TECHNICAL FIELD [0001] The invention relates to the field of fabricating an integrated circuit and other
electronic devices and in particular to a wiring structure with a higher resistance to stress induced void
formation in via reliability testing and in multi-level interconnects. BACKGROUND [0002] During the "back
end of line" (BEOL) portion of fabricating a microelectronic device, several conducting layers are stacked

on each other in SWTHH?BQP&@QH‘&J NiAANLE G KXTRANRED V6ia'Foisisiigaio 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 fortﬂz%f Mﬂjﬂﬁj}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. 3f/88Elindudds wwidinypisrelgentmdre it leniabricultidenahinzntahaiects, parrichdarly those
comprised of copper. Reliability is an increasing concern as interconnects become smaller and higher
current delasitizsade amaploykh [@riecidading vause ofwevicevidlare ghealectioaigr &iceshatdoreds a void
by the movement of metal ions or vacancies in a conductive element as a result of a current passing
through ivodddontimtiingitr&d édisbimanefacareddovivds ke vehiokefailomectaechanisms are substantially
delayed or prevented from occurring by incorporating new designs

BACKGROUND

[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.



and improved materials. [0003] While operating an integrated circuit device, a current typically flows from
a first conducting layer through a diffusion barrier at the bottom of a via and then through the via before
reaching a second conducting layer. For example, consider the interconnect structure in FIG. 1 in which
a first conducting layer 3 is formed in a first dielectric layer 2 on a substrate 1. Typically, the first

conductingoeyer 3 imaarlapravih ihedisst diRlesiEiadayeice; Asecpnd, Hialpericwayrii dsggposited on

the first dielectric layer 2 and on the first conducting layer 3. Optionally, the first and second dielectric

layers 2, adademd plerstack @l diglgctiimlayersfirthe bsisnpsisediohaaench mesadiekeStRp layer or
barrier layers as is appreciated by those skilled in the art. [0004] A conventional patterning and metal

depositiop (dAMaRIERE ) SEEHIRNEMiIuLERE 1 formAMand RO OYAsIRE: fifistigRIEMEtNg davefude.and a
second conducting layer 7 aligned above the via 5. Typically, a diffusion barrier layer 6 is deposited in a

damascepgsopeningipriariatienseaandmeta Hapasiiom AGONIRRSEINE SR SSoAUISsHYReH the
downstream side of the diffusion barrier layer 6 while a tensile stress increases with time on the opposite

side of theygifugiomhdarsesadingiRotg ofithe pianar Wraredemndsdriberacmavement icoirtal in the first

conducting layer 3 that leads to void 8 formation in locations of tensile stress such as immediately
upstreamyilethaclayant flove i thenditiugiondaasdailayhus aadosi ing fakthe fust eandyeting layer that

is adjacent to the via 5 is especially susceptible to void formation due to electromigration. Furthermore, a
first condogtingaayehd fifhadage stdRie aie e tikely e doum arvoichtR@Edielectric layers further

comprised of one or more etch stop layer or barrier layers as is appreciated by those skilled in the

art.

[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.



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. [0005] Void detection in metallization patterns is accomplished in U.S. Patent
5,504,017 by passing a current across a metal layer to generate a hot spot in a barrier layer adjacent to

the void. [§dus ot spasiis fedesirdiP R IR RISHJAERIONE Qo GoRN th g ukde Ry S 3king majgrial on

the metal and measuring a calorimetric response. [0006] A test structure is disclosed in U.S. Patent

6,004,828 g whicbiarBietalidnnendtl RIBew e aubstiaiephiliarabaittaringePrGR Ht Rodiglediic layer is
removed to reveal bumps on the runner. When bump concentration at a given location is more than 20%

higher thandng: ay&rageRUMP Klens i engtnifatweds wegictadighiinatsialilR0RdldnaloR tRatent

6,498,384, a test structure is fabricated on a semiconductor wafer and comprises a first layer of metal

that has segenshangkiRurthcchanbsindmickshs@nnected 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 fqr resistance and compared to a calibratj eas ent, [0008] U.S. Patent 6,320,391

Gosoribed g narsaiH G BB Co S Hat o oG 6 O LA TRk BhBLENEr o each enc

kR R T R R
the runner. When bump concentration at a given location is more than 20% higher than the

average bump density, long term failure is predicted at that site.

[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.



[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.
[0010] K. Yoshida, T. Fujimaki, K. Miyamoto, T. Honma, H. Kaneko, H. Nakazawa, and M. Morita

describe [ipofdiyess- KR dyeeRiWOIHiNG SN0 ENRIHAR ACtHRh Y @IS kel KBIICRARELIS alfdectron
Devices Meeting, 2002, IEEE, Vol. 8-11, pages 753 to 756 that a vacancy in a bulk metal is able to

diffuse thrxuod G ddecieiah FEyiesQ!Tiviacee ey iashan Hrpueh amnesrew anetas iIeger before reaching a
via that is connected to the metal layer. Over time, enough vacancies accumulate to form a void at the

via bottomydrebmePia, Fla@idiPDevise MEeiaRidhobelpREhe MiagSll foypedt7an & widamesal layer 50 in
FIG. 8a than below a via 51 formed on an extension 52 from a wide metal layer 50 in FIG. 8b. [0011]

Thereforeawhery peHomingetaliahibly testimgsenmapuptercraseattAanyasional destysirasiees typically
underestimate the lifetime before device failure occurs because they fail to account for voids in a bulk

metal sughragch RAREINE RRthPhfdar®H A ecntnataldayerihat diffiisetdhiouph maparrowrmetad connection
to a via. A top-down view of a conventional four port Kelvin test structure 10 for performing resistance

measuremaatsnsyibtieshifick KecmMdtestotielal alayer aompiiaashebdm bPotRamilt, a waadaags12, and
metal lines 13, 14 is formed on a semiconductor substrate (not shown). A second metal layer comprised

of bond paerd pafiaRcbeRAY It WAG Motahdines 1 ¢id8 isfarmee sbaneribe fishamasabiayeviand is
separated from the first

formed on an extension 52 from a wide metal layer 50 in FIG. 8b.

[0011] Therefore when performing reliability testing on an interconnect, conventional 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



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

determinggh@s Fecribdie raé)dnkdnaeARdrlef saliapilidntastiincrROGUEIRARY RRAliNGHhR SVksifade with the

test structure at an elevated temperature of about 200C for a duration of time that may encompass
hundredsipd hRuEsmPRiiadieresisaasaneasHidnments gt fakan edraihe peifod thatthagubstrate is

heated and these measurements are compared with the original resistance value. Unfortunately, the

reliability gasthingatgstimrieshaimnadeior edemcr ialrgIsiRcanRcAREIRSNQISRBYM imhed pad 11
migrate through metal line 13 to form a void (not shown) at the bottom of via 20 that increases via

resistancgaR 10 AoHitacERRIAPIAIEY inAttiiboialya Varanrieshivwanne Maddi@omay vidigrrigathrough metal
line 14 to increase the rate of void formation at the bottom of via 20. It is understood that the dielectric

layer 19 indypisallyia staakebdiele aliclayeiswigbvare natishewmy,iRRudecioisipyaliNydhea Zmaing.
Furthermore, first and second metal layers are typically enclosed within one or more diffusion barrier

layers thatigret@eirpictHree0fHe3] A imgreave ehtest stpctuerishaasies thatbprpiaRiswacandiss in a
bonding pad from interfering with the rate of void formation at the bottom of a via and thereby enables a

more acguaaletcedeniiaaligr et dhe viadiisting piban deyies #itieig expecieovigi@cateni014] A
commonly used method to offset the tendency for void formation in an
shown in order to simplify the drawing. Furthermore, first and second metal layers are typically

enclosed within one or more diffusion barrier layers that are not pictured.

[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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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 {gandnaisnestlinadepopisandingelestromigratiarlifetineapr Rrevemting yoid formation.
However, the reservoir is not placed between the interconnect line and an adjoining via and therefore

does not preneh AN RSP A gIating mathin theointesconag ctitautarvieniRRLE]iNverabiaative
approach to mitigating the effect of electromigration is described in U.S. 6,306,732 in which an imperfect

barrier layiendsugmpleyeddat e dastesmel eyiarwilty ok Sttangehkastial aladothel RefipRsLfithe via.
Unfortunately, the problem of vacancy accumulation on the upstream side of the via is not prevented.

Thus, animpseyestikarseraecliRIBICIUR hickvracdvhidtiByeleomes e’ yagdameader vacancies in a
large area metal layer to migrate to the upstream side of a via and form a void that degrades device
performance. SUMMARY OF THE INVENTION [0017] A preferred embodiment of the present invention
provides a test structure for measuring via resistance that prevents or impedes vacancies in a void
reservoir from migrating to the vicinity of a via and causing void formation. [0018] Another preferred
embodiment of the present invention provides a method and test



structure for measuring via resistance that does not underestimate the lifetime of a via during reliability
stress testing. [0019] Another preferred embodiment of the present invention 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 e MMNRSIOOFOIME ANGANIAN 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 86%' es a,method for f rn&in ip{ﬁrconne(f‘t with an im roa/ed resis ance to.stress induced
. c %rr%;Pem O ll}gﬁ%’l 6] € present 1 VenUOT]IBaBVI €S atesés uc Pre for.
void formation. [OOZ%]IEm odiments of the present invention include a via test structure with two metal
layers and a via that is fab{icateq]in a dielectric la eron.a substrate. anvention methods are
ea§u16n[% tha resis nce{ ﬂ&)reven S Oﬁ' 1m§é CFS Vac]anm%s 1n Cil VOl rasei%‘v?ﬁ rom Imi ra&1 to .
employetljnto abrfcate a tirst metal layer which includes afirst bonding pad that is connecte a first
metal Iin(% to th§HQOt5qm of the,via and a sg(%ond ponding pad that is connected by a second metal line to

hi . : . : :
the bottom of the via ‘?ﬁéasaélcdo%a me a\{lollaye(:)rr 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 thd 044817 [0028pthae Hirievemhdinbodaudnt wict e grasenalinagetion psedidosapmpitzodwrédieso the

bottom of the via and the second bonding pad in the first metal layer is used to determine the voltage at
structure for measuring via resistance that does not underestimate the lifetime of a via during

reliability stress testing.

