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and has amécﬁm@a'i pxﬁigﬁig %él\lﬂ%e b}{e such method is known as damascene and basically involves forming an

opening in the ILD and filling the opening with a metal. Dual damascene techniques involve forming an

opening comprising a lower contact or via hole section in communication with an upper trench section, which

30 opening is filled with a conductive material, typically a metal, to simultaneously form a conductive plug in
electrical contact with a conductive line.

Copper (Cu) and Cu alloys have received considerable attention as alternative metallurgy to aluminum

(A1) in interconnect metallizations, Cu is relatively inexpensive, easy to process, and has a lower resistively

than Al. In addition, Cu has improved electrical properties vis-a-vis tungsten (W), making Cu a desirable metal

35 for use as a conductive plug as well as conductive wiring. However, due to Cu diffusion through dielectric

materials, such as silicon dioxide, Cu interconnect structures must be encapsulated by a diffusion barrier layer.

Typical diffusion barrier materials include tantalum (Ta), tantalum nitride (TaN), titanium (Ti), titanium nitride

(TiN), titanium-tungsten (TiW), Tungsten (W), tungsten nitride (WN), Ti-TiN, titanium silicon nitride (TiSiN),

tungsten silicon nitride (WSiN), tantalum silicon nitride (TaSiN) and silicon nitride for encapsulating Cu. The
1



than Al. In addition, Cu has inproved electrical properties vis-ii-vis
tungsten (W, making Cu a desirable netal for use as a conductive plug as
wel | as conductive wiring. However, due to Cu diffusion through diql;eggpr}ﬁ
materials, such as silicon dioxide, Cu interconnect structures nust b 005
.encapsul ated by a diffusion barrier layer. Typical diffusion barrier
materials include tantalum (Ta), tantalumnitride (TaN), titanium (Ti),
~titaniumnitride (TiN), titaniumtungsten (TiW, Tungsten (W, tungsten
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sub-m cron r egi meimplementiagrgbrventibual Usterahnect dechrohigyp sath metdintdscerear ri er

film such- Ta,. TaN,. Ti WN and W .beco oblematic.in various
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films, particular|ly Ta and TaN, the barrier netal- |ayers of ~choice, can
only be dep®8itisedorammBRIEge Yyre of & ernvpatinnal metsllic barger fnym)ch as Bai Tabs,
such spu ry h i -y . . i exhi hi.t. poot
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coverage and resi,sti,vit rqbl ens.. | .al.so re difficult to
acco m’rg dat e"%4l ‘iagﬁ?feﬁ%f‘% r@ﬁ’lse ﬁﬁﬁﬁcﬂ'{aﬁﬁl fff F%R? Z&&Fﬁi‘? gaé’é‘ﬁ'n metal Jayers of
t echnol ogy. cheoEsH &Y Be de%mio ted empEdyingiphysiesl vapér aégagﬁ&ﬁggygswl nﬂgﬁ%@gt i on

. technol ogy, gar.ti cularly for Cu damascene techniques, a ssues
gener at ed b$Ach &g sputienge ugh sonyeptignally smttersd flos exhibit pereronflrmat stepact - -
resisppvity et d hie? 8 8ceA N Bt | e ere exists a
particul ar cnOeecT‘ggor su% ’idrﬁpofrgg%%ga&ch{e cea’. e i Igpacﬁance

issues become acute along with the step coverage and resistivity problems. It also

becomes more difficult to accommodate misalignment problems in multilevel

mterconnection technology.
Accordingly, there exists a need for improved interconnection technology,
25 particularly for Cu damascene tcéhniqucs, addrcssing issues generated by reduced
" feature sizes, such as poor " éfep coverage, contact resistivity, electromigration,
capacitance and misalignment. There exists a particular need for such improved
interconnection technology for Cu damascene processing involving a highly

