Advanced Copper Damascene Structure TECHNI CAL FI ELD
[0001] This invention relates generally to integrated
circuit fabrication, and nore specifically to
metal I i zati on. BACKGROUND [ 0002] A conventional :
integrated circuit contains a plurality of patterns of
net-al lines separated by inter-wiring spacings, and a

plurality of interconnechaéines, %ﬁ%h ﬁs bus |ines,
bit |inesAdvinerd CopperddaPggra@s 8t fhect 1 nes.

Typically, the netal patterns of vertically spaced

TECHIg@RE@hﬁEﬁtion layers are electrically interconnected
y vial. Metal lines formed in trench-1ike openings
t

ypi cal |y extend substanti al | arallel to th
[0001] seribésgrvnienyelaisBeterallydo insgersel 8 caproasdy iimers
such type according to current technol ogy may conpri se
specificiliye rofllizgiad. | evel s of netallization to satisfy device
geonetry and mcro mniaturization requirenents.
[ 0003] A common nethod for formng netal |ines or
BACK(RQIGEDi s known as "damascene". GCenerally, this
process involves form ng an opening (or via) in the

0002) 91 EhSGHELfonhINhEEhRY  Frcuit tintins sgRRaiabepaichs of erdd diats y
spaced netallization layers. Avia is typically fornmed

separate#iaig E n?rgﬁgggeﬁ%\%l?%?!i%d z{/ﬂylﬁﬁﬁ@r FitbeormBEL IRES Bhdhths bus lines, bit

iai1s forned, the via is filled

lines, w%rmﬂthgﬁgagg E)Ieg);c i%%rc‘d?r&?ﬁ{nes af'j}p%ﬁy, XA ARBAbT verti@llk 3paced |

( ace o e dielgctrlc interlayer is then
e G5 Ry GO A LN o gy,
opningpiA o cnpraanaat i BB Ry Gt
devices gi?s?.lghatgines g:?:or%iililq%r‘go 3usrre%!£ %ct ro?ég%%%%%ﬂn%ﬁge f\llx\?etoli] rﬁcjrgfe'vcle B
metallization to satiéfy device geometry and micro miniaturization requirements.

{0003] A common method for forming metal lines or plugs is known as "dg.mascene“.
Generallf, this process involves forming aﬁ opening (or via) in the dielectric interlayer, which
separates the vertically spaced mctallizatipn layers. A via is typically formed using conventional
lithographic and etching techniques. After a via is formed, the via is filled with copper or copper
alloys. Excess metal material ori the surface of the dieleqtric interlayer is then typically removed

by chemical mechanical planarization {CMP).

[0004] An electrical field exists between two metal lines when there is a voltage potential
difference. A high electrical field causes mechanisms such as electro-migration. With time, an
extrusion may eventually be formed in the dielectric separating the two metal lines and shorting

the metal lines; hence a time dependent dielectric breakdown (TDDB) occurs. The magnitude of




extrusion may eventually be fornmed in the dielectric
separating the two netal |ines and shorting the netal
lines, hence a tinme dependent dielectric breakdown
(TDDB) occurs. The magnitude of 1 the electrical field
between netal lines is one of the determ ning factors
of TDDB, and the higher the electrical field is, the
nore |likely a TDDB will occur. [.0005] Vi
the electried! Gbb betwegn metat lincs & cueef thy gpieaminips &gy @\Srﬁlgﬂ ﬁ%&ve higher
Figure | illustrates an exanple. Via 2 is connected to
the electficaréitidlis, tHemeord |ikeind TE’&HWWéer@C@oupI ed to a high
vol t age. thal line 6 is a ground line at OV. An
[0005] el %%.\;éh& g[é : %Ltgqrgl:g psl“latré 8’91051%’ S‘CUBJEELQB rrm}h Bipural r ows

next to corner 8 is the
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hori zontal line A-A". The. e rus

substantygy s pmire A ol 4 GHRR oD et oy ARk BlsPlice field
starting fromnetal |ine 6 an ext din rd

shown it Figure L cBpicalialtora wral ins BEYIRGH ‘iﬂﬁf‘f\wtr ﬁ“t%q'igﬁgmfaﬁemggs
extrusion extends to via 2 or metal ne 4, g% g Th

section, the axthisien 1) Aasanginglest dgse fq e with rFSIPQCtﬁ%f‘ qmzioln’[?é % éA ¢

. shorted and the circuit fails. &OOOQ] The T

. extrusiop [ Ohingrisng mebl masdvenigraad fraspppial lng 6 fgmgd é@ﬁﬁ’&fr om metal
l'ines. Copper tends to mgrate nore readily than

line 6 andleliiidinpgoowad Mhygrethe dectitah Fisld sustongest: (Wiktimerihe eopsier
features are typically used for 0.13um and bel ow,

extends lh@X BER@aldine 41When it kosles yiasharawstal singl 4 1 themetad Eipgsiaggshorted
fields between copper features are stronger. Al so, :

and the GREPAMIs1 S typically used with [owk inter-netal

[0006] The TDDB problem is more severe for copper vias and copper lines. Copper tends to
migrate more readily than other.common{y used metals such as tungsten. Copper -features are
typically used for 0.13pum and below, therefore are more closely spaced and the electrical fields
between copper features are sironger. Also, copper is typically used with low-k inter-metal
dielectrics (ILD) that have low material density and porous structures. Therefore, fhe copper

features with low-k materials are more prone to suffer from the time dependent dielectric

‘breakdown problem..

[6007] Another problem caused by sharp corners is stress. The sharp corner 8 tends to cause

high stresses in the surrounding dielectrics and cause cracks in the passivation layer.