[0019] Another preferred embodiment of the present invention 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.



the bottom of the via. The first bonding pad in the second metal layer is grounded while the second
bonding pad in the second metal layer is used to determine the voltage at the top of the via. [0024] An
advantageous feature of the present invention is that the first and second metal lines in the first and
second metal layers have a wiring structure comprised of three segments including a second or middle

segment \wh23) has arzefipHiaiAL beadnadatemehhR fEsts seamenipplpaftstensecardonstal line in a
first metal layer is comprised of one end of a metal line and is centered below the via while the first

segment gf devi shartaesershansialilinepndthersesanehapatalayRrisaaouRsisadift arevenagefa 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 fiigt iR ibeifirtiRegrnanRitbe seaon eetaldinedn the:fiiskroataldayatiis égned along a
second axis that is perpendicular to the first axis. The third segment of a first or second metal line

includes theoaathoafithe paetal eewbighmentasieibending Racniiacmsegment Aftremgialling 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 stigcture 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

subsegﬁz)ﬁ? i?rms bend with anﬁx %\Se of %‘ bout 45 tq 135 for a t tal ﬁ Qn éﬁends 4n on
embodimeit the middid EYRSERE HEE 8%{1 Sé’d?ﬁ%ﬂt&“&ﬁ?f%ﬂé% fitfy ' BOHiBH SSIMHEES Of three
segmenni In thi :?S a firs (} sub formed along a first axis is cgnr}eﬁred on one end to the
. 1es 1t e rst nd’secon meta yers ave a wiring structure comprised of three segments
first seg
including a second or middle segment which has a serpentine or bending pattern. The first
segment of a first or second metal line in a first metal layer is comprised of one end of a metal
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

66 2

bending portion and has a plurality or 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



and a second subsegment has one end that overlaps the other end of the first subsegment. There is a
third subsegment with one end that overlaps the other end of the second subsegment, a fourth

subsegment with one end that overlaps the other end of the third subsegment, and a fifth subsegment
that overlaps the other end of the fourth subsegment. The fifth subsegment is preferably formed along

the first axig @rialomsseenriswiallel tadhpafitaicanissand liasra reepne RUINVRIANIS GerNagadde one
end of the third segment. The bending portion is comprised of the second, third, and fourth subsegments

that are Rgbalighest ARG RBRMHFhands[REahAbaisadhehs thanidddseamenhmey fercomprised of four

subsegments in which the first subsegment formed along a first axis has an end connected to one end of

the first sgepentANdA SRGRHH Subsegmenat dranaf ekl dhiscaveiapT leaiathaiepenfing first

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

There is pdpuitlysiRaednpiiaio@dalon®thefisshaxigopenentaXik prsaleltadhadirstsaximnghat has an
end which overlaps the other end of the third subsegment while the second end is connected to the third

segmentede BRECFI AHiddRiddsuhs eginsiis farina scbardtngrpesigihapistial rligngsiaieng die first
axis. In another embodiment there is a plurality of subsegments in the middle segment of each of the first

and secopddnelaliinemaneeachuRiddiRRegmentnas alidaasthaieg Herdiiguaertion comprised of a

plurglity of subsegments. [0027] In embodi_ments_ of the present inven_tion, the interconnect structure is
et " Ry o R e R G
the first subsegment formed along a first axis has an end connected to one end of the first

segment and a second subsegment has an end that overlaps the other end of the first subsegment.

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



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 thickness, at least one bending portion and two ends wherein

one end ifieRROKCIRIIRQIIR BIdRIRE Pirloramaios MRIaWIRIEANABEIDebRKLR i® Irpseauently
connected to a via. Typically, the via and an overlying second conducting layer are formed in a second

sequenceefipaterRinge@lUABIROIIBMARH PaoasiZng: i8NS 1ANA8] 16 anatharsmhediment, the

interconnect structure includes a protrusion with four overlapping segments and one bending portion

comprised 05 iarSENoNE scdacrshahiiadiisi-seamenhda aonressad fegihadargepareanagrtion of the

first conducting layer and the other end overlaps an end of the second segment to form a first bend. The

first segreaiMiis fappegiena@plinsiaxiss Jibpse is a third segment with an end that overlaps the other end
of the second segment to form a second bend. A fourth segment has an end that overlaps the other end

of the thi menf to form a third bend. The fourth segment is preferably formed along the first axis or
o 003! 1 SR M SIS, A B LGS MG O\ P RRAAGH b 8 botior. of a
via that adjoins an overlying second conducting layer. The bending portion is camprised of the second
2l thire SGPRAHES S A T TP NG S SE R 8 TSR [0 by TR B
embodiment, the protrusion cong?(;:-'fted to the first Cgfﬁ %cftlurns%gxgr mclt.ides ar%ILtJ}Eall%of n" overlapping

segment§ SR hAVIRRISHTL thiBk FESS 4 BYTHYR ucting layer and the other end

overlaps an end of the second segment to form a first bend. The first segment is formed along a
first axis. There is a third segment with an end that overlaps the other end of the second segment
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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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 bandodhe {HEimeaEMeAt iDiArmesrlaEc R fialiaxis ejualepghanr axiskaralightrdhadirst axis and
has a second end that is connected to the bottom of a via with an overlying second conducting layer. The

bending pestiendnciHdasthe-reapRdthirel Mdaf fpvuth sesinents. Thedatalderaihi@ithe Rrotrusion is
equal to the combined length of the segments which is preferably greater than about 10 microns. There

are at leagbmah Do enSpaMasitmithinaPEBEUaIan Jorion sbencing Rottian asd faghahercdis formed at an
angle of about 45 to 135. [0030] In still another embodiment, the protrusion is further comprised of at

least oneyiensiqp at3he end of a segment that elongates a segment beyond a bend and is comprised
of the same material as in the first conducting layer. Preferably, an extension has a second width, a first

thicknes a length that is less than the length of the segment to which it js attached. [0031] In yet
another M Amenth S SRV SRTCHIAFEr AOREPIEES: & RS PO LALH S8 % segment. For

example, the third segment may have an extension on the end at the second hend and an extension on
the end AR SR AT OB ASHAh IS BH  Ay B SBH NP Bh Lo AR B BEEHRat & bend,
For examlt;')le, there may be an extension on the ?nd o] thsg s%c[ond segment at the seco(?d bend and an
extensiol’ST RS Eﬁﬁﬁﬁréégj’r%gh}ﬁgﬁﬁ% %%%%%&ng ayer. Preferably, an extension has a second width, a

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

“n” segments and (n — 1) bends.
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bend. In other words, there is a maximum amount of 2(n - 1) extensions in an embodiment with "n"
segments and (n - 1) bends. BRIEF DESCRIPTION OF THE DRAWINGS [0032] For a more complete
understanding of the present invention, and the advantages thereof, reference is now made to the
following descriptions taken in conjunction with the accompanying drawings, in which: [0033] FIG. 1 is a
cross-sectional view of a conventional interconnect structure with a via between two conducting layers
and a voiRRIEE G RSO DEIOWARENHE iDRAeWISIGONducting layer. [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 fg - [0035] FIG, 3.5 3 {op- i, view of (s ia test stiveture of ajefegied apibodiment of

the pres ntion nding pads metal ines that are connected to a via and which
s used to,oblain resistance measuemenis AORALEIGS b g sTiarged jon:down yigws of the center
portion o }Ef&. 3'that Heplct e serpentine shape he midai segments ot the metal ines that connect

metal Iay%crcgnmcﬁ) st Metal fifie In a second metal layer according to the via test structure of a preferred

embodiment of the present invention.
[0033] FIG. 1 is a cross-sectional view of a conventional interconnect structure with a via

the via to_the bondin gads. %0037‘]\/!?{(%1 6 is a cross-sectional view showing a first metal line in a first

between two conducting layers and a void defect formed below the via in the first conducting

layer.

[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 is 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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[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. [0039] FIG. 8a is a top-down view of a via that is formed over a
large area conducting layer and FIG. 8b is a top-down view showing a via formed on a protrusion

connecteéadF largeREE8a GORAYSIIR IRYRIID AN VIHeRaP RNBESH Rl 8 11PQARER GnSuisiadleyghowing a
shift in resistivity for an interconnect having a via formed directly above a large area conducting layer

comparegh\yithGreite ECRIPESH AN shoiaTOHRES fFVRIFPoRrPHHRRIGR BRI} daRIMER area
conducting layer. [0041] FIG. 10 is a cross-sectional view of a first conducting layer formed on a substrate

accordingdadieiidescennedt sireiebigeef amteliesred embodiment of the present invention. [0042] FIG. 11
is a top-down view showing a protrusion having four overlapping segments and one bending portion

comprise 0s ents in a first canductjng layer .according to. another preferred embodiment of the
ioegr /g At AR AU e ek Sty e e MR

segments. and one bending portion comprised of three segments jn a first conducting layer according to
St anotUFHIEATAE BHBFRADO T 98 FEHTS oA RSO B IBES SHTD AR e of
the interconnect structure in FIG. d12 af(ter avia and ovﬁclelrrél%il%%ﬁsecond conducting layer are formed above

the last sRGTHARFAT USROS R SRR SPIdHe bodiment of the present invention.

[0041] FIG. 10 is a cross-sectional view of a first conducting layer formed on a substrate

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 overlapping 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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[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. DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0047] The
present invention relates to a wiring structure that has improved resistance to stress induced void
formation and is also a method for forming the same. The drawings are provided by way of example and
are not g cel_©DiDi SOR eoEeN DRSNS TRA TRVE EMBPIRINIENESious elements within the
drawings are not necessarily drawn to scale. A via test structure that includes the wiring structure of the

present ipygyion s fiescribed in the fist mbodiment, Thewiring siruetie s incprporaed into an
interconrlect as described in thé . second t roug%afi%re%%od‘fmen Forthe nven |on.sf5 EgT n the first

embodlms%petsg?r%cg%g inFIGS.3-7,a ana t?s(,)t stru%ugefg%rfged. on tﬁe semlco?gj‘u or substrate is used to

void formation’a S alSo a Mmetno rmin same. €,drawings dare
measure via resistance and Is par?lcuparlly tseful for providing a fore accurate determination of the

lifetime of a vi ring a reliability, stress test.. The present invention alsQ provides.for ethod that
emplars B e R B O o e e loods)

Referringeto FI?. {in a top-donn vie¥v of t[pe ia test structure (?f a Jareferreg embodiment of th? resent
. . XA e, Q/Var ous € emef‘n S W]i mf%f'ng ra 13%8 are not ne es%?rﬂ%/ rawn 1o scalé. A via teSt . .
invention 1s shown. Via test structure 41 is fabricated®n a semiconductor substrate (not shown) which is

typically %l%: ﬁr%%e'lp ?t}/cﬁ‘llggs l?ﬁet%%‘?ﬁldg 8{}11%%% of the present invention is described in the first

embodiment. The wiring structure is incorporated into an interconnect as described in the

second through fifth embodiments of the invention.