miniaturized circuitry baving a feature size less than about 0.13 micron.
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i nterconnection technol ogy for Cu damascene processing involving a highly
mniaturized circuitry having a feature size | ess than about 0.13 mcron. 2
AMENDED SHEET 2 7 SEP 2005 DI SCLOSURES OF THE | NVENTI ON An advantAf8Etif00§ he
present invention is a sem conductor device having a highly reliable
~interconnection pattern with features in the deep-sub mcron regine.
Anot her advantage of the present invention is a method of nanufacturing a
sem conductor device conprising a highly reliable interconnection pattern
with feat el egi me. Additional advantages and
" features o#hS§gig$y§g§t v=n?§§2ﬁﬁﬁﬁpﬁbe set forth in -part ‘in the
description whi gt ﬁ@tzﬂnmgs ofathd presen‘atxtvemwﬂ i e cemicoadpetoe dévito hhhingea
havi ng ordinary skill in the art X nlnatlon of t@@ tollomn or nmay
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present | né&gﬁg&c g of &Rl I7Edn rmY] bitl ed ARaRAr bE %M?gérged out

in the app al m; Accord| ng to the present I nvention, the egoi ng

and otfier agmivohdgesr device aoimpeishry anhightyt réliable fmtdotheotiomeputtear twith ng a
sem conduct or dewég t he rret hod conprising: formng a first dielectric

| ayer over |TAthgs @ BgHEERSHOIER 168H8S-a first metal diffusion barrier |ayer,
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surfaces of 't rst dielectric Iayer defining the first opening and on
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barrier layer w bar.r [ t he _second.
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dielectric layer; etching to form a first opening defined by side surfaces of the first

dielectric layer and a bottom; forming a second metal diffusion barrier layer,

comprising a second dielectric barrier material different from the first dielectric

" - barrier material; on an’ upper - surface of the first barrier layer overlying-the first

20 dielectric layer, on the side surfaces of the first dielectric layer defining the first
opening and on the bottom of the first opening; etching selectively etching the second

barrier layer with respect to the first barrier layer to remove the second barder layer

from, and stopping on, the upper surface of the first
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filling the opening with a netal to forma |ower netal feature. Another
aspect of the present invention is a sem conductor device conpri sj ﬁ@EPRZUUS
netal feature conprising copper (Cu) or a Cu alloy, formed in an opening
defined by side surfaces of a first dielectric layer having a first
barrier layer, conprising a first dielectric barrier material, thereon; a
first barryghdhder. conprising a second dielectric baggsrissnteri al
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electromigration. Embodiments of the present invention also enable a reduction in parasitic capacitance.




el ectrom gration. Enbodinents of the present invention also enabl e a
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in the semcon eni n di el ectric | ayer
cartal so fenedbt 4 & c*masqefﬁ ISP Nl atVWé""F'f‘ |°?“é'wmfaf“é%n”8ﬁ 8% ﬁﬁ‘m&ﬁ“ms
I nt er connfeted imelelidepesition.he openi ng can al so be forned by a dual danmascene
techni que, in IMpﬁﬂenanng:\ﬁéaﬁﬁk@JnaQEllnﬁ@mﬁi&alE}ieﬂ@ t\pichllp idtially BPositd® in the
si mul t aneé)a\lﬂlx%lceXe oanQnrg %da s@éélaﬁp Eegtlsiteq %QIQG%I tS.lxiBtﬁe seedlayers include, copper alloys containing
magnesium, aluminum, zinc, zirconium, tin, nickel, palladium, silver or gold in a suitable amount, ¢.g., about 0.3
35 to about 12 at.%. _
Figs. 1 through 10 schematically illustrate sequential phases inclusive of embodiments within the scope
of the present invention, Adverting to Fig. 1, active regions formed in a semiconductor substrate 10 are shown
isolated by shallow trench isolation 11, Such active regions include transistors 12 comprising gate oxide layer
124, gate electrode 12B thereon and source/drain regions 12C. An interlayer dielectric (ILD) 13 is formed

