RELI ABLE | NTERCONNECTS BACKGROUND [ 0001] The
fabrication of integrated circuits (iCs) involves the
formati on of features on a substrate that make up
circuit conponents, such as transistors,
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connecting the'device to, for example, other devices.

[0002] As critical dimensions (CD) continue to shrink, time dependent dielectric breakdown
(TDDB) has become an important reliability issue. For example, the destruction of the dielectric
layer can cause interconnects to short, rendering the IC defective.
[0003] From the foregoing discussion, it is desirable to improve TDDB to increase IC
reliability.

SUMMARY
[0004] Embodiments generally relate to a semiconductor devices and methods of forming a
semiconductor device. In one embodiment, a method for forming a semiconductor device is
presented. The method includes providing a substrate prepared with a dielectric layer formed
thereon. The dielectric layer has a conductive line disposed in an upper portion of the dielectric
layer. The method includes processing the substrate to produce a top surface of the dielectric
layer that is not coplanar with a top surface of the conductive line to form a stepped
topopgraphy. In another embodiment, the top surface of the dielectric layer is below or above

the top surface of the conductive wherein such configuration improves TDDB.



sem conduct or device. In one enbodi nent, a. nethod for
formng a sem conductor device is presented. The
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fol l owi ng draw ngs, in which: [0008]Fig. | shows a
drawing¥ossvlgeet i onal view of a portion of an embodi nent of
an | C
[0008] Fig. 1 shows a cross-sectional view of a portion of an embodiment of an IC;

[0009] Fig. 2 shows a cross-sectional view of a portion of another embodiment of an IC;
[0010] Figs. 3a-d show a process for forming an embodiment of an IC in accordance with
one embodiment of the invention;

[0011] Fig. 4 shows a cross-sectional view of a portion of yet another embodiment of an IC;
[0012] Fig. 5 shows a cross-sectional view of a portion of another embodiment of an IC; and
[0013] Figs. 6a-d show a process for forming another embodiment of an IC in accordance

with one embodiment of the invention.
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100091Fig. 2 Shows a cross-sectional view of a portion
of anot her enbodi nent of an IC, [0010]Figs. 3a-d show
a process for formng an enbodinment. of an ICin
accordance wi th one enbodi ment of the invention;

[0011] Fig. 4 shows pre¢nosEpSseddRalioW ew of a portion
of yet another enbodinment of an IC, [0012]Fig. 5 shows
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compiteBCedssHoses, @hd PSRN LAER ants (PDAs).
[0015] Fig. 1 shows a cross-sectional view of a portion of an integrated circuit (IC) 100 in
accordance with one embodiment. As shown, the portion includes a substrate 105. The
substrate, for example, comprises a silicon substrate. Other types of substrates, such as silicon
germanium or silicon-on-insulator (SOI), are also useful. The substrate may include circuit
components (not shown) such as transistors, capacitors, or resistors formed thereon. Other types
of circuit components are also useful.
[0016] A dielectric layer 130 is disposed on the substrate. The dielectric layer, for example,
serves as an interconnect dielectric (ICD) layer in which interconnections are formed. In one
embodiment, the ICD includes lower and upper portions. The lower portion serves as an inter-
level dielectric (ILD) layer while the upper portion serves as an intra-metal dielectric (IMD)
layer. The dielectric layer can be a single layer or multi-layered stack. For example, a single
layer can be used to serve as both the ILD and IMD or separate layers are used for the ILD and
IMD. In some cases, an etch stop layer can be disposed between the ILD and IMD.
[0017] The dielectric layer can comprise, for example, silicon oxide. Other types of
dielectric materials are also useful. For example, the dielectric layer can comprise doped silicon
oxide such as fluorinated silicon oxide (FSG), undoped or doped silicate glasses such as boron

phosphate silicate glass (BPSG) and phosphate silicate glass (PSG), undoped or doped thermally

grown silicon oxide, undoped or doped TEOS deposited silicon oxide, and low-k or ultra low-k