[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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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.

[0050] CopysuyionalhetbaaisnareneRaiRYRE dmfabyiceis Ritishreial JanRInich nalvdes-audish bonding

pad 21 and a second bonding pad 22. The first metal layer is typically comprised of copper but optionally

may be Wy amdM{Gis phay: Aind sebiasianomatal pianetalrsempewndaAafeetalshicids: andghalike. The

bonding pad 21 is connected to the bottom of a via 29 by a first metal line that is also formed in the first

metal layef cdhger su2SphianAl i0Rad ROWMa a widihiiey haightandisidanalsod hedirgomptailing is

comprised of three segments which are a first segment (not shown) below the via 29, a second or middle

segment Zdcinafidas cangrpentice TaendinghPatiem, andmidid seamentdhwhichiisin wontaet with the
bonding pad 21. The bonding pad 22 is connected to the bottom of the via 29 by a second metal line also

formed imthaifiigt pretat layeforfmeddiansingrfadsiAlave aenprateralysferaied alangmn ficsidaxis X1 that
passes through the middle of the bonding pads 21, 22 and also passes through the bottom of the via 29.

[0051] Theisacard sieiakiRe Bheainprisad ofn fiysbagsmens(natsRoyyndhelowdhearvia f8: a middle
segment 27 that has a serpentine pattern, and a third segment 26 which abuts the bonding pad 22. Note

that the figstiseanient dbthe) igbmetiaine andstae dir si seidale Rt ohthe 2aasenshmetalparinay both be
embodied in a single metal feature. Each metal line and a

(bending) pattern, and a third segment 23 which is in contact with the bonding pad 21. The

bonding pad 22 is connected to the bottom of the via 29 by a second metal line also formed in the

first metal layer. The bonding pads 21, 22 are preferably formed along a first axis X1 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 26¢ abuts the subsegment 26b on one end and adjoins
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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, 26c¢ 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 Xl

The axis Xt iRSAERRE SN2 8IS NeloaidhenROt IPhsieoViriBR « HlaS VBaCIFBEIE 2GR Rt IhE

subsegment 26a and is formed along an axis that Is perpendicular to axis Y1. The subsegment 26¢ abuts

the subsggsuentidaiy anepesenebarrnadioits she bendingieashsZapdbgermer end. The length of
subsegments 26a, 26b, 26¢ are preferably about 1 to 10 microns, 1 to 10 microns, and 1 to 10 microns,

respective| 052] Conventional methods are ysed to fabricate a second meta] layer that includes the
Vi 56, oW bon DAL R B B A 51 LA PRI I el

comprised of copper but may, % W, an Al/Cy alloy, Al, ar I}r ory metal or metal compound, a metal
ciicice, <004 TR PR G onth FRUCAERyR BBPLRE R8T b B RECGERR) Horhiod B Elbstantialy the
same material..Tﬁge ondinﬁltpad 30 js %ﬁnneg.gg to‘ir(}e top of the via 29 bgﬁ}a first %1etal line that is
comprise BPA RS CSSGRASAPLEBO0E Thelia 512 HN e SegiasiP MR iRG ReL FURRRY Sattern, and
a third segment SZéhat iSi contacel[ with the bondj ad 30._The bonding pad 31 is cannected to the top
o1 the vie B30) LTI R imd LTS EBHHHRBE SPE e D et S St g VP9, ricll
segment 36 having a serpentine pattern, and a third ment 35 that adjoins b nﬁfiin pggd 31. The first
cogment 0 AL GSaTHERAS S s e R LB aHote o2 S KiaBoS bt 1 ZbB4id meta
layer. Th?lrst metal line that is comprised of a first segment 34 above the via 29, a middle segment 33

having a serpentine pattern, and a third segment 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, 35¢c. 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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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 laygsdrseferablydins: dHee subragme BisROaibiehnm3Re. 19ne3spd3at the aphisepmant 35a is

connected to an end of the middle segment 36 and is formed along a fourth axis Y2 that is preferably

perpendigylabie, axis KZmlhemXimd 2 ioteosertfotie RypsXiaythe 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

35c abuts, t ubsegment 35bh on one end and adjoins the bo %i)n ad .31 on the other end. The lengths
of the SuLSEEHherts JEATo A At 48 P S o SEPT A ARG TR micron,
respectivciylﬁi| {0(8%4£5n other mdim nts ﬁpillus &?%2 the midd| ser?.entiége s?%ment may be
omitted FROMHE FiPD Hel SECHNRIERS TSy BPERe SEHEMNSEAPIAYEY A BHOLIR SfSS SEpmEAts 33 and
36 may b om'téegd@ln et other embodiments, serpentine segments 33 and 3§ may, Qé employed, but
il sebEMING GBS AR Ao o7 B APSCTH BBy & ) 5o AN, JOCRAT GBI 1o FIG. 4,
this drawing is an enlarg %to -down view of the porti fﬂﬂG .3 that lies within the dashed lines that
form a bGRBIOPFR: A THLLS IRPTARE THEPRIA A4 el IOE T EiSinBH 26 GARAHE segment 24,
and third segment 23 and connects the bottom of the via 29 with the bonding pad 21. The first segment
40 includg®sse endRefdhénfirst Ritad, this drawing is an enlarged top-down view of the portion of FIG.

3 that lies within the dashed lines that form a box B. The first metal line in the first metal layer

includes the first segment 40, middle segment 24, and third segment 23 and connects the bottom

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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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 wl of about 0.5 to 10 microns. The length of first segment 40 is

the distaReg ARG NGl EXIBXdnhicIuisWIiE. IeRoI al Wenthird Sagwenhis is EJ%‘P&%Q} to 10
e

microns. [0056] An advantageous feature of the first embodiment is the structure of the middle segments

which arecomisisgaliaka PAIFRILY BbsBe QYA BRPHAY SHPSSIMEUS SRAGR IRVIDLMAI SRH%: &longth. and a

thickness that is equal to the thickness of the first and third segments in a metal line. In the exemplary

embodmey iefuredn FI% 2 GHIR SFOTERLAZ it SyBRRATIANTS AR (s g peading portion.

For example the middle segment 24 has a first subsegment 24a, whi med along the first axis X1

o e 15 1 AR ot e SRR S st o onc

has one en at overlaps t ther en Irst subsegment an angle

01 which_is preferahl outﬁl t0,135. A third suEse nt 24c has one end that overlaps the other end
ot the <ot B e B e R R AR b AR e e

135. Likewise, gu?s egment 24d .and a fifth subse nt 24e ovetlap a preceding.subsegment to
form thirch i LA SERR SUGEAEToL 65 e o LRl R e BTGy Sbout 45 t0 135

The fifth SUbSRIMTA BRFPAAYIOTHES AN REROS AeRh AORE AR Subsegment 24d while

the other end overlaps and adjoins an end of the third segment 23. The bending portion is
comprised of the subsegments 24b, 24c, 24d. 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
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parallel to the axis X1 and has one end that overlaps an end of the fourth subsegment 24d while the
other end overlaps and adjoins an end of the third segment 23. The bending portion is comprised of the
subsegments 24b, 24c, 24d. 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.thOfHxpBRIRethess MaynAefeaUbIRYBIRAISN WiiehmidiuRt arpdhniaiinth subseamERatendormed

along an axis that includes a first segment while second and third subsegments form a bending portion.

Alternativedy htkerevayweor Moty @ Suksrese ARl iR RRenHRiPariancixab. fymithenshape of an arc.
However, in an embodiment with a plurality of "n" subsegments, the middle segment preferably has at

least two subsegments than in a bepding portion $ecause the first subsegment and preferably the
nth subsb RSt arel FolR &SRB BarHEeEle b LS ‘SRt et A9 SOTTREIUE im the bending
portion. [0058] The portion of the second metal line in the first metal layer g; t is formed along the axis
2 el B e S THERERS OIS SB35 AkeH P SSOPRGI 56 4R RO ke hotiom of
the via 29 .itBt e bonding pad ﬁ}z?.e;[he first segment 40 is ¢centered belaw the via 29 as gescribed
previous!) R HEESHREE 15 e BN SFIRE Al SEOMEHP FE B MR dH PSR 8e 264 i
connected to the other end&%f thE mid%leéstg‘%g]ent 7. The th'gzge%ment ﬁga Eas a width wl of about 0.5
to 50 micPBhE A SYEHIRR PraPiBeasBHCd Bl B0 TR o050 IAMHR LRETH B % ht, the
middle segment 27 has five subsegments including a first subsegment 27a which is formed along the
second & isf@ﬁ.%i%’%%ﬁeié%&) ?35". A third subs%gment 27¢ hasg one end that overlaps the other g

end of the second subsegment 27b to form a second bend with an angle 0, that is from about 45°

to 135°. Likewise, a fourth subsegment 27d and a fifth subsegment 27e overlap a preceding

subsegment to form third and fourth bends having angles 05 and 0., 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 middle 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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which adjoins one end of the first segment 40. A second subsegment 27b with two ends has one end
which overlaps the other end of the first subsegment 27a to form a first bend with an angle 01 that is from
about 45 to 135. A third subsegment 27c has one end that overlaps the other end of the second
subsegment 27b to form a second bend with an angle 02 that is from about 45 to 135. Likewise, a fourth

subsegm@ie2yd angh filtbavkseaeROB 2 7eavedampREaGSdingustippegmenundemihithand fourth
bends having angles 03 and 04, respectively, which are from about 45 to 135. The fifth subsegment is

preferabliyfarmed aloRg, the @i, Xddar MieRrsaNBxXiss Baiallg) tRethacRnis Ydrandias.anersrd that

overlaps an end of subsegment 27d while the other end adjoins the third segment 26a. Optionally, other

designs feithenmidtiR-sREMRANh A cROESHRCRS HFRE A HuaMigHSidaRite.Nddlensegment 24.
[0060] In the second metal layer, the first metal line that consists of the first segment 34, middle segment

33, and thive s icenaacts thederetihe via 20 witkthe bandingnadOhifhaxissk seament 34

includes one end of the first metal line and is centered above the via 29. The first segment 34 has a

second eng Wit dsCanagiemnioanenansdt glethiesmiddie seyment&dnd NoiBia&eRPREAL3SnOehides the
other end (not shown) of the first metal line and has a second end connected to the other end of the

middle segineM3ids the JifRl @aBeHeItfaa R widiniv 3 and@dangthsalona WeHhkdsisa(2 which is wi.