-dielectrics (ILD) that have |ow material density and
porous structures. Therefore, the copper ' features
with lowk materials are nore prone to suffer fromthe
ti me dependent dielectric breakdown problem [0007]
Anot her probl em caused by sharp corners is stress. The
sharp corner 8 tends to cause high stresses i'n the
surroundi ng diel ectrics .and cause cracks |n e

[0008]  palsseata Bk thy elbcirion lAsy oRROBFIR (R sR R i s reduced,
electrical field |ess concentrat d af corners n%
the comest 1eed heaganded, DI, BOPRERE G AT BE PRERGLHE botom
Typically, when a trench is forned, the corners at the
always hiystatconain desien/f chagare Howpyas the Heiys 8ECUYanyg P@gﬁaﬁf@fﬂuy
However, the radius of curvature of the naturall )
formed réupd wemlens G adegrate fos redscing el eglEied) garcentfadion pady EFE“-‘IShéeSIdCS
el ectrical concentration and stress. Besides, formng.
forming toonthabriceT wseIESxisSgproesehss may gnindaeseas grablgms: Fetraxamels, 1t is
ot her problens- For exanple, it is observed that
observedtilgt havwwaivilitihmett des bipiveBy haveihighkd gurirsve than gtidy metal lines
curvature than wide netal lines fornmed under the sane
 formed ud¥R e tskra@ SondTEoas. dhotfore, namrevowetklisds ate fomsedawierd SPRBdS
. where TDDB is I|ikely to occur. However, due to the
likely to $8c6 Bow@aslidag tetht efdro-idading effesrpiasdowl rhewddinas are thifmen éran
than -wide netal |ines so that t hey have hi gher sheet

wide methi9kSdodns ey TRES 1GEIRK Sheel fesibténdd Ofhepuf@elit Babt practdal i form
round corners by reducing the width of the netal

2R EnleMYENE! ON [ 0009] The preferred

nnmdcmhﬁg drﬁént 0 lﬁgogﬁgsent i nvention presents a nethod
of forming round bottomcorners for conductive |lines
in the integrated.circuit. [0010] Two approaches can
be taken to form conductive |ines having substantlally
round




bottom corners. In both approaches, a trench is forned
and conductive materials are filled in the trench.
The etch stop layer (ESL) approach involves form ng an
ESL underlying an inter-level dielectric (ILD). After
etching a trench in the ILD, the ESL is further
etched. Etching the ESL generates a polyner that is
: ~left at corner and thus rounds trench corners. The
SUMM/ADE BESEY NdPRPRMN i nvol ves changi ng et chi ng
chem stry when etching a trench so that the bottom
corners of the _tren are rounded. The .
[0009] app@boprekraisd erhodiBerf %gwsl’éeﬁ%fll éltvgflg}orb?resems ned d jGf forming
preferred enbodi nents of the pr sent i nvention. [0011]
round bdttmaouersdhaneedygtive ipwdn Sepledralgf CEH: pr esent
' invention, a via structure conprising two copper

I ABs iR tLREARRRLGE: BehdMb@vel Ihef RivimedubsmtiallPremd
[0610] ?ﬁ%s? %re formed over a substrate. A first

trenc MycTowy feheh ahd Bbrinetive eudriatssdre FBtd in the
MﬁmH”EFwﬁlﬁﬁiﬁkég#lrsg %Eigﬁgenerafes a po;yner t hat

_trench.'[@t {cggﬁtoﬁ 14 h gﬂ} @%a@? KREIves BAfIn %'&HESE%H&@@H[g%ﬂﬂdter—ievel

irst trench is filled with

er. or A
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d t LD t c
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t he trench openjn en etch fih
involvess g AT SR BNt L0 £ 5 oy g ik P pam comprs of the

openi ng. The via openlng and.trench o
trench arkirgunderl. iess heo pRREPECHSS 26 Bpiied étﬂ%"%y °'5me dc‘ﬁ?’%fe‘red
trenches for copper lines, the etching chentstry 'S
embodirsmijsud trepresontfinent@r round the comers. Wth round
bottom corners having a higher radius of curvature,

th b 1 o3 teS9G&eR AR, atvRdshabtlrd ddnprising
Hmlﬂ stﬁess %&%ﬁg&éﬁrrégﬁdlnéﬁﬁd?electrlcs i s reduced.

two c:op;lagelge H%GE aDE%ﬂ?l e?tyn%%tt% il RREAMNANGED and a first ESL are formed over a
| substrate. A first trench is formed in the first ILD and the first ESL. Etching the first ESL
generates a polymer that protects the bottom corners and thus causes round bottom corners. The
first trench is filled with copper or eopper alloys to form a first copper line. A via etch stop layer
(ESL), a via [LD, a trench ESL, and a trench TLD are then formed. A via opening and a trench
opening are formed. The cxposed trench ESL in the trench opening'ts then etched to form

~ substantially round bottom corners in the trench opening. The via opening and trench opening
are filled with copper or copper alloys. When etching trenches for copper lines, the etching
chemistry is adjusted to further round the corners. With round bottom corners having a higher

radius of curvature, the electrical field is less concentrated and the stress to the surrounding

dielectrics is reduced.




[0012] For a nore conpl ete understandi ng of the
present invention, and the advantages thereof,
reference is now nmade to the foll owi ng descriptions
taken in conjunction with the acconpanyi ng draw ngs,
in which: [0013] Figure | illustrates an electrica
field distribution between a netal |ine and a

nei ghboring via connecting to a netal |ine; [0014]

BRIEF DRGWIBTRON OFusis BRaSVNGEXt r usi on formed between a
nmetal |ine and a neighboring via connectlng to a netal

line; [0015] Figqure illustrates a
(0012] suBatEmerARPy HOBESBBT B EOR TS ARyt 1R 20

illustrative view of a roundln file 0
thereof, Bfegrmcets ndvit ihidsiig Fhe follogyipg dsseryyl gQ@E P“J‘gﬂ g\‘?\% 1"8? the
RS internmedi ate stages in the naking of a preferred
accompagyibg diamirgs, infwhidthe present invention; [0017] Figure 1 |
illustrates an application of the preferred enbodi nent

of p 111610 diAMISHRn bevoM RmStal gt A as
[0013] 5 F Pﬁ*h?@?gﬁéﬁ?eﬁéﬁg ayérs aﬁd [0018] Figure 12

ustrat n atlon of the preferred enbodi nent
nmghbor&‘fgvll%cmﬁe %?Of ARk m%vent ion, where two via structures
are in the sane netal |ayers. 5 DETAILED DESCRI PTI ON
[0014] OFFipliteUSTIRATNE 2EMBABIVENTSA POOES) 2 Fisis! HaadnA g nawlbereieng?
of the presently preferred enbodi nents are discussed
comumnh o@ehdilliinepel ow. It shoul d be appreci ated, however,
at the present invention provides many applicable

[0015] prggée;v pSEGIES Al 138 ho GRhubSa kAR gdé@? poBrfcdthd€and an
illustraiive view of a rounding profile;

[0016] Figures 4 throngh 10 are cross-sectional views of intermediate stages in the making
of a preferred embodiment of the present invention;

[0017] Figure 11 illustrates an application of the preferred embodiment of the present

invention, where two via structures are in different metal layers; and

[0018] Figure 12 illustrates an application of the preferred embodiment of the present .