40 overlying the substrate and a barrier layer 14, such as a silicon carbide, silicon oxynitride or silicon nitride, is
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In inplementing Cu damascene techni ques, a barrier layer is typically
initially deposited in the damascene opening and a seedl ayer dep 'g?d

t hereon. Suitabl e seedl ayers include, copper alloys containing nzgl Z.qprﬁ
al um num zinc, zirconium tin, nickel, palladium silver or gold in a

sui tabl e amount, e.g., about 0.3 to about 12 at.% Figs. | through 10
schemat i cafybYékdshiSt rat e sequenti al phases inclusive etreshasirents within
the scope of the present invention. Adverting to Fig. 1, active regions
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nts of the present
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of diel ecf ning trench 32, as illustrated in Fig.5. After
ani sot ropFe(?"Séﬂd@‘l‘ﬁrﬁé‘“‘“%‘ﬁ‘é““éﬁ?per surface of dielectric Iiner 50, may ext end
bel ow t he uppetarimgiybeaefduahfampiiend ssectupes pre ¢pgampisey by egppadimentsiof thepresepigifpfiopyy

r ef er ence o Fa birsGikach fa@bld@dicinggst-via nit 8@t daGypde s t@bninjads Npal diygsiesalobeysing tSh e
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sur f ace ectric barr] renc
32 r‘g t heH““T fepesisd W’%“H"%Pﬁlfmﬁ 8’¥ a0 enal g erﬁnl?qr Shem t,'g% %lgercr@cgfglger 2.{@ 5ol i shi ng
(CVP) to Dislesmic lpyere 3 anfl fivee B0 depa%edgﬁ*b\ﬂﬁle‘FCﬁw Ii’i’“g‘“ laggr 725%68?&\”6&% & dt% 3¢

present i Ba@nkjeom firfalbudegecat Bet Bodepbiindstemeppaving is tbrefermpdshrapsigiop W%fé?)?%l ted
copper t 0 4fs Qi BB @lracds 788 oﬁﬂlecduﬂaﬁmhmd:zaﬁﬁholeals bahd:teEtherdicayie Befigen Ay seedl ayer

are typi Cal (]tacgs 7lgepge§egmc gyepl}f Ole éu% da Lo Q@ﬂlbggjm”égby MALLGHE Lypes of dual
danmascene*$ are’ enconp d D r’r&)o diments of the present
i nvéﬁt i on, trench last technique or a conventional trench ﬂlSt vxa las techmque

Advantageously, embodiments of the present invention provide a tolerance for misalighment. As
shown in Fig. 7, via hole 75 is misaligned with respect to lower metal feature 60 such that the bottom of via hole
75 is formed partly on an upper surface of metal line 60 and partly on an upper surface of dielectric barrier layer
31 strategically preventing spiking. Thus, via hole 75 is offset from a side surface of metal feature 60 by

35 distance "M" which would exceed the distance required for fulling landing on lower metal feature 60.

A dielectric barrier layer 80, as shown in Fig. 8, is then deposited to line the dual damascene opening
and on the upper surface of dielectric layer 74, with rounded corners 80A. Dielectric layer 80 comprises a
dielectric material which is different from the dielectric material employed for dielectric barrier layer 74,
dielectric barrier layer 72 and dielectric barrier layer 31, such that dielectric barrier layers 74, 72 and 31 function

40 as etch stop layers during formation of the dielectric liner for the dual damascene opening, Anisotropic etching
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including via first-trench last and trench first-via | ast dual damascene
techni ques. Dual damascene processing is exenplified in Figs. 7 tt2 rmlﬁo
buil ding on netal line 60. As shown in Fig. 7, a dielectric barrier Iayer
70 is then deposited conprising a dielectric barrier material different
fromthat of dielectric barrier layer 31. D electric layers 71 and 73 are
t hen deposybgdodsth @ dielectric barrier layer 72 thepepgénests and a
dielectric barrier layer 74 forned on dielectric |layer 73. A dual
danascenes togp eniluagd th Bmba e porfop pinte diclearivpayér $¢ fnqgp the vpreesidde oF Biclecie pirgeldyeby si de
surfaces 743Amef ushbRhrBEd I bxPostad¥i@en o?aelmelbaeneym Nelfee G2 BRNPGA LA teher et 0 and
defined baXd t§ Irerqx?e)ve th?;()l')lol;t}conacéed lechlc la(\é t&O fgomqhe%gtto opwa gi¥%r Tl?ejresulamgtrug{ﬂ'@is sl\gwscene