The third segment has a width wl and a length of about 0.5 to 50 microns. [0061] The middle segments

33, 36 af@zl%ﬁ"ﬁr'f%@ﬁﬁ_ %&19%%@195%‘@%%?@&&%@3%‘6Bﬂé‘éﬁﬂﬁ%ﬁé’tsm%}?dﬁgtﬁre%ﬂeﬁ dhickness
that is equal to the thickness of the first and third

of the second subsegment 33b to form a second bend with an angle 6,. A fourth subsegment
33d and a fifth subsegment 33e overlap a preceding subsegment to form third and fourth bends
having angles 03 and 0., respectively. The angles 0, - 04 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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segments in the second metal layer. In the exemplary embodiment, the middle segment 33 has five
subsegments including a first subsegment 33a, which is formed along the third axis X2 and has one end
that adjoins one end of the first segment 34. A second subsegment 33b has one end that overlaps the
other end of the first subsegment 33a to form a first bend with an angle 01 which is from about 45 to 135.

A third sulgegrment a3%pamenenenentiat axeriapsdhe ather 8p8tofdhe seransksuRsagmMan:3b to form

a second bend with an angle 02. A fourth subsegment 33d and a fifth subsegment 33e overlap a
preceding sukseEM&aIVsto farm iBrdandhiouanibeadsrhsying aneles@3and QéoHasRestyRIYL The angles

02 - 04 are from about 45 to 135. The fifth subsegment is preferably formed along the axis X2 or along

an axis pagRlel i S IBANLRAS, NS Na! oysrapRan sd 6 IR suhsroman F3chle the other

end adjoins the third segment 32. Optiona er designs tor the middle segment 33 are possible as

described previous|y,for the middle segment 24. [0062] The portjon of the,second metal line in the
second T AR SRR S et A A e B R e i a6
and third segment 35a and connecis the top of the via 29 with the honding pad 31, The first segment 34
is center8dH 685%1Wgy296‘§§18§§éﬁk?éd"ﬁr§bﬁ3ﬁ§® dd32 corlqh%gt%]a OSSR S HRYIe segment
36. One end of the third se?ment 35a is connected to the other end of the middle segment 36. The third
segment SERHLAPE I WA QN8 ARG AR H 0 LR 3G SO AR BRS 2RO PR tNEr RS A RIS

embodiment, the middle segment 36 has five subsegments including a first subsegment 36a which is

formed aﬂfﬁaetﬁ%bﬁggmqtg)g dwhiledheaetheqeend, gbuts the third segmen(tJ 26a. As previously indicated,

other designs for the middle segment 36 are possible which involve a plurality of overlapping

subsegments and at least one bending portion.

[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 subsegments have a length ds, d4, 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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which adjoins one end of the first segment 34. A second subsegment 36b with two ends has one -20 end
which overlaps the other end of the first subsegment 36a to form a first bend with an angle 01. A third
subsegment 36¢ has one end that overlaps the other end of the second subsegment 36b to form a
second bend with an angle 02. Likewise, a fourth subsegment 36d and a fifth subsegment 36e overlap a

precedingnsi $agMBIIa dREMARITH @shiawdh bards-Hakndaanalesi’l ashlds 1espRetively. Angles 01 -

04 are about 45 to 135. The fifth subsegment is preferably formed along axis Y2 or along an axis parallel

to the axig;¥R @Rchhasanerd e avelrRRs anend4ofthe sHbsegrmenbthuhie the athenrnd abuts the

third segment 26a. As previously indicated, other designs for the middle segment 36 are possible which

involve afpiyralityhefppuey dRBingr-subsed mRNtaangyaiie astiasihendinddeadiome[ 00k, hisdnderstood
that when a middle segment is comprised of a plurality of "n" overlapping subsegments, that (n - 1)

bends are4groed ansbanm enthefthe fiksheuRsaoinestdsngannariekiastirdikpbsegiment 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 gbhsrieaathsheftthe e osuhseamantssdORRA Refaidngda it mciite 185! Steusture ififkle. 4 is
illustrated to indicate presently preferred widths and lengths of the various subsegments. Note that a first

subsegmepiisitach Thdhensriddle seawantmdh D7, 33d 3t heriadengprdd vwhile aseaangssubsegment
has a length d2. Third, fourth, and fifth subsegments have a length d3, d4, d5, respectively. Furthermore,
the indicated by the dashed lines connecting the subsegments 33a, 33e. The thickness t; of the first

metal line in the first metal layer is between about 0.2 to 1 microns and the thickness t; of the

first metal line in the second metal layer is from about 0.2 to 1 microns, although t; and t, are not

necessarily the same thickness. The first segment 34 is 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 de 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, 27¢ 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

areliability test. A reliability test is conducted by obtaining a first via resistance measurement
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width w2 of all subsegments is less than wl and preferably in the range of 0.5 to 50 microns. In one
embodiment, the lengths d1 - d5 are all equivalent. Alternatively, one or more of the lengths d1 - d5 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 -21

metal laygsfisilgRistiacand s, cmpyisess idhe firshspament kol thirs BRaPeRf? ForBdiwReSubsegments

24a, 24e of the middle segment 24. The other three subsegments 24b - 24d are in front of the plane of

the drawigjg Redindiaateshmn sadashed bneseSONGCIRGHAR FER L ABRIiRE Pad 2. HPIRINAES the first

metal line in the second metal layer is also shown and is comprised of the first segment 34, third

segment 32, anghduiarsubs et a3paB3e of ibdsniddlep segoenisdadtaaeiRes thiee Juesegments

33b - 33d are behind the plane of the drawing as indicated by the dashed lines connecting the

subsegm@pial33dsidace RS thickiess s atidenfitet megtipeinthexfisstimetaldayerisbaiveanabout 0.2
to 1 microns and the thickness t2 of the first metal line in the second metal layer is from about 0.2 to 1

microns, ghoighdl .06 dR it MRimpeceseasiiyitbe: sare thicknesso d e kst BRAME N d ispReferably
centered above the via 29 while the first segment 40 is preferably centered below the via 29 which

preferablyi@sedshsiaburh Whabaufdhi@dntiGeans B appwidtTas Ot whedt@npdmiipigrenss (0067]
Referring to FIG. 7, a cross-sectional view of the via test structure is shown that is obtained by a cut
along theyaxes i¥ bad tf 2pprbkanste Ahp difddimevih@ s erond noetal tspitdhe near room

temperature. A device failure is said to occur at a time t when the resistance R = (V1,— V2 /

of the via 29 increases by a predetermined percentage over the initial resistance value Ro.

[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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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;3Rrddimaiharibiae sHRsRIMEants faked 30d@iQily fraptpidhasiBlane fidhe srawing. The second
metal line in the first metal layer has a thickness tl and the second metal line in the second metal layer

has a thigknggastie [RPG8h bharresritin\RRHGhaIse-ora\ddssutaia meshasd el usignthavia test structure
41 in a reliability test. A reliability test is conducted by obtaining a first via resistance measurement before

the via 291isapysicalbystessed; Acwesnd @ alalpt idyailliapdmmstonaxamplg iiscapetied a the

bonding pad 21 and a voltage V | o is measured at the bonding pad 22 and a voltage V20 is measured at

the bondingrpashs bnd ReahpBdingrpaskSaiis grauncathtnyeto YaligelisrdnitidbresistanceBmef the via 29
is determined as Ro = (V to - V20) / io. The test structure 41 is then heated at an elevated temperature of

about 1756nfecanganpe aidinbe thedtbrabanaemeass thuneiedsmaiaaiy aydiiiv R CobRl&ORbMEs to be
applied. The elevated temperature stresses the via 29 in order to approximate the lifetime of the via at a

lower tempe@wievagar room temperature. A device failure is said to occur at a time t when the
resistance R = (V It - V2t) /It of the via 29 increases by a predetermined percentage over the initial

resistanCﬁ)X e RoI 0069%A§1 aqjv .taegﬁo s fea ure(lj:ﬁ,é e ref?red embodim?nts.o the present
inventiort 1 thb el st RIS PR AR/ AT sd ot it e LEHSLRG A R it or
substrate and is comprised of a first conducting layer having a large area portion with a first
thickness, a first width, a first length, and a plurality of sides and a protrusion having a first
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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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

structureggpgspuse af yaichdifiusinpdsome laree iMRiFbresarvaiiAUsbIRRka bERsING PAGateRiscked or

delayed in the test structure of the first embodiment. [0070] In the second through fifth embodiments, the

wiring strpeiee ahthenpI§is@bke IBVENTER i iRFATRATGHBHIHRh AR RESFRITRIRIE StHO & s The wiring
structure is not particularly limited to any semiconductor device and may be applied to any technology

wherein @lgetiasgiaies ihatineredprasisiuaty e sarppdisathela fr shepngusting davariatbis
connected by a via to a second conducting layer is a concern. Although the drawings depict an

interconn@gt siEKEIURR iINrwhisiiasialongaied sARSUGIRA KNG P PtHdsiRk ePunaetsr fuséreomdicting layer
to a via having an overlying second conducting layer, other designs are anticipated. For instance, the

second coxndikding fRyessRY fehae Mkl lRgowRieh tifose BKiBete th thMer ath anonAdde e @Meremmore first
conducting layers. Furthermore, the area of the second conducting layer may be greater than the area of

the first coRdagiin@hayeringhrRephsai®d frem@ateppdendn e whd A0y bl s ecaidinbediment depicted
in FIGS. 11 - 12, a wiring structure is formed on a substrate and is comprised of a first conducting layer
having a dasgearea peuiRNsINEb A kEShrge area portion that are coplanar with the dielectric layer 59.