The 1 Cs can be incorporated into, tbr exanple,
consuner electronic products, such as conputers, cel
phones, and personal digital assistants (PDAs).
[0015]Fig. | shows a cross-s ctional view ofa portion
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R/ 0191The conductive lines can includ.e a barrier 155
lining sidewalls and bottons thereof The barrier
prevents the diffusion of the conductive line
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[0024] The second ICD layer 275, like the ﬁrst ICD layer 130, includes lower and upper

portions corresponding to ILD and IMD. Second ICD layer may comprise a single dielectric
layer or multi-layered stack. Conductive lines 260 are disposed in the upper portion of the
second ICD layer. Contacts 263 can be provided in the ILD, for example, to couple the

conductive lines in the IMD of the second ICD layer to conductive lines or contact regions



dielectric |ayer serves as another |1CD | ayer of
anot her interconnect |evel. For exanple, the first LCD
| ayer 130 serves as the first interconnect |evel and
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upper or IMD portion and a lower or ILD portion. The ICD can be a single layer or multi-

layered stack. For example, a single layer can be used to serve as both the ILD and IMD or
separate layers are used for the ILD and IMD. In some cases, an etch stop layer can be disposed
between the ILD and IMD. The ICD layer can comprise, for example, silicon oxide. Other
types of dielectric materials are also useful. For example, the dielectric layer can comprise

doped silicon oxide such as fluorinated silicon oxide (FSG), undoped or doped silicate glasses



upper or IMD portion and a |lower or |ILD portion. The
1CD can be a single layer or nmulti-layered stack. For
exanple, a single layer can be used to serve as both
the ILD and I MD or separate |ayers are used for the
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useful.



dual damascene structure, The conductive material, for
exanpl e, conprises copper, alum num tungsten, alloys
such as Al doped Cu, M doped Cu, or a conbination.
thereof Other types of conductive materials, including
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[0032Lhe ﬂc@gs%ﬁgﬁalr@ttﬁé lﬁjfa%e of HﬁhCﬁﬁ?f&gE géﬁ%v‘e\d% 3Ny arlzmg process

arrier materi a Imlar to anmascene p ocess

ot PR ADEC R BB TS0 B VRS R Bl B pagiye o

bet ween t he conductive |ines and ND 100331Referr|ng

barrie gaferigls ogihe susgace gh igdC layer aseeempved by agosishing weerss; sich as
a top surface 358 of the conductive |ines are recessed

chemipa Inpsehamiealtpopstsng.f ther 832s of plahaiAi@d1 myjighing pravesses are also
di stance creating a stepped topography. In one

usefulerithe golistiiig prokesds Snabiauud@ b4 polisBidpestepsad uesovelthd Hifferent
are al so useful. By creating a stepped topogaphv, the

materi@fsf 8&chiaV @otiuStitN&R) BEHYEERARL2ISihiRe® &ANdPSascene process, a
i ncreased, This inproves the TDDB of the |CD, % JE%

planarECATERE shEbL B b ko A PSR Pf Feogey i gng 4L and @ planar

ess t.he conductjve I bel ow t he surface of the
surfacg gﬁ“feﬁ?/g}e copg Cliygaings an @? | P can he used to recess
the conductive [ines. Qher techniques can al so be
[0033];s e Referipg éeEig. Bhehe ovnilietive/lndsiaprerscespad vdwmue tapsarface 358 of
material can be over polished by GNP. Alternatively,
the cordwhivh&inds dre odvrisgd éslowf ihe te@xamle33Zef the ICDdayt bk a distance H,
back, are also useful. [0935]Referring to Fig. 3c, an

creatu@ &he}ffﬁe@ F(!%l y3 1R ohS eBRARIch€ G QRbERE SOLUBOR! btBer ValRs of H are
of the | conductlve lines. In one enbodi nent,