structure tional Via - tren st techni que
or a co nv‘%’ﬁ% P el rreiieh S’fg]“r‘c’@tg% Peéwef“d’éﬂtupﬁebsa’ifﬁﬁ"l | [‘.i‘%‘.hel?&'&?/gﬁ'tg é%%

ermbddi merdds sutficed df gielptrigdaert7! nd vig vpreosuiaor @\icldericebattiaglleger dh e f Heht g § H i gnnent .
As  shoWnyedwhn bk Gbpex burfaddloPaidtOiQinef 91 4n8 thmlp§éi kur b8 BChiclAbtdiclbarti@ B4, e.£.Gt db@vver net al

feature 6 A%o a%ou]g 5&6@ t l}l hdI%al Qa%a%egxmlgxdng 1L f’ﬁenhfﬁllecethh aﬁne!als sut:lsz f&qn@éﬁﬁ ls Yhex@n an

upper surtace 0y per ﬂul e ogl el ectric
barrier |gjted 503“1?“ ‘Eet‘ipléff wHiceA ?p‘iﬂ‘eé%}‘étﬁtl? b‘“‘%‘ﬁﬁ‘i‘“&‘lyﬁ% marRpSne “\’}’e "Ho1%e 75 is

of f set f remrrdaysi e Aguliref didatioparmivetagt of epping tager 60 ipthen @P%‘F&Wd@capsmte ki ch woul d
excged t hxﬂ‘etadiza%@l@@@mrhewxfeﬁﬁletaf @& 1008 kdnhetrgl tb ANTDAGecamy @neted mBbwat méiat ur e 60.

#di el ect r dnd'seédlayer ar osi t hen deposited to
line the %ﬂt glr hn% menl 1&%(116&912%@‘%!)&%&91% 4(’11 ] G c,ﬁiep Et%d p

ene openi ng f.dielectric
| ayer 74, wit I‘?‘dYaEfﬁ"FfH% S%‘?"ﬁ‘@?g dgﬁcﬁ? °ETegll'é8‘i“?’%J§°plw“h emf; % C% 7 rese?
di el ect ri igvemmt entpighighirelizhle intercogieftiompagsyts efhjbising edyesd Elfcé‘{’“é%‘t“P‘l E?d‘ﬁﬁtpé‘?si‘“él
enpl oyed &@kiakt Gk @Alckd GntRoEdsia@E. Thayse b aMblectriottiaeibr@Qdr pialdeshhaform wp cdvaiseer 72 and

di ebact ri &dBQJ&J a‘?eatemﬁé{a%&foﬂmsahédﬁﬁﬁl that dielectric barrier layers 74, 72 and

31 function Ilner
for the dual J&%@%{‘é‘ﬁ‘@“‘@b%%H&ﬁs“}iyapghc%h d/ n manuilflc(?unngnvanogpt ngJf%éngc%Edut&'

02/ 0780604RET/ USPEtAIBPBo] i5 P%‘W@H‘Y@éﬁ’fﬁfﬂ%t‘"e‘ﬁa“ffﬁft“P@rfﬁ\’}‘é’“déf°“ifcf?‘?‘ieso‘ﬁ“ 3‘1‘ 't he
di el ect ri Grclidpeeds o} desigiRatulaein ipParsutsnicrbraeggreof di el ectric barrier |ayer 74,
fromthe upper, g ric%ﬁ d&Iﬂe@é&Q@pﬁﬁﬂ thP P kit GRenth isHe@hRC kithl réferdded b bpedifichigyer 72