‘invention, where two via structures are in the same metal layers.




enbodi nents di scussed are nerely illustrative of
specific ways to nake and use the invention, and do
not limt the scope of the invention. [0020] The
preferred enbodi nent of the present invention presents
a method of rounding the bottom coners of conductive
lines. Figure 3 illustrates a cross sectional view of
‘a netal line having a rounding profile.. A sidewall

DETAIDED WESTRIPT NS OF ZLIENITRATIVE BYBOPIMENHS v st rai ght ,

' although it may be a little slanted due to etching

oo19] &1 LR ST bS] s 0P DELIGAD pRALBH SmbdaiABls 4 distusded in detal

ottomline between points

below. Epwqd@lqgg#iﬁé t ant el‘%!it He pci'gsreﬁl! 19@(11:10&#09@%&@ apphcablc

nparing t l ength x of

d he tq
mventn%%%a%ﬁ%ﬁgg@wg%e%@@ mﬁaa‘% Vaf*ebe‘?*%&mﬁe%hx“%%a?%g‘
Th I
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al so be neasured by conparing its height y with the
and do paiaiit thesaght ofthePveRigdnet al line. It is understood.
that a round corner may have a substantially

[0020] no nTI’H:'Bn]-‘:fg:rrEﬁ Ldiaisn0bf Baipréahiintentidh pesghaiethdieof rounding
descri'ption, the roundness of a corner represents an

aver age ok [l iBu@hitel B eroeOsctidnal {iO0 213 métal line
'mehﬁ%%Fgg%' fg%“@?ﬁg nggF%ﬁggfa%tﬁglly round if it has a

having :gfogiﬂ ng grogli ]}{fgjlesgtdp g%tjvg ?Z%Eq)ﬁr'lg?ﬂaﬁoh?ﬁgﬂﬁﬁﬂrﬂgd dthough
it may be a htt?e ﬁanté/d due to etghing et%(ecéfrggrégiglﬁgemg’én points 14 and 16 is a round
corner region 15. A bottom line bet\&een points 16 and 18 is substantially straight. A rounding
profile can be measured by comparing the léngth x of round region 15 and the total length X of
-n.‘.he‘ bottom. The roundness reaches maximum value when x equals X/2. The smaller x is
compared to X; the less rounded the corner is. The roundness of the bottom corner. 15 can also be
measured by comparing its height y with the total height Y of the metal line?:. It is understood. that

a round corner may have a substantially non-uniform radius of curvature. Throughout the

description, the roundness of a corner represents an average radius of curvature of the corner.

{0021  Acomneris defined as substantially round if it has a rounding profile that can be

approximately defined as:

X3 >=x>=X/5  [Eq. 1]
S and  y>=Y/4 | [Bq. 21
nmore preferably,




By using the preferred enbodi nent of the present
i nvention, round bottom corners having the rounding
profile defined in Equations |I through 3 can be
formed. [0022] Two approaches can be taken to achieve
the preferred rounding profile. In both approaches, a
trench is fornmed and conductive materials are filled
in the trench. The etch stop Ilayer ( Lh approach
in?%$ﬁ§§:fﬁgﬁing an ESL underlying an“inter-I|evel
dielectric (ILD). After etching a trench in the M,
By us'mérthg pESkreh Smbstiitabrof elegheeht inventpum chund bottoregsenereloring §e
he” chem stry approach invol ves changi ng the etching

roundin%&gmeﬁgﬁﬂedmﬁﬁuﬁbﬁﬂﬂ gpuighe cinf enfobmad t hat the bottom
orners of the trench are round. These two approaches

can be used separately or. copbi ned i,n_the

[0022] enfowianeiedhepsantbgdalisp foashievs G BT .m”f“ﬁ‘é‘g gg{fg,éﬁé %g@#
the two approaches are, di scussed .in.detail .i

approactes sieagale iitfoned ap¢ epPHUCHVE @T&E’E‘]ﬂﬁ‘g Fgfeg%‘#eg $" ﬁw ?[ﬁ?cg Ug " ﬁ.tf)h are
cross-sectional views of internediate. st s_i.n

fyer (ESTOlpmpsoihvavp Tetans Sl SrROeR HBh 0 BreCIT1EL B e (LD Afer
invention. A via connecting two copper |ines iﬁh hemistr

etching £ B¢k th the BAd, theBfpisdurthienetshed e rang thedfenghropiers 1 he chemistry
dependent diel ectric breakdown. The preferred

spproaciemReldésBhai gingnhe stelins cireovstiyouiivd esbingdin Eaehr §adhnRbYE™

- formed for both copper lines. It is appreciated that

corners &8s trdndh BRthdE. Dicsé tve dpprwachel egnelve used separklebyeor cambiped in the
used in formati on of any other conductive |ine'as

prefene&\ﬁhﬁodirﬁérﬁimlﬁl'brbﬁﬁt ipveafiet. Mad denitofitremo appreschedpp discassed
t he conductive material, alternative conductive

. 1F | ALs pStshApi@s doped sem conductor, netal or netal
’nddﬂﬂgf%gé?ﬁcaﬁ a s% be used in other enbodi nents.

Conductive lines and copper lines .are used . .
[0023] i niFeguedsaribeagi 10 ¥R p@g,sg:ﬁ:&mna{ Yiews (afelg%p?%tai?eosﬁggef Hbr,Bi]malqng

Figures 4 through 6 illustrate formation of a lines is formed
of a prefbméd @mhadiymst ofibnpge} ipEeNtivhe VigicqRReging two copper ied.
Both copper lines are subject to time dependent dielectric breakdown. The preferred embodiment
presents how round bottom corners ¢an be formed for both copper lines. It is apprecigted that the
formation of the lower layer metal line can be used in formation of any other conductive line as
well. Although the preferred embodiment uses copper as the conductive material, alternative

conductive materials such as doped semiconductor, metal or metal alloys can also be used in

other embodiments. Conductive lines and copper lines are used interchangeably throughout the
description.
[0024] Figures 4 through 6 illustrate formation of a bottom-layer conductive line. Figure 4

 shows the formation of an ESL 22 and an ILD 24. In a preferred embodiment taking the ESL

approach, an etch stop layer (ESL) 22 is formed on a base material 20. Base material 20 can be