An advantageous feature is that the protrusion is further comprised of a plurality of segments and

at least one bending portion that are not shown in this view. One end of the protrusion is

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

5.



thickness, a first width, a first length, and a plurality of sides and a protrusion having a first 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 formingyiRe fikskePPEbEHRDIRY BLIThERRIORISIGRRNGE Bikicsute Ot dhaRiBseaRI e laRdmdesgribed. A
substrate 57 is shown upon which an etch stop layer 58 and a dielectric layer 59 have been sequentially

deposited i ahaotiealo NI HEROSIHGR(GVRYMEibadplasia @ MAdesEhINDHREEMRIdNethod, or

the like. The substrate 57 is typically comprised of silicon and may include active and passive devices

(not shoywd) +dsap-fich SRR NBYET REIGISHeral NG M SHICQST Pitdide, ili oM Tt Rbsilicon
carbide. The dielectric layer may be SiO2 or a low k dielectric material such as fluorine doped SiO2,

carbon dppeehSEa32 arsiteasdUiene; faRehaiWaiberidrezpeyelaiessqria Rebpaydsilidlgrnatively,
the etch stop layer 58 and dielectric layer 59 may be replaced by a stack of dielectric layers including at

least onergirmatendaxasanchat igrsiapecieiReiia Riaranoepiaciated by hwsecskiles nihgart. [0073]
A damascene process sequence is performed which includes a photoresist patterning process and one

or more gle&isiEps dofRinaatcanReRIRg N thensiaek afrdiglectricayars Ashidpaosiioniprpegss that fills the
opening with a first conducting layer, and a planarization process that makes the first conducting layer

coplanar padtbrihectaR @hibenstiagte Ofitliciasttierlaypitser UTisa laidias aie Reecrsheadidenae isiyvell known to
those skilled in the art and is not described herein.

cause a higher resistivity as a result of the stress test.

[0075] Referring to FIG. 11, the wiring structure of the second embodiment is illustrated in
a top-down view of a first conducting layer of an 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 L.2 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 0, 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 61¢ with an angle 03
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The first conducting layer includes a large area portion 60 and a protrusion comprised of a first segment
62 on one side of the large area portion that are coplanar with the dielectric layer 59. An advantageous
feature is that the protrusion is further comprised of a plurality of segments and at least one bending
portion that are not shown in this view. One end of the protrusion is connected to the large area portion

and the qthghsndss eonpsctathidauMia hehaysthivitaanpverlyings sReRMbEPRFHEINAJaY he
Optionally, a diffusion barrier layer (not shown) is formed on the sidewalls of the opening before the first

conductingilayer i FgRasterta ENenir s fenticing @yex asmdolrabibihkness of akput G tuArAngstroms.
Although the first conducting layer is preferably copper, other material like Al/Cu, W, or Al, may be used

to form thedirshianEustinaday ehdR0y HaRetuAaing $0driase Sacand Bbrat B9s: bearspbsarved that if a via

and an overlying second conducting layer (not shown) are connected to the protrusion 52 near the end

opposite aeitihes aneaatosr Hk prstaSiessHest iseparfosmed as lescabedipigyiRusheér thanfirst
embodiment, there is a greater resistance to forming a void adjacent to the via when the length of the

protrusiofhisdrngieAsSefas siieetity fitzeDonibiGrd, dbadestieruih expresseast Ry tasitanee Bhift, on a

test pattern with a protrusion as shown in FIG. 8b, is almost unique among the test samples as curve 53,

while thedgsdirgspti@onas st Raie Wit dT ol Uk gRoit slbawoipié oBehbasssmrme Bsistance shift
(which means resistance increases) in test samples, leaving a tail curve shown by curve 54. Furthermore,

t has alsgeen ODsgrYed hat i Sgme featpater i, GRS PR E R gy syt
connects a large area portion with a via in a first conducting layer is comprised of five segments
and one bending portion that has three 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 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 61¢ 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 64 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 sum of 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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two test patterns as shown in FIG. 8b with the same size of pad 50 and a different length of protrusion 52
are tested. The test pattern having a longer protrusion results in less possibility of resistance increase,
while the other test pattern with a shorter protrusion length results in a higher possibility of resistance
increase as measured during a stress test. A higher possibility of resistance increase indicates that a

larger nuppbegIof vagrikies havRiaccHNALed JTeaE Hieniaide sausaiadidhedigsisiMinasadgsult of the
stress test. [0075] Referring to FIG. 11, the wiring structure of the second embodiment is illustrated in a

top-dowrryigivr @b Reliirl ARNGEEIRG 8 0AhaR ITHBIRARNRELINYAIEBHRM BIPIUSHORiIthAS. canRregls a large
area portion with a via has four segments and one bending portion comprised of two segments. The first

conductings|yeit ySQeaR¢i sREIB s g Af@8sPRSLAT BF inaviRg BB stitwidtimwid, sadifishlgsgth w4, and a
first thickness, and a protrusion that has four overlapping segments each having a width w2, a length,

two endsfian@entikshthieknaas byRiaatynws ispiteamitpboutafapHeG spiatansanhaisdaonsabout 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 segsngidbgoR@sma lengtirdulc anHiisdoraraialgng ibeiends fa-Ge whighiisiqreiesablysuhstantially

perpendicular to one side of the large area portion 60 and has an end adjoining the large area portion.

One end @baseeand isRgmest f3HaVINYy waleostined aneidans athe other enthoktha firghsegrent 62 and
forms a bend 61a at an angle 01 of about 45 to 135. One end of a third segment 64 with a length L3

overlaps shewathe Fend 10f thehsedangd segnperidBotasenswn ke ndifd bebavindananpiedg Afurbout 45 to
135. There is a fourth segment 65 with
sides, those skilled in the art will recognize that other shapes and sizes are within the scope of the

present invention.

[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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one end that overlaps the other end of the third segment 64 to form a bend 61c with an angle 03 -26 of
about 45 to 135. The fourth segment 65 that has a length L4 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 fourth segment 65 is indicated
where a via 70 and an overlying second metal layer (not shown) are positioned. The length of the

protrusiopdgidawhamawn @ik lpkotrbdon kSpkideans ifdanacictianitbe aiiginal lRatbneeanecting large
portion area 60 and via 70 in the form of a straight line. The bending portion 67 is defined as the portion

of the pragedsier ¢aMPIRERH @ the Saeerts 63 4. 100idurafening Qe Guldeallidieheephppyment is

depicted in which the protrusion that connects a large area portion with a via in a first conducting layer is

comprisegiotfive®panents. andsanrikerdinehpomiop thatshasiaies: sgivents cbhipiisst eanducting layer

is comprised of the large area portion 60 having a first width w3, a first length w4, and a first thickness

and a prpfiusion shedhassfiveQueiiRpRING *seas alkl Qaeh AR BBt Ido R deaetbsiba® ends, and a
first thickness. The first segment 62, second segment 63, and third segment 64 are formed substantially

as descripedishaye 1ReeeRdoH ier b seumentGl Wibrdlengthchdranedapsstha wnd othethird

segment 64 that does not overlap the second segment 63 to form a bend 61c with an angle 03 of about

45 to 13p1dfieieihadéthcepmenhed withay s inataver@psibaiihas wodioh thepfayish segiment 65 to
form a bend 61d with an angle 04 of about 45 to 135. The fifth segment 66 that has a length L5 is

preferablyifpsened 1aleng dhe:epdstively. On RiONE iaBl Xkt bathistdpaikake |99 mddidteloatiopeneamihe second
end of the fifth segment 66 is indicated where a via
be replaced by a stack of dielectric layers that includes at least one etch stop layer and at least

one dielectric layer as appreciated by those skilled in the art.

[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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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 partion: GGl Besides sx@ndingitedgpot eldhe profsHinn-agpaddingasRendngnagion

serves further to retard the diffusion of vacancies from the large area portion 60 to the via 70. Thus, the

resistivity, inciease RItB0WING o tiass testRllan MeIFONIantyvithia sHoslepeamantesy hyrther

minimized with the addition of a plurality of overlapping segments and at least one bending portion. As a

result, a lpigheargiabiieimauhiaved Hdhe-inaldaviceinld ¢odnating tREassnseation iprtiaied in FIG. 13
was obtained along the axis C - C' of the wiring structure shown in FIG. 12. While large area portion 60 is

shown ashging. rastangilanandpaviadyfoue sidesd tpseakided s the aik wilbsespamizedhgirther shapes
and sizes are within the scope of the present invention. [0079] Those skilled in the art will appreciate that
other em@ngeWsar@mﬁgib&@ﬂawﬁajph 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
oy be TG sl éii?fﬁg%a R AT B A Ra B, S SRRk the froe anl
M e s theandinr oF (o ReAS T S QTR AP 3 &S b S P e R e By e Qe e

conducting layer. Typically, a planarization method that is a chemical mechanical polish process