bet ween via hole 7 ver ot oR AUt hARs Bfy Wi el ectric
o ol e e L R R

in Fig. 9mehdhesap §’6“°E‘d‘ﬁﬁ3‘i“l‘=sfé’§‘ tﬁ beqedeptrrit 44 OFTARH BEHE per surface of
t he di el eaiind. dhd pridirai@Oind drvwinegkrepapedrdiraly gp %@Wﬁh‘é@%ﬂ“@f“ﬂpbﬂeﬁ&?‘iﬂl B ayer 71
and the URRELooS WhiliRGR Al invali6d iSGubdbie 6f BRF Vaki@E othady@binalizys agivehvimnnshts ghts gap 91A
bet ween the r Londt a8dA6lestcRRraitpper surface of
dielectri & %’ngcganﬁ#moaﬁcgmgsw“%E%S?&ggﬂt%lrlcv)ﬁ?@ 50,%\t togabout 500.. The dual
dané3cene opening is then filled with a netal, such as Cu, and CWP is then
conducted so that the upper surface of the deposi ted metal 100 is
substantially coplanar with the upper surface of barrier |ayer 74. Another
dielectric barrier layer or capping |layer 101 is then deposited to

encapsul ate the netallization 100 which conprises netal |ine 100B connected
to via 100A electrically connected to | ower netal feature 60. In

i nplenenting Cu netallization, a barrier |layer and seedl ayer are deposited.
Advant ageousl y, sem conductor devices forned in accordance w th enbodi nents
of the present invention contain highly reliable interconnection patterns
exhi biting reduced el ectrom gration, reduced parasitic




capaci tance and reduced contact resistance. The use of a dielectric barrier
| ayer enabl es uniform step coverage and provides greater tol erance for

m sal i gnment. The present invention enjoys industrial applicability21ﬁEP2m5
manuf acturi ng various types of sem conductor devices. The present
invention is particularly applicable in manufacturing sem conductor devices
with high circuit speeds having design features in the deep sub-m cron
regine. In the preceding detail ed description, the present invention is
described with reference to specifically exenplary enbodi nents thereof. It
will, howegkAIMS:eyi dent that various nodifications and changes may be
made thereto without departing fromthe broader spirit and scope of the
present invention, as set forth in the «clainms. The specification and

drawi ngs arke, ackasethobpfymanuadieringaysemicendastor Hevies, tha mehod sempsing:

restrictive. It js ..underst.ood ¢ ' ' td i s capabl e of
usi ng vari ous ot%@"@@gﬁﬁﬁéfoﬁSqu%akgﬁy%rm%ﬂ%% (:lgﬂ capabl e of
‘changes or nodi f foe@iroON Srdtimdlalndiffislon bapkr Wyet (81)) singea Eostatidlecttis
expressed herein. 6 2 7 SEP 2005 CLAIMS, 1. A nethod of manufacturing a

seni conduct arrietemitenal, omthefrstdicleetoiadayes(30%: forning a first dielectric
I 20 " iy : o ( (
barri o | nyer - ( 2S5ting So fHRC Bk Sobrhfie 2) b0y bl SREAE AL AURRT (o

- first diel egiblebgicliapee(30)38% a vettolt ng to forma first opening (32) defined
by side surfaces (30A) of the fi rsé_ dj electric layer (30) .and a bottom
formng a secondfomeing agsecend mstaly op bazyer la(”%il‘fo)cﬁﬂ‘b‘PPWﬁga gecord ond
di el eghri c_paftifrb iRl Shislia Uitk eheRtm ot BRidcidHardbahagkal G108k bher
material (31), on an upper, surface of the first barrier layer overlying
the first digleestufhce ofathe firgt3dyrierdayervererlying ¢hesfirst divdectund layéwe(30),ran the
dielectric | ayer defining.the.{irst, openi.ng apd t he, bottom_, o he

opent ng.  SefaL Evsiaey oL i, Sielsh Bt e B R AerRiRE oh COSBREPREIE ¢ he
first barrigfmelopihgt © renove the second barrier layer from and stopping
on, the upper surfacé of the first barrier layer, and to renove the second
barrier |ayer frosectivelybetching tbe seennd barrien laperewithgrespash o the Argsdhamiern of