Shows the formation of an ESL 22 and an ILD 24. In a
preferred enbodi nent taking the ESL approach, an etch
stop layer (ESL) 22 is forned on a base material 20.
Base material 20 can be 7 any non-conductive material.
ESL 22 serves two purposes. First, it reduces the

m cro-loading effect and provides a nore uniforned
trench depth across a chip. Second, etching ESL 22

e G R Ry P 5 ISR e
arfaaqr%w%f.aﬁér%ﬁ@fw P AT YA e .

s gy g A6DKe R R0 ) BBl L= A1 e
e R A 3 U B AT
of BSL %Sé'ﬁ%%?g?ﬂ?ﬁ?éngﬁbﬂ%% 5‘%@@%@?9@% ¢ ey WA e 22

R nmat er i al haV|ng a_ dielectric constant (K val ue) | ower
‘has 2 proferzad Kpgigiot Betgtepdoorangiaheut §i o e pmbo ue%&%ﬂwn only the

hydr ogen, oxyge quorlne and their conbinations.|LD

Chﬂnmﬁ2$MN§mﬁﬁ%F%W%mﬂ§S¥%@ mgd. e.g., chemical vapor
deposition (CVD), spln on, atom c |ayer deposition

[0025] (- Ah@)mnnﬁﬁﬁms enhanegthe KSYDA PEOYD) lay@14 Qtdi&hbly comprises a
: | - known deposition techniques. The thickness of

material gﬁ‘ﬁ/u‘fjgez( 8PS aﬁlsmﬁtlﬂfk%nﬁ% ﬁm%f‘ thtaE] Qboﬁpflgi H&J LobBuits ﬂ?@§gen

ornmed therefore I's desired be small er than about

e AHET G B S .
chemlcal Vﬁ%()l‘ d% 05 tﬂm %(légl)g rsei];e ! r qgajﬂeg dgu%%mﬁ# fe%%[ga %!138%6‘ =

cvD (Péééﬁj)o aEAE e hiRg 9@?@5&!@% 9%@% s “ﬁ’e@%c‘&%fes SAEBZY Ll the
) thickness 0% the com?uc%vaelrr{ese 901’[\{\1@(? Elere%c?rg lis c%SlrelﬂQo ge small%r (51h : alg)ouﬂ)%r : ed ‘

[0026] Figure 5 illustrates a trench 26 formed by anisofropically etc:hing-ILD 24. Etching'
stops at ESL 22. In the ,prcferred.embod‘imcnt, the width W, of the trcnch 26 is smaller than

O. 15um. Corners 28 of the trench 26 can be rounded by using the chemistry app;oach. Etchmg
é%w such as CF,, CHF;, Ar, and O, are preferred when etchi.ﬁg ILD 24. In the prefetred |
emﬁodimeﬁt, the etching chemical confains oxygen in-the rangé preferably between about 1-% X
aﬁd about 10%, and more preferably about 5%. The preferred carbon content is in iﬁ_'ie range |
preferably betweeﬁ about 1% and about 10%, and more preferably about 5%. The preferred*
hiydrogen content is between about 1% and about 10%, and more preferably about 5%. In an N
-exemplary embodiment, by using an etching chemical containiﬂg 5 %_oxy gen, 5% hydrogen, and

5% c-;arbon, substagtially round corners are formed. The resulting round corners havc_é a rquﬁding




enbodi nent, the etching chem cal contains oxygen in
-the range preferably between about Y% and about 10%
and nore preferably about 5% The preferred carbon
content is in :tae range preferably between about 1%
and about 10% and nore preferably about 5% The
preferred.. hydrogen content is between about 1% and

about. 10% nd re. f.er abl bout 5% N c o1
st g S0 ARG R R . R B o

cont ai ni ng 5% _ ox n;. 5% hydrogen, and 5% car bon,
YOfdﬂméU%§fgﬁPW%FR§#Tg6%%§mgﬁFéé?s are formed. The resulting

round corners have a rounding 8 profile with width x
[0027] ADTHEESL/ 2 iohed biehodi ApblyMeots gefigatcdbeidtingBSL i2deTy@ndly,

the round region height y of about 114 of the height

the polymér Bftallch @wSQREHE te\eechligPRocefO Bidwkvel NBerEBlstil DolmdrHefn on the
ePOBmé{chzd. A polyﬁer'is generated by etching ESL 22.

. sidewalls BYPIHE Bbdtom of thenPR DY Bfecialiy hiodke B@t&iﬁﬁ:}(}_rﬁhﬁ PR O Hebsfore, there is
etching process. However, there is still polyner left

Jess etchi&ékottﬁ@conlﬁ.fs%\f@nloﬁm@[ﬂgcéshﬁ thR @leh&auRfio th PrdtéRidG Ff A polymer.

especially at the bottom coners 28. Therefore, there
is less etching to the corners 28 than_other aces.
[0028] i Figused ilherés ad’%f@ﬂi@ bapier et Weand 3o C’E‘?‘F’el“fff‘o?rijh’é‘i“?’3 i
[0028] Figure 6 illustrates a diffusion barrier |ayer
trench 26 Iareierd 0 s redferdbly tforwesd of pmagpiak eompEiging Hlanfuppiidaniyyg nitfride,
' Barrier 30 is preferably forned of a material )
tantalum, Comgiumi sitig, driotheniltemativesa Bhe mpigrialof g condugtyalings? ts
tantalumnitride, or other alternatives. The materi al
preferablyofoppdrer cppetaiidysyEonduntvedeidd wil) befasrread|ty axemper 3brCopper
copper alloys. Conductive line 32 will be referred to
32 is typi@8y ERPBELy BPositGepniin la@? of ed yeripeadricprieorliexd thgn plating to
- depositing a thin |ayer of seed copper or copper
fill the trefdH T8y A chbifibal pleakdn@l planarizition (CMP) iy thercierREmed\tacprdish el
mechani cal planarization (CWP) is then perfornmed to

-.u#mmioEQEﬁﬁﬁmbhﬁﬁn&QBQSI to the surface of the trench 26.

[6029] A dual damascene process is preferably pé'rformed to form a via and an upper-layer

- copper fine. Figure 7 shows a via etching-étop layer (ESL) 34 formed on copper line 32. Via ESL
34 is preferably a dielectric comprising carbon, .hydrogen_, and oxygen. A via ILD le‘iycr- 361s
formed on the via ESL lﬁﬁrer 34 providing insulation between copper line 32 and anlupper-Iayér- :
copper line that will be :fonned subsequently. A trench etch stop lzliye'r (ESL) 38, a trench ILD 40
and a‘hard mask 42 are formed, as shown in F igure"ﬁ’. The trench ESL ﬁ_ié-p:_referably formed by
| similar inethodé and using similar maif_:rials as for ESL 22. The materials and methods of _ |
forming via ILD 36 and trench ILD 40 are known in the art. The thickﬂess of the gecond ILD 40

deﬁnéé_the thickness of the top metal line and is preferably smaller than about 0;3'}1111.




