjacent segment overlap to form a bend at an angle 6, and wherein a third
width of each of the plurality of segments making up the at least one bending portion is less than

the second width and wherein the protrusion extends over the via; and

(b) the via being connected at a first end to the protrusion in the first conducting layer and

at a second end to a second conducting.
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the large area portion and the other end is connected to a via and said
protrusion is conprised of at |east one bending portion that includes a
plurality of segnents in which an end of one segnent and an end of an

adj acent segnent overlap to forma bend at an angle 0, and wherein a third
wi dth of each of the plurality of segnents making up the at |east one
bendi ng portion is less than the second width and wherein the protrusion
extends over the via; and (b) the via being connected at a first end to the
protrusion in the first conducting |layer and at a second end to a second
conductirgy. TR intBconideestiudtued SRUMIRCY viHefeitCdait fowiisidhl iatdmptided\biey gurdlisai d
protrusion is conprised of a plurality of "n" overlapping segments. 29.
The |nte&caﬂ3a§@p§ﬁgughumg of claim 27 wherein the angle 0 is between about
45 and 135. 30. The interconnect structure of claim 27 wherein the bending
portion has the shape of an arc. 31. The interconnect structure of claim
27 wher e3q) t e foterShn&PREKGEL Mldnﬁh@rwhefe%PmQQngIQQ%ddéﬁlréeﬂgbdu%?rand 135°.
protrusion, and the via are conprised of a netal . The I nterconnect
structure of claim31 wherein said netal is copper 33 The i nterconnect
struct urg, of i Sht Lr ducti ng

| ayer is et&g%ﬁhh(%z(¥%ﬁgﬁh9%&T§W1Zﬁﬁhgﬁmﬁﬁgaﬁﬁﬁﬂh%K%nﬁ§ﬁeSE$58?§]about
0.2 to 1, m crons, and wherein the second conducting | ayer has a thickness
of about®0.2 to 1 microns. 34. The interconnect structure of claim 28
wherein the conbined I ength of the "n" segnents in the protrusion is

g1 eat et than abayt 10,0 Cr.onS AN ASRESORY ¥k S0 QheTeR0UIRRY TS Detween

conducting layer, protrusion, and the via are comprised of a metal.
32.  The interconnect structure of claim 31 wherein said metal is copper.

33.  The interconnect structure of claim 27 wherein the first thickness of the first conducting
layer is between about 0.2 and 1 microns, the height of the via is about 0.2 to 1 microns, and

wherein the second conducting layer has a thickness of about 0.2 to 1 microns.

€€ .99

34.  The interconnect structure of claim 28 wherein the combined length of the “n” segments
in the protrusion is greater than about 10 microns and the second width of a segment is between

about 0.1 and 10 microns.

35.  The interconnect structure of claim 28 wherein a first segment of said plurality of
segments is formed along a first axis and the nth segment is formed along the first axis or along

an axis that is parallel to the first axis.

-38 -



35. The interconnect structure of claim28 wherein a first segnment of said
plurality of segnents is fornmed along a first axis and the nth segnent is
formed along the first axis or along an axis that is parallel to the first
axis. -38 36. The interconnect structure of claim28 wherein the viais
formed on the "nth" segnent at a distance of about 0.1 and 10 m crons from
the end of the nth segnent that does not overlap with the (n-1)th segnent.
37. The interconnect structure of claim28 wherein the width of said via is
| ess than the second width of said nth segnment and the height of the via
i's betwesn appuintefborne@Ndrut@rd Bl 8 wheRin the@ialisoAh@UIBE tntiSt e pifiéndbea Of
claim?27 further conprising: at |east one extension extendi ng beyond said

over | appiigighcp of 46000, b@idvmahicionk Boke Gid 0P AR ntisQgMeMithA6es5dt heARswRl sai d
adj acent segnent. -39

the (n-1)th segment.

37.  The interconnect structure of claim 28 wherein the width of said via is less than the

second width of said nth segment and the height of the via is between about 0.2 and 10 microns.
38.  The interconnect structure of claim 27 further comprising:

at least one extension extending beyond said overlapping portion between said end of one

segment and said end of said adjacent segment.
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