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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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 abougdigofirahaneddetinglay emistirIcsiat HBsNAeCERE] RIREESS  ReterinanRkitss kddan exemplary
embodiment is shown where an etch stop layer 68 and a dielectric layer 69 are sequentially deposited on

the dielegtimiaysr (hd st lasaguREaR: PRILPRIGR, iAMRean-iheoRtRiEHROR wemMprised of the first segment 62
and fifth segment 66. Second, third, and fourth segments 63 - 65 are not pictured in this view but are also

d tch stop | 68. It derstood th t trusi ti d of
ploraity PO Leqmiiey °%ﬁ¥£& SR B bt EGE OF BTGB SEEH TREBosly. The
etch stopl er6 elec C 9 ar ge era aCVv lasma enhanced CVD
methoc TR R hi0 R T £ o) S A GHAISE G4 59,
respectively. Alter tlvel the etch st er 68 and dielectric Jayer 69 may. be re Iac a stack of
aeleciric ARG e B oL %‘ﬁlﬁ ST I CPELRSED BRI BYLP A Bppreciated
by those skilled in the L[t [%?SR%@ I%otoreSJs atternin d etch sequence (not shown) is
employe féﬁﬁ{ngn%/@ é :51 f8yaps e‘ﬁ%%ﬁ‘él‘g'é fid 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 [0087] A wiring structure with a protrusion having a plurality of “n” segments and at least

one extension on a bending portion has improved resistance to void formation near the bottom of
the via 70 at the end of the nth segment 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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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, aidiadueight Brejerallyiab Bk Q. Znial BRIEEEInaNthewHidih iial iR hkeietabbxlieasidhan 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 segm@ntRs 1iexampifidhaniAless ihainddevhdednigheindGoalionctas some misalignment in
overlaying the via 70 on the nth segment of the protrusion. [0082] In one embodiment, a conformal

diffusion parrier layer. (not shown) is formed on the sidewalls and bottoms of the via 70 and trench 71 by a
VD, LU or AR SpAE b it CAL BYRSEHASCAE: 5o dBcba GG Byers S S
preferably copper is deposited to fill the via 70 and trench 71 by electroplating, electroless plating, or
Physical &POY ERABBAAIGH RS SRS gl PR ABE T RE QSEBNEr CBR OSIRPTA P iiin the

trench 71 is typically abqut 0.2 to 1 microns, Optionally, the second conducting Jayer 72 may substantially
comprisel BT AR CAI P SSRBBST (DBBAPRIE L BHERPIHATER WAth BFMRE SEESA Ebnducting

layer withjn.the trench 71 is wjder than the width of the via 70 and that.the top of the via is completel
coveredt by (TEEUNA Lo o Py AP g B A D53 P BIR SO i mechanical

lish proce is em to, lower,the level of th ond conducting layer 72 to become coplanar with
,I[:)hoes P %pt?osnaﬁy? ee{)cllg%$?he “II? —?r’ tbend% nelay av% 8eocr gxtens(ljouns. gn a)cllvantaggogs $gatu?eclsp a

that at least one of the segments has an extension located at a bend in order to delay the diffusion

of vacancies through the protrusion.

[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 (L.1,...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.
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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 beemygiscpvusred fattre @ddition 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 eXénSIBA %%‘i?ﬁ%‘é‘ﬂ‘%?“tﬂ%gean@%f‘b{?ét% ehE %?S‘Emtrw B ﬁﬂ‘it\ﬁh‘f‘h{ﬁwt}&ure. [0085]
Referring to ]EIG. 14, the wiring structure shown in FIG. 11 is modified to incorporate an extension 63a
that exterifs HoMRHBIANG SeRe DEtesh é%%é’ﬁ‘?%%ﬁﬁ%%ﬂ%‘ the bend 61b formed by the overlap of

the second segment 63 with the third segment 64. The extension has a width W2, a length L6 of about
0.1 t8 1 microns! BRGUHSE tHickNESAPRMEISSImHLS ??Hh%%%l?ﬁéﬁ?%& |F‘12;‘51Fr?déhﬁ}’5‘§ i?’l‘fﬂgﬂi’h'st

ducting | . [0086] Alt tively, tensi t sh .havi idth W2 and.a length that
o oy BB pO RS BTG STl BAINDF AN SOBTRIAR SE A B Bidemsion
63a at the ben%’G% .StiH another option is tg include. an extension at the end of the thirﬁj se rgent 64 at
the bend BFEARG G AR H18TBRLASFORESE TG0 E AN Y SHERASRTR  SFSMFALHHAR YR plurality

of "n" segments and at least )
6 % an adjacent segment form a bend at an angle 0 and a plurality of segments form at least one

7  bending portion.

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

2 via are comprised of copper.

1 3 The wiring structure of claim 1 wherein the first segment is formed along a first axis and
2 the nth segment is formed along the first axis or along an axis that is parallel to the first axis and

3 the bending portion is not aligned along the first axis.

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

2 length of the metal feature.

e

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

2 greater than about 10 microns.

1 6. The wiring structure of claim 1 wherein the angle 0 is between about 45° and 135°.
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one extension on a bending portion has improved resistance to void formation near the bottom of the via
70 at the end of the nth segment 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

extensiory may atge We i MadeRaNERIRENHRhATHRIPSisSUDSEBME BheEBndD £XRAGING 1) sally from
subsegment 62 or 65. One or more extensions may be added to a plurality of "n" segments in a

protrusioBndnat hasatdapsh@BepbRRHING RABHA, a3H tIRSsHMS RIS dsifomited b3, thk WhicBntheopigérusion
depicted in FIG. 12 has been modified to include two extensions on a bending portion 68. An extension
64a s fognad-an 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 LI of the first segment
62 so as not to enable a metal bridge (not shown) to form between the extension 64a and the large area
portion 60 during the interconnect fabrication process. [0088] Those skilled in the art will appreciate that
up to 2(n -1) extensions may be added to a protrusion in the wiring structure of the present invention. For
instance, one extension may be formed on each of the two segment ends at a bend. In an embodiment
where the protrusion has
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"n" segments and "n - 1" bends, then the maximum number of possible extensions is 2(n - 1). Optionally,
each of the "n - 1" bends may have 0 or 1 extensions. An advantageous feature is that at least one of the
segments has an extension located at a bend in order to delay the diffusion of vacancies through the
protrusion. [0089] The embodiments illustrated in Figures 14 and 15 provide an additional advantage

overithe genefita afihespraviauabrsiessdibed smbasimenss iavhialdaagivgndength 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 a)lgastone etaRsioMmYPRidseaNRILNS Flumdhecslinhility dhdhenresulinadevice is

further improved by incorporating at least one extension. In other words, the combination of a protrusion,

at legst anspeReiNer RATRRe Mgt Aaasi sexiensiam anidrSeameat andraauie maxinizethe
resistance to void formation near a via formed between a large area metal portion and a second

conductingdayars RN8Q] ivviatle thistiveatiarbasbaen partirdrr ke shewmans slesaribed with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that various changes

in fosm apdedrpisdRaysbemadeyithaniseparting, lahensint anshaaareealishishév@ined HAT IS
CLAIMED IS: 1 1. A wiring structure connecting a metal feature having a length, width, and thickness to a

2 vigfor prinimigingbst@asiniucssanid formatiote GaspsingasSeadbiraliy@f sibsey@dapRing segments
each comprised of two ends and having a width,
7  connected to a third segment and wherein an end of a subsegment and an end of an adjacent
8  subsegment form a bend at an angle 0 and said middle segment is comprised of at least one
9  bending portion;
10 (b) a second metal layer comprising a first metal line and second metal line which are
11 each comprised of a first segment, a middle segment, and a third segment wherein the first and
12 third segments have a length, width, and thickness and the middle segment has a plurality of “n”
13 overlapping subsegments each having a width, length, two ends, and thickness wherein one end
14 of a first subsegment connects to a first segment and one end of the nth subsegment connects to a
15  third segment and wherein an end of a subsegment and an end of an adjacent subsegment form a
16  bend at an angle 0 and said middle segment is comprised of at least one bending portion;
17 (c) a via formed between a first segment in the first metal layer and a first segment in the
18  second metal layer;
19 (d) first and second bonding pads in the first metal layer that connect to a third segment
20  in the first and second metal lines, respectively, in the first metal layer; and

21 (e) first and second bonding pads in the second metal layer that are connected to a third

22 segment of the first and second metal lines, respectively, in the second metal layer.
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4 a length, and a thickness wherein one end of a first segment is connected to the metal feature and 5
one end of the nth segment is connected to the via and wherein an end of a segment and an end 6 of an
adjacent segment form a bend at an angle 0 and a plurality of segments form at least one 7 bending
portion. 1 2. The wiring structure of claim 1 wherein the metal layer, "n" overlapping segments, and 2 via

are qompyised of IgOPRAEsL sGudfieeVsir g s GiHEEAf Glaimsi mbareihthaditstispamaldt igformead along a
first axis and 2 the nth segment is formed along the first axis or along an axis that is parallel to the first

axis and 3 Arifensiingmeition is not aligned along the first axis. 1 4. The wiring structure of claim 1
wherein the width of a segment is less than the width or 2 length of the metal feature. 1 5. The wiring
structure of claim 1 wherein the combined length of the "n" segments is 2 greater than about 10 microns.

16. 7he YYﬂf””g. Hetire. o Elaim, & Whghein dhe.an %etﬁei%r%?ts""erﬁé‘ngt{%%tff%?t ALAZReh fnd Dy Wiring
structure of claim T further comprising at least one extension formed on one 2 end o a’segment and

sub antialg/ aligned aI8n the same axis atchfo]zm§d b)ét e tw ngs Pf thte selgamept. 1 g ,f\ via test
S]J.l seglgent, and the 1I'§ Ssegmen mt rst metal 1n_eé) the }I‘S me atl a]ye e 10rmed. a Olég.

structure formed on’a semiconductor substrate comprising: 2 (a) a tirst metal tayer comprising &first

metasl Iinea %QSq gelcond metal line which are each 3 comprised of a first segment, a middle segment, and a

third segment wherein the first and third

1 11. The via test structure of claim 10 wherein the first segment, the first subsegment, the nth
2 subsegment, and the third segment in the second metal line of the first metal layer are formed

3 along a second axis that is perpendicular to said first axis.

112 The via test structure of claim 10 wherein the first segment, the first subsegment, the nth
2 subsegment, and the third segment in the first metal line of the second metal layer are formed

3 along a third axis that is parallel to said first axis.

1 13 The via test structure of claim 12 wherein the first segment, the first subsegment, the nth
2 subsegment, and the third segment in the second metal line of the second metal layer are formed

3 along a fourth axis that is perpendicular to said third axis.

1 14 The via test structure of claim 8 wherein the width of a subsegment is less than the width

2 of afirst segment or third segment.