[0029] A dual damascene process is preferably
performed to forma via and an upper-|ayer copper
line. Figure 7 shows a via etching stop |ayer (ESL) 34
formed on copper line 32. Via ESL 34 is preferably a
di el ectric conprising, carbon, hydrogen, and oxygen. A
via ILD layer 36 is forned on the via ESL |ayer 34
provi di ng i nsul ati on between copper |line 32 and an

[0630] UPP&hz! ﬁM@sﬁr&teg PR&Eod AR id HRhingi4k! A BSoth %s%g"laterlal (not shown)
subsequently. A trench etch stop |ayer (

s o 3L,y 0 e st i gl

fluorine c%g%]rjér%r ct@ﬁ{g%gw.g%uém atﬁ%su&%%ﬁ}l%ﬁlh an{n'rdn%ﬁ%egﬁo&iﬁ 'lélbou gh

teri a S
the wenct PG AR R R B RO R RS et et
via openng%tli %ng%sméh?{% . ntﬁftggcgeflgmgq e[rel‘%y%r c%ng nﬁrgar%i;rmg e’é‘ﬁ

'mdwd a via opening 44. A photo resist material (not shown)
is forned and patterned over the surface hard mask 42.
An ani sotropic etch, preferably using fluorine

[0031] coRigaiediithgtabcitt fgmga®, ofautcact byeaighic! Aeasissitaieebatgs
mask 42 and etches down through the trench |ILD 40,

through thiefserfade HESlma3842 ¥ BddvlsBh3Ggtame tSh@s.Dafo, §tb@31ﬁ%ﬁt thSlrerth
therefore form ng a via opening 44. The via ESL 34 -

- ESL 38 andrtBhsf6infing i€ trmQipkyih 05, TOWMRh vh @Y 46GORMR uskd REfOAR an
from bei ng etched [0031] Figure 9 illustrates the

 upper-laydr@bpRE liRwih el hENE RasoRERE ¢Rith ) oﬁ%émztr rt@d?ll a%o@[t(f: s, pm.
: uts t hrough the surface hard mask 42 and

_ hrough the trench ILD 40, stopping at the trench ESL -
{0632} 3!}1 the Hrefasgd cmbe ding UsiRg the Bt cappEsethtechatch Step baghr 38 is
opening 46 wil] be used to form an. upper-layeer :
- then etched Ggpdhe frgnpleorening 46; A5 bag basrdipeusted prexioyslef elehing tranadt FSL

W2 of smaller than about 0.15m
38 generates a polymer that protect the corners 39, therefore, cormers 39 will be substantially

round. In other embodiments, the chemistry approach is prefetably used for etching trench ILD
40:Ina mdfe preferred embodiment, the ESL and chemistry approaches are combined. The 7
exposed portion of via ESL 34 s etched. Because via ESL 34 is quite thin relative to ILD layers
36 and 40, process control and end-point dctection are much more closely controlied, thus |

limiting the likelihood of over-etching through the underlying lower-layer copper line 32.

R

[0033] Figure 10 illustrates formation of a barrier layer 48 and a conductive line 50 in-
- openings 44 aﬁd 46. Barier layer 46 is preferably formed of a material comprising titanium,

_ tltamum nitride, tantalum, tantalum _nitdde, and other layers as well. The barrier layer 46

s ‘ preizents via materials from diffusing into ILDs 36 and 40. The thickness of the barrier layer 48 -

is preferably between about 20A and about 3OQA2 and moré preferably about 100A. The
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[0032] In the preferred enbodi ment using the ESL
approach,trench etch stop layer 38 its then etched
fromthe trench opening 46. As has been di scussed
previously, etching trench ESL 38 generates a pol yner
that protect the corners 39, therefore, corners 39
wi Il be substantially round. In other enbodi nents,
the chem stry approach is preferably used for etching
.. .trench  ,LD.-40: .In r I :
cemaini G ey g oD AP R Bl G TRRGUIRTR LG NE oot
ortion of via. ES .S _etche ja ESL 34 is
pmfem}’g’u‘? PR ORPIRP ?reaﬁg&s'r 5(5&?[8 q ‘?fﬁto f%%/dgtp S{Q%@@Q%ﬁ%}% 0, process
control and endpoint detection are much nore closely
[0034] comondddiedlinet hatdng dubsradtiatig rauné boftirk edridrood farfned by the
over-etching through the underlying | ower-1|ayer copper
preferred éfi6od@rent pOOSEEschi Guertiod Ollelrbwisithosibe somers rradki-em extfusion less
barrier layer 48 and a conductive line 50 in openings
likely tohé f@ih@d 46 to BRlclds€ prol By bethGech & cpndifctivedb wnd 0 nEightafring
material conprising titanium titanium nitride,

features [Rtr@ | UillustiaBR hdhppiicatichlof 6@ praffisbdainte dinleAtydithe B@sete kvention.
The barrier |ayer 46 prevents via materials from

A first vRlisfrhdsk BemprAtOa ddpber 176 78 Mdiadd M, TNEa Vhidakn®sperdinet788n layer
- barrier layer 48 is preferably between about 20A and

(M-1). ABREIH vBOG e RO PINCE 2 RESLLHATVin 2RO, 46082 addie ﬁ,&quer line

remai ni ng space of the via opening 44 and trenc

64 in iay%?(ﬁ?%?_gigf&uﬁﬁ&l dd hh ek Wb £ engducii c}f%o' Bid & Bausing tirrée

y copper or copper alloys. is perforne
dpentl A AR AV 5 BT AR B e
e 74P SRS AEDl 2L OB RLGT SRR Tl e
bR AR P ROE SRS BRI PPE B BeE e
tain o D, SRy AR DDA Comg iy & riid pRoIE defined in
Equations 1 through 3 is preferred.