also u§eel?l§h %f(!?ea?fngy St %H té;fbgﬁ[pgz Efie Shikd %rﬂlﬁéﬁﬁr eldfyeed Pff‘etal lines can be

a con UCtIVG ayer,

e a_net S r a co te of
%f st Eﬁ%irf%ﬁi Pig%s'i B e e gD o
nple is deposited b or el eetrol ess- platlng
100341c1 hdP opeeRRPHmsat, %Pved%epfaeqtmchergw@ma@&ﬁ pstiopngddy agcess the
is al so useful. The thickness of the etch stop |ayer
condugtvedinssbelg®he s5davefodtheliCad boer. i korratmpleat-COR haralse used to recess
silicon nitride or 40 - 60A for conductive nateria

the cosdietivaiinéso \WherQetlgtiqidlicak (RS e sisal 16 rades9thesBhdictivAines. The
additional dielectric layer 375 as shown in Fig. 3d

condu@tﬁfé Iﬁﬁexflﬁrcﬁﬁ deQvEr (;ll*gﬁe@lg)pbl\/ﬁi OR1trA¥Bely? Eebh bhBE techmg\les, for

dielectric layer, for exanple serves as an addition
examplleCl;)e eay‘%ret&oggcﬁs réfjs'oquﬁl? an additional interconnect
exanpl e, conductive lines and contacts can
be fanned in the additional 1CD I|ayer,




[ 00361The process continues to formthe IC. For
exanpl e, additional processing can include formng
nore | CD | ayers and interconnections, final

passi vation, dicing, assenbly and packaging. QOlier

[0035PT OCR&EEH % ?1%?‘%5 Unis&l sli’éépn F%?bjlg H%)dqsf]te@&?ﬂ% sfbstrate, covering the

Cross- sec i onal view of ment

top ofgﬁ{)fd{‘ cél%gr%gu AS deiugﬁrﬂ ng ﬁ%{h s?op Lo Ildlglggseg silicon
.. ..Silicon sub trate. er t strate such as

nitridg; | gswhgplp GRAG 61|so 93 co tlgq eru e pmp ﬁaemetal layer such as
substrate nmay include circuit conponents (not shown)

CoWR e la camppsiterdidialentss ansapete] kapers, Toe cichsioptlayes, fooexnsple, is
thereon, Ot her types of circuit conponents are al so

deposite&by CVH 0038itd]db-plasiapr Othdr aguhini didOfor slepb siipgseleton stop layer is
the substrate. The diekctric layer, for exanple,

also u§&FiN €EheahicRiksk G RY @I stdplaWHi§ Bbd il B 8 CARNR §r RASctAE ﬁlatenal such
formed. In one enbodi nent, the |ICD includes | ower and

as s1h+7@ﬂ%¥nc%ﬁ{rt4bo DA fﬁ] Sorldﬁ@%;et rHQtrehhloﬁcl’? Gl &Ws%gﬁ tjgl'cglrldsses are also

l'e the upper I'on serves as an
The

| ayer or
useﬁﬂmmg figiel feg{ﬂéﬁ&yerégg oZSheiir o Ha 6 e Pagpdoveaghe tch stop
be used to serve as both the 11D and ! MD or separate
layer 34} efhe diglgctrig davar oy expmple, @vemas updditiongbld teaeresrregppnding to
etch stop | ayer can be di sposed between the ILD and
an adduiddnal [r0©88EElcdéle [Fec txanpl, apadudtian linesmurd @afacfsaan be formed in
exanple, silicon oxide. Oher types of dielectric

the adfiogni 1@s1agée al so useful . For exanple, the di eI ectric
Iayer can conprise doped silicon oxide such as ' PSG

[0036]556, rQ&esQ@cﬂﬁﬂ ope ﬁl?]&eqwlsf%‘?%x V\gl'@ At ith gé%ro@%gmg can include

doped or er mal gro

dope OS depo xi de
formifi i8R [ HRRRS iR aaR flfl% s Séiroiesg8bsnd
and PSG Pr ef er abl at | east the |I.MD | ayer conprises
packagngo\g_ﬂp@r@goqupsteﬁ arqasnyeetilel ectric material .
0040] I nterconnect lines 450 are fornmed in the MD
[0037£)or tHigrt showshg:rq@-slegtymal vigiWwef another embodiment of a portion of an IC 400.