1 15. The via test structure of claim 8 wherein the thickness of a subsegment is equal to the

2 thickness of a first segment or a third segment.
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4 segments have a length, width, and thickness and the middle segment has a plurality of "n" 5
overlapping subsegments each having a width, length, thickness, and two ends, wherein one end 6 of a
first subsegment is connected to a first segment and one end of the nth subsegment is 7 connected to a
third segment and wherein an end of a subsegment and an end of an adjacent 8 subsegment form a
bend at arpangle iR andisaid migdehe sTRIMany isHeasnpiiResd phatde A QRS dbendineRaHRRAisLY (b) a
second metal layer comprising a first metal line and second metal line which are 11 each comprised of a
first segmesntea g diseeY0@MARd a third segment wherein the first and 12 third segments have a
length, width, and thickness and the middle segment has a plurality of "n" 13 overlapping subsegments
each having a width, length, two ends, and thickness wherein one end 14 of a first subsegment connects
to a flII’St ﬁegmeqrh and one end Pf the n h s e} mentthconn E a 15 thi d se enﬁ 99 wherein an
end of a subsegm NARAaT &b 6 aﬁ %:n acen %ncgn? ol e 16 b %}lat an angle 0'and said
middle segment is comprised of at least one bendmg portlon 17 (c) a via formed between a first segment
in the first metal layer and a first segment in the 18 second metal layer; 19 (d) first and second bonding
padslin tHé.first Fetaidasssrsthzstesrafadeio & wikdaie gmdmnst 3egmenes fifghahidssendnacatstandinés,
respectively, in the first metal layer; and 21 (e) first and second bonding pads in the second metal layer
that are dorneetidd fos thital Reesagaribasamnthsegiremdhsdesmdmecsdditrethabspentivhpidnvihe second
metal layer. 1 9. The via test structure of claim 8 wherein the first and second metal layers and the via are

1 19 The via test structure of claim 8 wherein the first segments of the first and second metal

2 lines in the second metal layer are the same segment which is connected to the top of said via.

1 20. The via test structure of claim 8 wherein a bending portion is comprised of a plurality of

2 subsegments that are not aligned along a first, second, third, or fourth axis.
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2 comprised of copper. 1 10. The via test structure of claim 8 wherein the first segment, the first
subsegment, the nth 2 subsegment, and the third segment in the first metal line of the first metal layer
are formed along 3 a first axis. 1 It. The via test structure of claim 10 wherein the first segment, the first
subsegment, the nth 2 subsegment, and the third segment in the second metal line of the first metal layer

are formed 3 alonehaResandadimihimbisiReERRNMCU AT IReSRIAIfiSH YIS dsd @stl e iatashstipcture of
claim 10 wherein the first segment, the first subsegment, the nth 2 subsegment, and the third segment in

the first ragladlinedef thersesend metatdavietriadannes@alond dithind axicthatienanaliet to said first
axis. 1 13. The via test structure of claim 12 wherein the first segment, the first subsegment, the nth 2

subsegmeaatetithetlRitgseometinthepseaand metal line of the second metal layer are formed 3
along a fourth axis that is perpendicular to said third axis. 1 14. The via test structure of claim 8 wherein

the width of a sybsgepnens isdessthanthesvddililopadfiish remeniokikRirdsegment dubaratbe via test
structure of claim 8 wherein the thickness of a subsegment is equal to the 2 thickness of a first segment

or a thirdssepmenboadife phebdmtesssitbeidie ekwatns wheveininefeminadiitnahgidbeon”
subsegments is 2 greater than about 10 microns. 1 17. The via test structure of claim 8 wherein the angle
0 is lpetwaeh clagWnd aeehbdbthat has a serpentine pattern;
7 (b) measuring the voltage at a second bonding pad in said first metal layer, said second
8  bonding pad being connected to the bottom of said via by a second metal line comprised of two
9 ends and a segment that has a serpentine pattern;
10 (c) measuring the voltage of a first bonding pad in a second metal layer formed above
11  said first metal layer on said substrate, said first bonding pad in said second metal layer being
12 connected to the top of said via by a first metal line comprised of a segment that has two ends
13 and a serpentine pattern; and
14 (d) connecting a second bonding pad in said second metal layer to a predetermined

15  voltage potential, said second bonding pad in said second metal layer being connected to the top

16  of said via by a second metal line that has two ends and a segment with a serpentine pattern.

1 22 The method of claim 21 wherein said predetermined voltage potential is ground potential.

1 23.  The method of claim 21 wherein said serpentine pattern is comprised of a plurality of “n”
2 overlapping subsegments each having a width, length, thickness, and two ends wherein one end
3 of a first subsegment is connected to an end of a metal line attached to the via and one end of the

4  nth subsegment is connected to the other end of the metal line attached to a bonding pad and
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1 18. The via test structure of claim 8 wherein the first segments of the first and second metal 2 lines in
the first metal layer are the same segment which is connected to the bottom of said via. 1 19. The via test
structure of claim 8 wherein the first segments of the first and second metal 2 lines in the second metal
layer are the same segment which is connected to the top of said via. 1 20. The via test structure of claim

8 wherein,BpendingiROsioRd S RNRHSAGL AT arépihh phdjsthsadpiepisthabareaneialignechalang a first,

second, third, or fourth axis. 1 21. A method of determining via resistance during a reliability stress test in
a teg StrgciigafithabiieiHpaR M S FORIpHRUSS CRMOREIGE IR HagnB YR of a via and a second metal

layer 3 connected to the top of the via, comprising: 4 (a) applying a current to a first bonding pad in a first
metal layer formed on a substrate, 5 said first bonding pad being connected to the bottom of a via by a

first meta| line comprised of 6 two ends and a segment that has a serpentine pattern; 7 (b) measuring the
voltabe ot secHTBONEInG 518 e AFEE AT SETRLOSH ' BB B ing conmected to
the %ottom of said via by a second metal line comprised of two 9 ends and a segment that has a

serp ntinsél%%?fg}ﬁ]:lﬁﬁof%‘}jmggs r?r?&qﬁre voltage of a first bonding pad in a second metal layer formed
above 11 said first metal layer on said substrate, said first bonding pad in said second metal layer being
12 connected to the top of said via by a first metal line comprised of a segment that has two ends 13 and
a sefpentife pattéenmaihed af(elpsoRRettiengia Sucoiditbohdipssachimskitesedvndhaataltiagbano a

predetermined
2 end of a first metal line or second metal line.

1 26. The method of claim 21 wherein the angle 0 is between about 45° and 135°.

1 27.  The method of claim 21 wherein the reliability stress test is further comprised of heating
2 said substrate for a predetermined period of time (t) and then remeasuring said via resistance by
3 repeating steps (a) through (d) in which the applied current amplitude is Ir, said voltage at the

4  second bonding pad in the first metal layer has an amplitude Vr, and said voltage at the first

5  bonding pad in said second metal layer has an amplitude V,r, and the via resistance is

6  determined by dividing (Vi1 - Va71) by I7.
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15 voltage potential, said second bonding pad in said second metal layer being connected to the top 16
of said via by a second metal line that has two ends and a segment with a serpentine pattern. 1 22. The
method of claim 21 wherein said predetermined voltage potential is ground potential. 1 23. The method of
claim 21 wherein said serpentine pattern is comprised of a plurality of "n" 2 overlapping subsegments

each haviRg a wigiihlgbeinethiakin@af /N IWR 81 WIBERH @iE RRthad i Jirprauhsegment is

connected to an end of a metal line attached to the via and one end of the 4 nth subsegment is

connected to the.ptharsepenalithimansial inawrtiachasse abopsingrias moch Timheigin, atend of one

subsegment and an end of an adjacent subsegment form a bend at an angle 6 0 and said serpentine

patteyn igGmprHsed atatigasianehendng.rerends 24 e g thednal wlaihadd wheneinthe first and

second metal layers and the via are 2 substantially comprised of copper. 1 25. The method of claim 23

wherein tipgeiigih ahd subepdinRRtisiessetban ithenidtatame rnd afa st metaline eimseeand metal
line. 1 26. The method of claim 21 wherein the angle 0 is between about 45 and 135. 1 27. The method of

claing 21 whenairiaeteeliabiliidsires plestiofuthengemarises: afReatingedisaidsthsirate for a
predetermined period of time (t) and then remeasuring said via resistance by 3 repeating steps (a)

throggh (d) in witigh the appied currentamplitydeeipdirsais Yo lioarat dbeddGagongddandingapad in the
first metal layer has an amplitude V1T, and said voltage at the first 5 bonding pad in said second metal

layer7hassegpadnplitude Wetbndndiewia nasigtance is 6 determined by dividing (V1T - V2T) by IT.

1 29. The interconnect structure of claim 28 wherein said protrusion is comprised of a plurality
2 of “n” overlapping segments and a bending portion that includes a plurality of segments in which

3 anend of one segment and an end of an adjacent segment overlap to form a bend at an angle 0.

1 30. The interconnect structure of claim 29 wherein the angle 0 is between about 45° and

2 135°.

1 31 The interconnect structure of claim 28 wherein the bending portion has the shape of an
2 arc.

1 32 The interconnect structure of claim 28 wherein the first conducting layer, second

2 conducting layer, protrusion, and the via are comprised of a metal.

1 33 The interconnect structure of claim 32 wherein said metal is copper.
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1 28. An interconnect structure to reduce stress induced void formation, comprising: 2 (a) a first
conducting layer including a large area portion having a first width, a first 3 length, and a first thickness,
an enlongated protrusion having a second width and length, first 4 thickness, and two ends, wherein one
end is connected to the large area portion and the other end 5 is connected to a via and said protrusion

is comprisgd of ahleasiepmbandinsReriplaf{ by avna Ganneeiad ik st enddaitbecBratigien in the
first conducting layer and at a 7 second end to a second conducting layer. 1 29. The interconnect

structure @y &ladmedRvharRin HaichMOtMTIesLS gRMprisedaha Alialibow? O’ PHEERRRIRAEegments
and a bending portion that includes a plurality of segments in which 3 an end of one segment and an end

of ary adjagRntisagreobayedatulaiiermyerd aiermREIE MduB.2kbea inereaanect structure of claim 29
wherein the angle 0 is between about 45 and 2 135. 1 31. The interconnect structure of claim 28 wherein

the bending portion has the shape of an 2 arc. 1 32. The interconnect structure of claim 28 wherein the

frst qonduieting igyer, secand. sandueting fawen Profiusion, 809 10 vif ais eomprised of g metal. 1 33
The interconnec s%ruc ure of claim 5 wherein said metaPis copper. fn% ein erconne%{nstructure of
clalr'a 28 Vl\lll’tlﬁl’eln Epue first tthkP%%E %fatggu@rﬁ; annductlng tgelaé/er IS QV% eoefnaabout O.Zis%nﬁ 1 microns,

1 rotrusion 1S gre C S all COIX segment crween || .
the height o fHe Via is abott 0.2 to microns, and 3 wherein the second condu Ing layer has a thickness

of aba‘OUt Qb%&POI lrrellirﬁq%smicrons.