t he second barrjer | '! ner i ) .c0f the
first (iéi el egaP'Frl C Tegfgrgg%%géoggh ni néa(y?g?o%'raé @tggg%%ncbrfkf%@;fp%gn | qu?ng
t he openi ngthwi filkt batiat ldyer, fand o serhamecthe sedtonl bafrizatiayee fob the biton bftheet hod
according tq claim 1, wherein the first and second. (4 dielectric
barrier mat FtAPEIARLICAWRE AROFI ShiPP 18 %ﬁﬂ%ﬂﬁ@réﬁaﬁgﬂ%@@i qn (g fide
nitride, surfaces (31A) of the first dielectric layer (30) defining the first opening (32); and

filling the opening with metal to form alower metal‘feature (60); -

20 .
2. The method according to claim 1, wherein the first (31) and second (40)
dielectric barrier materials are selected from the group consisting of silicon nitride,
silicon oxynitride and silicon carbide, the method comprising depositing each of the
" first and second barrier layers by chemical vapor deposition.

25
3. The method according to claim 1, comprising filling the openiﬂg (32) with
.copper (Cu) or a Cu alloy (60).

4. The method according to claim 1, further comprising:
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silicon oxynitride and silicon carbide, the nethod conprising depositing
each of the first and second barrier |ayers by chem cal vapor deposition.
. 3. The method according to claim11, conprising filling the openingZ(33P 2005
with copper (Cu) or a Cu alloy (60) 4. The nethod according to claim1,

. further conprising: 7 AMENDED SHEET 2 7 SEP 2005 formng a third barrier

| ayer (70), conprising a third dielectric barrier material different from
the first dielectric barrier material, on the first barrier layer (31) and
on an upper surface of the lower netal feature (60). forming a second

"~ dielectric layer (71) on the third barrier layer (70); forming a fourth
barrier |ayer (Z2)ymingarthird bamigr fayko(10) codirgisigta thirdidaeledtie bamiet rategial on

.. th d dielectric | (7). L f I, t hi di.el.ectrig | 73

o ne” ooy B r v AR el R0 S (7

conpri sing aﬁ‘#@%s}m&g&?&gw%&g&ﬂﬁgmﬁi al, on the third dielectric
e

i
| ayer (73),; Ing to forma dual danascene openi ng conprising an upper

“trencls portion fomhingdebtonddlidyctsic dayes (1) an dwe thitd Apret layee(76%c ond
dielectric layer, (71) ar otto on | east .a portion.o he. upper
surface of the IfSE%’lngn%{}gﬂ“%? &{ftﬁfgia %fo@t%f 8?‘?1?‘?@“%35? ﬁlﬁi‘eﬂi‘@r b?&g’ér
Sormj er material different fromthe

(80), compry3bidl &n thekébrd!dRileatie Rd(%fep , : , ,
first (31), fourth (72) and fifth (74) dielectric materials, on the fifth
"~ barrier layer (7omuogerhipidgiches ai¢iridS tieine deurticbdrageay {3)); on the side
surfaces (73A) f the ' | hC b I e 6), on
t he side surfacefgn?%,&)ﬁ@“)%ﬁ% E&%ﬁé@é’%@@@?ﬁwg&%ﬁ&%ﬁ% n %lg t he-
via hpd e ( ©Onthe eirddiglecticdayeo(730ne fourth Barrier |layer (72) between the

trench (76)- and via hole (75), .and at the bottomof the-. via hole;
etching to renpwichingtosformip @Al damaseens epening FRMBHNPEALMTCAFEBFh portion fifth

barrier. | ay R AR I Lb&ie |
bot t om of t@@ Siéa h%?éFeaviﬂggAﬁ%iﬁ?Fgﬁ&g? @ﬁg&éﬁf,ﬁ?ggﬁp&@%ygg as a
| i ner (91, @03t leasts hertion @ theupperastace 38KE lowertrhealt foatuck (GDR| ectric | ayer

B
15 different from the first (31), fourth (72) and fifth (74) dielectric materials, on the fifth
barrier layer (74) overlying the third dielectric layer (73), on the side surféoes (734)
of the third dielectric layer defining the trench (76), on the side surfaces (71A) of the
second dielectric layer (71) defining the via hole (75), on a portion of the fourth
ba‘h’-iér’ layer (72) between the trench (76) and via hole (75), and at the bottom of the. ..
20  viahole; _
etching to remove the sixth barrier layer from, and stopping on , the ﬁﬁh‘

barrier layer, from and stopping the fourth barrier layer, and at the bottom of the via
hole, leaving a portion of the sixth barrier layer as a liner (91, 90) on the side surfaces
~(73A) of the third dielectric layer (73) defining the trench and on the side surfaces
25 (71A) of the second dielectric layer (71) deﬁnilig the via hole (75); and
’ filling the dual damascene opening with metal to form a metal line (100B)
connected to an underlying metal via (100A).