As shown, the portion includes a substrate 405. The substrate, for example, comprises a silicon
substrate. Other types of substrates, such as silicon germanium or SOI, are also useful. The
substrate may include circuit components (not shown) such as transistors, capacitors, or resistors
formed thereon. Other types of circuit components are also useful.

[0038] A dielectric layer 430 is disposed on the substrate. The dielectric layer, for example,
serves as an ICD layer in which interconnections are formed. In one embodiment, the ICD
includes lower and upper portions. The lower portion serves as an ILD layer while the upper
portion serves as an IMD layer. The dielectric layer can be a single layer or multi-layered stack.

For example, a single layer can be used to serve as both the ILD and IMD or separate layers are



i nterconnect lines conprise a conductive material such
as copper. Other types of netals, alloys or conductive
materials are al so useful. Contacts (not shown)he
provided in the LLD portionconnecting the interconnect
used fbf e SILbcane POACH SoRE QRS, RebteNstoPeRRNEINTE BEhos&Ebdt®En the ILD
level, the contact regions can be other netal |ines or
and N4V ces, such as diffusion or gates of transistors.
e conductive i nes and contacts can conprise t he

|ffe ent materials. The Gon uctlv
(0039%27 5 bt I St ol S PP HEH T A r D pYidgy  GEEr types of
) substantlall¥ vertical sidewal k, Providing conductive
dieleciricriaaterse Asralwome s Soufample, st Eelealiig dawar kan @mrise doped silicon
uselid. [0041] The interconnect |ines can include a
oxide lyaghrdséiS G mbddpediongopedivircdte tlassansudhot (BRSE artidt o fundbeed or doped
harrier prevents the diffusion of the conductive |ine

therm AT @oivalsilidod roxﬁlegun(ﬁﬁbed bhlépetl MECRPosi&T silicherxdy, ihdElow-k or
al so serves as an adhesion | ayer for other conduct i ve

ultra ll)%rkedlgféf;tﬁrc'r%lte s ARhiSoRebs PS?EO phdi&ra b e‘JatngIsf the IMD layer

teria arrier, for xa can OerrI se

t ant T pes of barrier
compi 83 R AP, of Barrler
heni um or .a conbination thereof, are al so useful.

l0040k claquoa%qt lingat30hse Toraneg ip feddil aeawntq?éhe ICD layer. The

i nterconnect lines to passivate the conductive lines.
interconneptelynea cemphies vswuaisveanagdhlesicons tapper. @ider types of metals, alloys

subsequent | ayers formthereon. The cap | ayer may
or condQeprel iBftetald atetaldolngail e Topfaos FhotdRow AN .be Grdreded iyipesILD

of capping materials, for exanple silicon nitride, are

portiofl! @RnH&REYhe intctQQhedd 13 ¢S &frﬁ‘é‘b? 6&i MstbR1N eD%f@ﬂQﬁ‘lg'lﬁﬁﬁe ICD level,
a top surface 432 of the LCD | ayer is disposed bel ow

the coh&@tﬁ%g{ L?Sﬁlsbet %{deléxjt'}ggfaf;%l? g)g ggxg f%s Eﬁéﬂedgsﬁ?‘us?cn &%}e@r&’ fansistors.
th surf ce of the |nterc nnect e increa

The cqPgtits W RS CMESS bt ahT oo NG A rd BT e Aigs ThE Conductive
Thi s has been found to increase the reliability of the

lines agideir sentagte cm'ab@prowierl g Hovartiepl PDBBstaphalbheererh sidevralhy  Providing
His sufficient to inprove TDDB, in one enbodi nent, H

conduictsivea]lixmslan@/ﬁﬂeorxté@d\witmstaated\,saiaMSdn‘alhb aetilal so usef ul .
100431i n one enbodi ment, an etch stop |ayer 470 is