1 36. The interconnect structure of claim 28 wherein the first segment is formed along a first
2 axis and the nth segment is formed along the first axis or along an axis that is parallel to the first

3  axis.

1 37 The interconnect structure of claim 28 wherein the via is formed on the “nth” segment at
2 adistance of about 0.1 and 10 microns from the end of the nth segment that does not overlap

3 with the (n-1)th segment.

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

2 second width of said nth segment and the height of the via is between about 0.2 and 10 microns.

1 30. The interconnect structure of claim 29 further comprised of at least one extension at the

2 end of a segment adjacent to a bend.

1 40. The interconnect structure of claim 39 wherein said extension has a second width, a
2 length of about 0.01 to 1 microns, a first thickness, and is comprised of the same conducting

3 material as in the first conducting layer.
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1 35. The interconnect structure of claim 28 wherein the combined length of the "n" segments 2 in the
protrusion is greater than about 10 microns and the second width of a segment is between 3 about 0.1
and 10 microns. 1 36. The interconnect structure of claim 28 wherein the first segment is formed along a
first 2 axis and the nth segment is formed along the first axis or along an axis that is parallel to the first 3

axis.11 3% The inierserARFHeetuUsldrE Ot ClRUINRG RS IR EBE Wadi $FaRAIRH Qb IS 19 segment at 2 a
distance of about 0.1 and 10 microns from the end of the nth segment that does not overlap 3 with the

(n-1)th segmenta)la3@shminiaiseniesthavHEuraref G 23iwhrigimtheinidiidhsaidavia drilgss than
the 2 second width of said nth segment and the height of the via is between about 0.2 and 10 microns. 1
39. Bhe iptarconnect structure of claim 29 further comprised of at least one extension at the 2 end of a
segment adjacent to a bend. 1 40. The interconnect structure of claim 39 wherein said extension has a

secapd width, a1} lep@iineicabaubRGldtoot iidipnsoadiistitlitkRessaiapddseasaniisacof e same

conducting 3 material as in the first conducting layer. 1 41. An interconnect structure to reduce stress
indused veigtosetin, 1eapIRY isig: thickndsHrshaandusiinardayen et aifiisiMidihadinstlrRngth, a first
thickness, and sides; 3 and 4 (b) a protrusion on one side of the first conducting layer, said protrusion
havigg a segaRn has at least one bending portion comprised of a plurality of overlapping segments

7  each with two ends that are not aligned along said first axis and wherein said bending portion

8 includes at least one extension formed at the end of a segment.

1 42 The interconnect structure of claim 41 further comprising:
2 a via connected at a first end to the protrusion and at a second end to a second

3 conducting layer.

1 43. The interconnect structure of claim 42 wherein the first conducting layer, second

2 conducting layer, the via, and the protrusion are substantially comprised of a metal.

1 44 The interconnect structure of claim 43 wherein said metal is copper.

1 45. The interconnect structure of claim 41 wherein the end of the protrusion on the side of the
2 first conducting layer is a first segment and the second end of the protrusion is the nth segment in
3 aplurality of “n” overlapping segments each having a length, a second width, and a first

4 thickness.

1 46. The interconnect structure of claim 45 wherein one segment and an adjacent segment

2 overlap to form a bend at an angle 6.
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5 width, a second length, a first thickness, and two ends formed along a first axis, wherein said 6
protrusion has at least one bending portion comprised of a plurality of overlapping segments 7 each with
two ends that are not aligned along said first axis and wherein said bending portion 8 includes at least
one extension formed at the end of a segment. 1 42. The interconnect structure of claim 41 further
comprising: 2 a ¥ig ¢RRefiRe Al A lirseeid IR FAHSIPMARRX 8 RasQudaNbhidseqaad 3
conducting layer. 1 43. The interconnect structure of claim 42 wherein the first conducting layer, second 2
condyuctingdayer, the via, and the protrusion are substantially comprised of a metal. 1 44. The
interconnect structure of claim 43 wherein said metal is copper. 1 45. The interconnect structure of claim
41 wherein the end of the protrusion on the side of the 2 first conducting layer is a first segment and the
second end of t rotrusion is the nth segment jn 3 a plurality of "n’" overlapping segments.each having
oot secol e s HUFHCRTER 40 HCTHE SRR OB ISCESh EFe bt EVATROR horcin one
segment and an adjacent Sﬁgm%nt 2 fverlalp to form a bend at an angle 0. 1 47. The interconnect
structure GEEISH BRI hE 8Wg é) &' BBYween about 45 and 2 135. 1 48. The interconnect structure
of claim 45 wherein combined length of the "n" overlapping 2 segments is greater than about 10 microns.

1 49, The interconnect structure of claim 41 wherein said extension has a width of about 0.01

2 to 1 microns and a length of about 0.5 to 50 microns.
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1 49. The interconnect structure of claim 41 wherein said extension has a width of about 0.01 2 to 1
microns and a length of about 0.5 to 50 microns. 1 50. A method of forming an interconnect having
increased resistance to void formation, said 2 interconnect being formed on a substrate, comprising: 3 (a)
providing a substrate with a first dielectric layer formed thereon; 4 (b) forming an opening in said first

dielectricigyer anchggipasiingAdiishronduasing danavit thetdile saidiaprning voriddinshaepGINg layer
being comprised of a large area portion having 6 a first length, a first width, a first thickness, and sides,

and 2 protiesieRNaHbRIAESIHHRINGS 8. sabéEacoRshipAsthy:and a second width, said protrusion having two
ends wherein one end is 8 connected to a side of the large area portion and the other end is connected to

a viasand whereif) Srsaiginyatcusiomiasial least angebending pRitinsiangeplurality of "'n” overlapping
segments each 10 with two ends; 11 (c) depositing a second dielectric layer over said first dielectric layer

and gaid first 1259peHRtinghlayehimng i3ddiiouniRgtASREePdHIRRPGG GRNMATIseebatiacvircargaing

substantially aligned with the 14 nth segment in said protrusion and an overlying trench opening in said

second digkeenic davespdiind) dacte AesiiogdaGrEoRgeahciompayed BTl filtsSaichsReE0E RRemNg. 1 51.

The method of claim 50 further comprising forming an etch stop layer prior to depositing 2 the second
dielegtricdayer idhenetefistonilayen beipehekmipisest i @ atariahsstasiad e the G gtrupss onsisting

essentially of SiO2, fluorine doped SiO2 , carbon doped SiO2, a silsesquioxane, a

7  second length, and a second width, said protrusion having two ends wherein one end is
8  connected to a side of the large area portion and the other end is connected to a via and wherein
9  said protrusion has at least one bending portion and a plurality of “n” overlapping segments each

10 with two ends;

11 (c) depositing a second dielectric layer over said first dielectric layer and said first

12 conducting layer; and

13 (d) forming a second opening comprised of a via opening substantially aligned with the

14 nth segment in said protrusion and an overlying trench opening in said second dielectric layer

15  and depositing a second conducting layer that fills said second opening.

1 5l The method of claim 50 further comprising forming an etch stop layer prior to depositing
2 the second dielectric layer, the etch stop layer being comprised of a material selected from the
3 group consisting essentially of SiO,, fluorine doped SiO,, carbon doped SiO,, a silsesquioxane, a

4  polyarylether, benzocyclobutene, a polyimide, and combinations thereof.

1 52.  The method of claim 50 wherein the first and second conducting layers are substantially

2 comprised of copper.
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4 polyarylether, benzocyclobutene, a polyimide, and combinations thereof. 1 52. The method of claim 50
wherein the first and second conducting layers are substantially 2 comprised of copper. 1 53. The method
of claim 50 wherein the first thickness of the first conducting layer is 2 between about 0.2 and 1 microns,
the height of the via is between about 0.2 and 1 microns, and 3 wherein the second conducting layer has

a thigkness, of bewegaRkOst Qa2n25d W iBicrRse firsdhidadoednestafislain R uiersier said second
length is less than the first length and the 2 second width is less than the first width. 1 55. The method of

claim 50 péagERindhsuPotrsion MRS SeRONEiBRethRf grertssdham Bcinorans pRd@cRcand width of
between 0.1 and 10 microns. 1 56. The method of claim 50 wherein an end of a segment and an end of

an agjacericseameniceanesanitetiasnm dcband Atk Anglefarivesn Meaub4b.a8d 3ok 7. The method
of claim 50 wherein the width of said via is less than the second width of 2 said protrusion. 1 58. The

method of claim 56 wherein said protrusion is further comprised of at least one 2 extension on the end of

one of the segments beyond.a.bend and along an axis formed by the wo;? ds,of the s ent. 1 59.
The Tetiod of i B oher e L oA e N e R e B e 001 0 4

micrgns, a0d:A WL INEKAESRan the first width.

1 55.  The method of claim 50 wherein the protrusion has a second length of greater than 10

2 microns and a second width of between 0.1 and 10 microns.

1 56. The method of claim 50 wherein an end of a segment and an end of an adjacent segment

2 overlap to form a bend at an angle between about 45° and 135°.

1 57. The method of claim 50 wherein the width of said via is less than the second width of

2 said protrusion.

1 58 The method of claim 56 wherein said protrusion is further comprised of at least one
2 extension on the end of one of the segments beyond a bend and along an axis formed by the two

3 ends of the segment.

1 59. The method of claim 58 wherein said extension has a second width, a length of between

2 about 0.01 to 1 microns, and a first thickness.
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