. 5.  The method according to claim 4, comprising filling the dual damascene
.30 opening with copper (Cu) or a Cu alloy (10C) to form a Cu or Cu alloy line (100B)
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filling the dual damascene opening with netal to forma netal |ine (1OOB)
connected to an underlying netal via (100A). 5. The nmethod accordin
claim4, conprising filling the dual damascene opening. with coppé? SERP2R05
-or a Cu alloy (10C) to forma Cu or Cu alloy line (100B) 8 AVMENDED SHEET
< 2 7 SEP 2005 connected to a Cu or Cu via (100A) which is electrically
“connected to the lower netal feature (60). 6. The nmethod according to
claim4, further conprising depositing a seventh barrier |ayer (101),.
conpr i si ng EorEYEd ] J‘aéh?#@‘iﬁﬁb%l(ﬁlﬁ()%ﬁ&h TP @ly PAndfled HORRE 16WeTRGA Of
the sixth barr| er layer (74) and on an upper surface of the nmetal line
(104B). 7_'feAtuse(@0donductor device conprising: a lower netal feature. (60),
_ conprising copper (Cu) or a Cu alloy, formed in an opening defined by,
side surfaces (30A) of a first dielectric layer (30). having a first netal
di ffusion bg”' efhé dehod Bddordia® B dl&nda, Me@% Sﬁs&%rdlép%mﬁétééév%bth

t her eon; irst netal diffusion barrier |iner , conprising a second’
“di el ecbri c ba.'nr:r dayer (B0 icafnpdFinge3 sevently dlecrrec hmmr Idatehéctcm anb@pen er

t ' f 3 f the f | t
: Efgo)er Ibgt wee f‘ﬁg qft@\'g S%ﬁgt a%ﬁg'e Ces«gl‘é)(ﬁ’?) 3O&nt1f~P§)ef: r edP ec ! t% IF%%

(30), the fpm]g)_barrl er liner (50) having an upper surface extend| ng to a
di-stance bel ow an upper surface of the first dielectric layer (30). 8.

* Thesem - conduct or device according to claim?7, further conprising:.. a

second rreta -di ffu , conprising a third dielectric
barrier eria %h?[fj%ren{&?%vo%@%ﬁﬁepé&%t dielectric barrier naterial, on
the fitost barr| ealéxamemetal &Jahneveﬂob,wdﬁg)ﬁshg dolppést (Cli) Ir 0T lioy, Fshed B0) |
and a dual damasgen L{)tu e f ég& g %;Iéi?citrl Ko IIy connected to the
| oner net af® PRSHRG Belmsg)oy ‘FS 049 oF a fasthigleetri "é’ef: bragmggﬁrat -

second di el ARl sERE arkidr dh Ra! £ third
nmet al dlffugfaoalrll barri éer arglle}Fer?ﬂQ npr !geng ab%}n qlﬂﬂlﬁ%nel ec rlc barrier
material, on theaﬁﬁmahdl&lso (507Epmpmsn1g|acshcdncbﬁxdmm<sbdmmer

(73) onthetb' rri e ourth net.al 3ff on, barrier
| ayer (74), & fi’?f t%?m%%ﬁrdéd? %Ctt&f 5t PR rid} 1 @ >—1 nn@f3 5% t he
thirdigi el eGOA)Coﬂ myW&%c layer (30) between the lower metal feature (60) and the

' first dielectric layer (30), the first barrier liner (50) having an upper surface extending

to a distance below an upper surface of the first dielectric layer (30).