.{00,35] Figure 12 i_lIustrétes another appiicﬁtion of the preferr_gd embodiment. A first via
structure .comprises gvia 82 and copper lines 80 and 84. A second via stru.c_ture comprises a via
- 94 and copper lines 92 and 96. Both via structures are located in the same layers. An extrusion.
- 88 may be. formed at corner 86 of the copper line 80, causing time dependeqt diel'ectﬁc
breakdown. When the horizontal distance Dy is smaller t_han about 0.15{iin,a substantially round

bbttom_ corner 86 having a reund profile defined in Equations 1 through 3 is preferred.

' {0036} In a conventional integrated circuit, there 'maj} be eight or nine metal layers, or levels.
Metal level one (M1) is typically-the lowest and its metal feature size is typically smalles't._.'

. Conductive features in metal levels two through nine typically have greater diménsiqns and are

11




A first via structure conprises a copper line 70 in
layer M a via 72 and a copper line 74 in |ayer
(M1). A second via structure conprises a copper line
60 in layer M a via 62 and a copper line 64 in |ayer
(Mrl). An extrusion 68 may be formed at corner 70 of
copper line 60, causing tinme dependent dielectric
breakdown. Extrusion 68 nay be formed between copper

spaced fultheR F1ERvaNdits appeslinglof the imdprated bietmiebndiosppens ¢fi maaigevels
and via 72 depending on the electrical field

two throuhl Sihé ﬂ&hﬂaﬁe@@o thW¥eRe dédpbrdenoditizart blealdiowt arldelDo desur.

: smal [ er than about 0.15 un and/or the vertica

Thcrefored§u§§t§rﬁﬁﬂ R¥ind Bot&ixabdrdrs ark dadired bowbnddBitge features in metal level 2

substantlally round bottom conmer 70 having a round

(M2) and H%Qéﬂlclzv%lsd;ﬂfeh B8R0 otifored] datanodisetdedntbnlngliveIeaterep isefen leedan
035] Figure 12 illustrates another application of

0.15pm aﬁd‘/‘lﬁ tt&rx%ﬁ%&ﬁﬁéia:ﬁ:eﬁ%ﬂbdﬁ&mﬁan oftiorgin. via structure

conprises a via and copper Iines 80 and 84. A

_ second via structure conprises via, 94 ang) éﬁg
00371 | TReErebprea pebasimenaf o e FPaREh-aE e fipptially
the sane |ayers. ‘An extrusion. S8 npy be L d at
round botlowrenersger hdickiue aEe by RFAGaBELh oy @mii anging
dependent dielectric breakdown. Wen the horlzontal
etching chefintstrai@h pund bottwnedresrs having atBeief radivg s{gHraature, the electrical
substantially round bottom corner 86 having a round
field is lesprobédtetedefd thedirgss e atriaynding diclkselaiggth ralured. pr ef er r ed.
[0036] In a conventional integrated circuit, there nmay

- [003] ggltﬁél%}tthe%res?ﬁtqgvéﬂﬁ{>ﬂ%dl i@ ingd! tgkéveﬁ%t}lgleﬁ;&kvg@# %é;aﬁtlj ?le

i A B o S e,
o B s A gl
o s SUEL Bt RSB @ﬁ%@@%ﬁ@p ik

occur. :
embodiments of the process, machine, manufacture, and coznposﬂ:lon of matter means, methods

and steps described in ‘the specification. As one of ordinary skill in the art will readlly app_remate
from the disclosure of the présent'invention? processes, machines, manufacture, cor_ﬁp.ositions of
- matler, means; methods, or steps, presently existing or later to be developed, that parform
Substantially the same ﬁmcﬁori-or achieve substantialiy the same result as.the ca%Sri‘es‘pdnding _
embodiments described herein may be utilized according to ﬂle present ifivention. Accordingly,
'the appended claims are_intcn-dcd to iriclude within their scope such processes, machines,

manufacture, compositioné of matter, means, methods, or steps.
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Therefore, substantially round bottom corners are
desired for conductive features in netal level 2 (M)
and hi gher | evels when the horizontal distance between
conductive features is smaller than 0.15um and/or the
vertical distance is greater than about 0.3m [0037]
The preferred enbodi nent of the present invention can
be used to formsubstantially round bottom corners

far i.ve features by using an etch stop | ayer
Vﬂﬂgﬁ&sgiggﬁgh ghg etching chem stry- Wth round bottom

corners hayi.ng. a _hidh . Of cofdliMad Msitere abb @ second
L. eIé%ﬂWW%ﬂfyuﬁgﬁﬁ%uﬁse?égéﬂggncénf?atgd and the stress

. to_the surroundjing dielegtr. ' cabond 13838 ]round
'(mn¢*¥WM%ﬁﬁﬁﬂﬁgewﬁb§g%?n$%92%%kgﬁm%%g%$?§ advant ages have

__been described in detail , it HRder-st Rdifth the total
: WlthtﬂrﬁabS%ﬁﬁlﬁb'iﬁ’gn%ﬂ’%H@‘bga,w%glfﬂ?fllz?nﬁatq Pgérl}% graf\%gr alterations

can be nade herein. w thout. [ he fokal height
width efiths senend emdpgiee GaFEn G oy dE R A %’3 Gl "*‘2‘5%2% ded ®
clai ms- Moreover , the scope of the present
of thappiond aerideiive 2fB¢- i nt ended to be linmted to the
parti cul ar- enbodi nents of the process, nachi ne,
manuf acture, and conposition of matter, neans, nethods :
9 anghéﬁ%gﬁtﬂ%ﬁﬁﬁi{; hednkdofichem 3 pdeidii habettam ronad esraerst the second
ordinary skill in the art will readily appreciate

' condu B0 06 Hh SO RS Whith heuptieaabsut onviontth te fotal width of the
“processes, nmamchi nes, manufacture, conpositions of

tter. . I nmet hods, or steps, presently existing
€. ! ! .
SmngC?gygpef% é devel oped, that perform substantially
the sane function or achieve substantially the same

" result as the corresponding. enbod AeSGId Re8uct
3. heilb¢ integeedisércyjt W‘%"E’é‘i}l"fé@grld?e%m? {ggﬁﬁé g‘f) r es‘g%it e

i nvention. Accordingly,  the appended,cl| ai .

. feanirext e ched st dondjciitie IOpHaRd HRERBITHe @fétoab‘% SggR mp“?‘(dg%"é’sf%as“fres

machi nes, manufacture, conpositions of matter, neans,

havagespacids of less tienepeut 0. 15pm.

4 The integrated circuit structure of claim 3 wherein the first conductive feature further
- comprises a third conductive feature underlying and connecting to the first conductive feature.
5 The integrated circuit structure of claim 1 wherein the first conductive feature isata level

Jower than the second conductive feature and wherein the first and second features have a

vertical spacing of less than about 0.3pm.

6.  The integrated circuit structure of claim 1 wherein the first and second conductive

features are at metal level 2 or overlying levels.
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WHAT IS CLAIMED IS: 1. An integrated circuit structure
conprising a first conductive feature and a second
conductive feature wherein the second conductive
feature has at |east one bottomround corner wth a
substantially round portion having a horizontal w dth
greater than about one fifth the total wdth of the
Second conductive feature and a hei ght greater than

ut. one f t.et@m hehebin thofirst 4né ss@odmdnductive
7. E?Fewd?%%iggégﬁm. Thgllntegrated circuit

St ructy LigiyRaichntieuid aadphugr
featuggs arqRs egtgé grﬂ'a%he%gﬁ u%%\g/tﬁe%egsgt ure has a hori zont al

wi dt h greater than about one fourth the total w dth of

the second conductive featur 3., The
8. C|TMunkgs&dummumeuﬁﬂméﬁaaﬁ?i“&ﬂ%F@P%EFh%BFBrS? Sﬂicnve
~ second conductive features are on a sane conductlve
feanlr@wempesectopgeer ein the first and second conductive
- features have a spacing of |less than about 0.15um 4.
The integrated circuit structure of claim3 wherein

9. t h‘?h In{eggat G QRAMGEAMBrefofalatti € fifrthiet dvmiprising apo-kelelectric layer
) ductive feature under | yi ng and connecting to

the fiers EifeGBde€. 5. The integrated
bd“@ﬁpéﬁﬁf rucgg?%k%fig l'aim 1 wherein the first

conductlve feature is at a | evel Iomer t han the

"~ second conductive: feature apd, wher th t-Ap
10. setimidtefratetl girai stHGEED i claup wggqems % nlégxéc{c t{n% la Eompnses a
about 0.3pm 6. The |ntegrated circuit structure of
mateziabdetectbd ihertis groutheonsistingeskpplyof giPsth ﬁfghgq hg'drogeﬂ oxygen,
features are at netal level 2 or overlying levels. 13
fluorine and combinations thereof.

11 The integrated circuit structure of claim 9 wherein the low-k dielectric layer comprises a

poraus material.

12.  The integrated circuit structure of claim 9 wherein the low-k dielectric layer has a

dielectric constant of smaller than about 3.3.

13.  The integtated circuit structure of claim 9 wherein the low-k dielectric layer comprises 2

doped silicon containing material.

14.  ‘The integrated circuit structure of claim 13 wherein the doped silicon containing material
comprises a material selected from the group consisting essentially of carbon, nitrogen,- fluorine,

' f;ydr'ogen-, and combinations thereof.
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7. The integrated circuit structure of claim1l wherein
‘the first and second conductive features are selected
fromthe group consisting essentially of conductive
line and plug 8. The integrated circuit structure of
claiml wherein the first and second conductive
features conprise copper. 9. The integrated circuit
structure of claiml further conprising a | owk

5. di ﬁlaﬁqgé b&d LRN@ strubigtewrenin héudter stmpisthgsoctalidtop layer (ESL)
conductTve features. 10. The integrated circuit

undﬁ%ltg‘{ng %{ Hifa E&u&l G MR BrsnbRladtive tikigurk onthi setioad ewtdpgtgve feature.
yer conprises a naterial selected fromthe group

consi sting essentially of nltrogen car bon, hydrogen,

oxygen, fluorine and tlon tanit of
16. i ntlegnisgraigd éif‘r“étlﬁrfm@ferq%&[m ere aﬁth!r;n%g}2 er %%lﬁc% : Sons

I ow k dlelectrlc | ayer conprlses a porous material.
betwheh abPhed andubdi 8t ed circuit structure of claim9

wherein the lowk dielectric layer has a dielectric

constant of snamller than about 3.3. 13. The integrated
17. C'T&Hb&gﬁ&&UE&MﬁﬁuaﬁmQHahanSmh@maHhCEﬁbcp@ﬂﬂ%ﬁanmmﬂﬂ

dielectric layer conprises a doped silicon containin
sele&%%itfﬁﬁl'\ %E 0116 con-El%ﬁn% Bse@iaay eflcatban nitbgst, pxypenrkydufgen, an

3 mhereln the doped silicon containing nmateri al

mat eri al sel ected fromthe group
comﬁ%%gmgﬁgﬁa'essentialIy of carbon, nitrogen, fluorine,
hydr ogen, and conbinations thereof 14 15 The
integrated circuit str A £ between
18. cofiwr intsimgd ﬁ\ﬁcuéitsﬁfﬁc@fe i? W:h sz§ ﬁg Kligss of be
| east a portion of the flrst conductlve feature or the
abous 2¢Whehdabad36804e f eat ure.
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19.

16. The integrated circuit structure bf cl ai
_ _ alm 15
wherein the ESL has a dielectric constant of between
about 3 and about 8. 17. The integrated circuit
structure of claim 15 wherein the ESL conprises a
gater{alllselfcted fromthe group consisting
ssentially of carbon, nitrogen, oxygen, hydrogen
combi nations thereof. 18. The integrated c?rcu?t - and
o B U Tt dGo O @k Mialiftombanekion tthenSihdashed tomRtkngs s
0 Eetmeen about 200A and about 2000A. 15 19. A
{nﬁ y r.I(r)l faqg‘stfiﬁélwew kit (INDPsRonRestaten structure,
! I.me hod conprising: formng a first inter-|evel
|§W§%%5%3?§ﬂ$%@mqmgﬁmgﬂggbstrate; formng a first
Er inthe first ILD, filling the first trench wth
f g 1ﬂ_‘1fl1(ﬁ: e LrStFIraetnS{ \kfﬁlln cdrRu@remAedd fosforrs @ meki ebridvetive lme;
o ?_V|a etch stop layer (ESL) over the first ILD
{ hiormping a 'é_&&f &gpn%ﬁ&t(ﬁgﬁ) L g firk @ DIaR@thd firdt @ondubXienline;
;o tormng a trench ESL on the via ILD

formng a.t ch ILDIgﬁJthe trench ESL; e i i
. : etching a via
op@ﬁ“ﬁ%at‘ﬂ? gt PREEFEAch I1LD, trench ESL, vi g | LD

and stoppin th Vi SL; etchin
t =SL; g a second trench
thf%@ﬁ}ﬁattﬁégﬁgéﬁw%g\efﬁg“r% stopping at the trench ESL;

etching the trench ESL t rma substanti al
boﬁﬁ@ﬁ@@dﬁﬁ@%né?°Qﬁ%“§%%g%%gtrench; Y round

etching a via opening through the trench [LD, trench ESL, via ILD and stopping at the

via ESL;

rounded portion having a horizontal width greater than about o

~ second trench and a hei

etching a second trench through the trench ILD and stopping at the trench ESL;

etching the trench ESL to form a substantially round bottom comer of the second trench;

etching the exposed via ESL;
wherein the second trench has at least one bottom round corner with a substantially

ne fifth the total width of the

ght greater than about one fourth the total height of the second trench;

and

filling the via é.nd the second trench with conductive material.