8. The'Semi-conductor device according to claim 7, further comprising:
20 a second metal diffusion barrier layer (70), comprising a third dielectric barrier
material different from the first dielectric barrier material, on the first barrier layer
(31) overlying the first dielectric ias'er (30); and
a dual damascene structure formed on and electrically connectéd to the lower
- metal feature (60), the dual damascene structure comprising:
25 a second dielectric layer (71) on the second barrier layer (70); |
a third metal diffusion barrier layer (72), comprising a fourth dielectric barrier
material, on the second dielectric layer (71);
a third dielectric layer (73) on the third barrier layer (72);
a fourth metal diffusion barrier layer (74), comprising a fifth dielectric barrier
30 layer material, on the third dielectric layer (73);
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9 AMENDED SHEET 2 7 SEP 2005 a dual damascene opening conprising a
trench (76), defined by side surfaces (73A) of the third dielectric |ayer
(73), connected to a via hole (75), defined by side surfaces (712ASEBf2006he
second dielectric layer (71) and a bottomon at |east a portion of the
upper surface of the lower netal feature (60); a second netal diffusion

- barrier liner (90,91), conprising a sixth dielectric barrier netal
different fromthe first, fourth and fifth dielectric barrier materials; on

the i de surlacesnbl ithane biSNAPCARgdNELEhEL 7006l 19)sidebicticng e

via hole (75) an e side surtaces(7 the'third dielectric |ayer:
(73) defi ni(puAY bPthirikind Wicleotri® )ayerntid), mnentedtaGu via halg ({odgiingd by side t he

Chi i of aennees U iyt 09 sscon diceean Wer (11 i € oy chiaf il g g
dielectric &@M@B%&%ce‘@}iﬁﬁ%wieﬂmeahﬁe@@ﬂ rically connected to the | ower

netal feature e sem conductor device according to a claim S8,

wher ei fi: an upper second asgalodiffusion shasaerdlings (PP.Q1L), | qomprising0s sixth digleddtige

surfaces (71A) of second. di ekectgic | A xtiends t i st ance

bel ow t he Lﬁf‘ﬁé‘?‘ IE‘E‘P# @?&f#m%ﬁ%#ﬁ {Bléqu? iagg%ﬁgy%@ez ?E) ; a%dﬁ%gtﬁgﬁ%béé.

surface of dﬁ,@ 8id aupmsks- (FTRAY b the deoeiid (Rlettricolaydr@1 ) Hefnifg tHeavia HolsB8@)S) of

the third dielectric |ayer (7§ ext eknds_ to.a di_st] ance_bel qw t he upper

surface of andeon fugusiddh siggaces 67> Magietbe(thgy diclactge lpge (BofeEsmubedrergbyi ce'

. accordi ng t&Gf-l aibm 8, wherein the first (30), second (50), third (70),
fourth (72)% ’iaf’flh (74) and sixth dielectric barrier (90, 91) materials are

sel ectgd from t heu @t auqu alieys(190) filjingf the idhalcdxmasidnel dpeningidnd formingrabCde and

- sthieon Oxgrm&g ralllgye iiméL ?IOI(E)rIT?B nf\ %%%Edﬁa‘fgcgc layer (73) connected to 2 via (100A) in

the second dielectric layer (71) which, in turn, is electrically connected to the lower

metal feature (60).

15 9. The semiconductor device according to a claim 8, wherein: .
an upper surface of the second barrier liner (90) on the side surfaces (71A) of
the second dielectric layer (71) extends to a distance below the upper surface of the
third barrier layer (72); and
an upper surface of the second barrier-liner (91).on the side surfaces (73A) of |
20 the third dielectric layer {73) extends to a distance below the upper surface of the
fourth barrier layer (74). - '

10.  The semiconductor device according to claim 8, wherein the first (30), second
~'(50), third (70), fourth (72), fifth (74) and sixth dielectric barrier (90, 91) materials are
25 selected from the group consisting of silicon nitride, silicon carbide and silicon

oxynitride.

10

£y AMENDED SHEET