90.  Themethod of claim 18 further comprising the steps of:

forming a first ESL between the substrate and the first ILD; and

etching the first ESL to form round bottom corners for the first trench.
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etching the exposed via ESL; wherein the second trench
has at | east one bottomround corner with a
substantially rounded portion having a horizontal
wi dt h greater than about one fifth the total wi dth of
the second trench and a hei ght greater than about one
fourth the total height of the second trench; filling
the via and the second trench with conductive y
21, el dhod Qi 1€ wWieizhodle Gfst tbihris dghefl by pheiching chemistry
conprising the steps of. formng a first ESL between
comrlMTHRSHIRL Ry 3AM O, a8d fihérsin thdhiagichembtigivomgrisdserxygen content
"T€t "BSL to form round bottom corners for the first

L& b-ab 09 oL fesh @hteal otibanviBn wher éVaranthbout 10%, and
ofb mm%@@%éﬁgﬁ fs etched by an etching chemstry

I rs
§At%ﬁb&ﬁéen S5E3100 Ahd arandi®2. and wherein the
C

hydr TR -
Y %ﬁghlng emstry conprises oxygen content of between

- about 1% and about 10% carbon content of between

~about 1% and about 10% .and. . hydrogen c %
2. bethmsashabalan ) EAar Ty G gt 526 oxyeen

claim 21 wherein the etchi ggenistr conpri ses about

cont&ipabougt §Encarkonpaight, andadgpt @g/% ?@Br‘fc’%%’ﬁtt ent, and about
5% hydrogen content. 23, ' The nethod of claim 18
wherein the second trench is etched by an etching

23. Chep rﬁétﬁéﬁ SR 118 viBrefethe séoblrBirentt is @ctatd 0F anethingehenistty
“the etching chem stry conpri ses oxygen content of

Dt wean @%pu% |. % @) Gn@PaktkinkRYetciiRg rmigontoentisafoxygen content
‘mHWﬁé%%eﬁ’a o&tnlwbgﬂdnabout 10% and hydrogen content

of beg\{v%elge %@?%ﬁg%éut]i%ﬁ?@&b&pﬁﬁenﬂ&%ewﬁn addhe 19eiddabownf! 0%, and

ereln the etching chem stry conprises about
0,
hydrggé)n%)éthr?tr(])f between about 1% and about 10%.

| 94 The method of claim 23 wherein the etching chemistry comprises about 5% oxygen

content, about 5% carb.on content, and about 5% hydrogen content.
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content, about 5% carbon content, and about 5%
hydr ogen content. 17 25, A nethod for form ng an
integrated circuit structure, the nethod conpri sing:
formng a first conductive feature and a second
conductive feature over a substrate; wherein the
second conductive feature has at | east one bottom
round corner with a substantially rounded portion

25. NI iIblEARLR o idvigneaneTut Hasnabolrompwet |t h
the total wdth of the second conductive feature and
a Rehabt ik SaldEiveaiushRus sebrd éaudnttive fdapire oteah substrate;
height ° of the second conductive feature; wherein the

S €% RIGn ‘Et%':’;g&b?xﬁ LN SIEERE ftereihSs A1QEFBsheldpitdro Farind gomer with a
trench. ‘and filling the trench with a conductive -

terial: WEL&I N HoRSoiltaIBRa dréatd iR aBot ynafifth the total
S“bs‘g{la'%ﬁ{yﬁ&““gﬁcgﬁ]&s‘%y o S O3, AT and 02

and.woerel noLhe O dCHRIIES et MBP oS e gethe total height
W“‘@Bﬂ‘lhgﬁ?m%dfcogé \?ggﬁe%g}tgout 1%@an about 10% car bon

cont ent 8f .bege\g@%}, about 1% and about 10% and
Ofﬂlﬁﬁ?ﬁa?)‘g%oﬁ’ ST ERTT6f bet ween about 1% and about 10%

. 26. The nmethod of, cl.aiin 25. Iy $leRGh dnb FilSlean
or i Rgeant eoteh oL P L b RE SR L3R F s
second conductive feature and the substrate. 27. The

trenohe RGO Uty Ao al fer ei n the first and second

conductive.features are on.a sane conduct.i I ‘ dnd O
whwhapin terienel e SiohsHe DeditE FSRIILCOD g Ere %‘3@ ’

a spacing of less than about 0.15m  28. Tré%ao tqo Al about
and whaeimtiRSianErcBeRISTN EOTRR118Y OXYSRR R &1 §eEkE urther

ure
conprises a third :
10% cag'l)on content of between about 1% and about 10%, and hydrogen content of between

about 1% and about 10%.

26.  The method of claim 25 further comprising the step of forming an etch stop layer (ESL)

between the second conductive feature and the substrate.

27.  The method of claim 25 wherein the first and second conductive features are on a same

conductive level and wherein the first and second conductive features have a spacing of less than

about 0.15pm.

78.  The method of claim 25 wherein the first conductive feature further comprises a third

conductive feature underlying and connecting to the first conductive feature.
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conductive feature underlying and connecting to the
“first conductive feature. 18 29. The nethod of clai m
25 wherein the first conductive feature is at a | evel
| ower than the second conductive feature and wherein
the first and second features have a vertical spacing
of less than about 0.3um 30. The nethod of claim 25
-wherein the first and second conductive features are

20. at Tiﬁ@h&hod SVElim 25 WheRWEThE Yirdd goldavbesfeatdr® is at a {evel lower than the

second conductive feature and wherein the first and second features have a vertical spacing of

less than about 0.3p1m.

30. The method of claim 25 wherein the first and second conductive features are at metal

level 2 or overlying levels.
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