[0041FI S PO&AdtefibBhedt MBeS tHnf 2618405 bhilor Y5y Bhing Eaewel CihdBodBms thereof.
ayer covers the LCD and top of the interconn. cet

The blnjn'ate ev&ﬁ?th%t ffus‘i&? Bf ﬂh@éﬁﬁduch(}? ﬂﬂs UCEEB]Qﬁ 'f&Pen% 'Cu, 1n(§0 the ICD layer.

ses a ectric materia I'con
The bq;ﬁlgre élfé:ﬁ rgqssoa%fapet E?m%ﬁ@gqnf'ggg@g %Oéldgétleveell B 'ili{ 1I{%b(étlt,er adhere to
to protect the interconnect |ines fronoxi dgFrllon

the digloging mefegial-5 I9RoME1% oF ss3vRlecten SARPTIY @agim pigde (TaN). Other

anot her portion of an I C 500. The portion,
types of barrier materials, such as tantalum, titanium nitride, ruthenium or a combination thereof,

are also useful. A cap layer 458 can be provided over the interconnect lines to passivate the
conductive lines. It may also be used as an adhesion layer for subsequent layers form thereon.
The cap layer may comprise cobalt tungsten phosphide (CoWP). Other types of capping

materials, for example silicon nitride, are also useful.
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simlar to the portion of Fig. 4 dudes an LCD | ayer
430 with :interconnects 450 di sposed over a substrate
405, wherein a top surface 432 of the LCD layer is
recessed below a top surface of the interconnect |ines

[00423)’ aricebRARE& With BnLaELRRRA MBRPisur@be £30HF R D h@!ﬁfs d1sposed
70 is di sposed over the surface of the LCD I ayer.

oo LB PR DB LB i on ot

ICD lgile% g ed‘fhg tgéie %tg‘rg eg 57{5 h}éfl-r Pnfg%seqsgggg 49;“{59 Eifs%a?lge between
anot her interconnect | eveI For exanple, the first LCD

the infesgesmed3mes e Fhis Saglbeentfeurid tp dpcrpase shaishnbity ofdhedickaigic layer by
the second LCD | ayer 575 serves as the second

impravidgs T DDBn datonk emébdimdt)iH isenéflcidnCh ingyrevsTDBMB. He one embodiment,
provi ded, corresponding to additional interconnect

H is db8NEd 9. - 45084 6dihbev-3ee e eRsbayenl.575 | i ke the first
La) |ayer 430, includes |ower and upper portl ons

[0043i orr ﬁ?&%%ﬂ&irﬁ%t,%%éﬁg%?#ﬁgeﬁ PRAQ rdﬂ; . Iv@%/ fhe s{ﬁ%pe of ICD layer.

onprise a single ayer or ayere

Conductive | ine are dis th
The RSB e DCdb At B0 F*&‘y&?emc‘}ﬁﬁ‘t‘sti ¢ e laver in one
provided in the | ower portior. for exanple, to couple
embog et siauEses 2 diel s maetalesushay WGC‘R@BUF% dpthertypes of etch stop
conductive |ines or contact regions below To ensure
materidiasre atsoaisefuht dot efclastep layeetactlsd save asonramérdayear dmprotect the
with the conductive |ines below they extend through

intercbh€ecelinds Bémpxantdocap | ayers. The conductive |lines and
contacts preferably conprise the sanme naterial .

[0044'i’r OVl Hgh&RNS %Eé ¥&Ribhdl %?e“a&ﬂye@ Qﬂétﬁ&t SorGOTBS drSIADO0. The portion,

differ ent materials 1s also useful. The conductive

51m11ar g 5 epn é{? %f Igiogr,?li% 12(# gﬁ IF e(%\éBgSvgl%/hW eEc fie r%%?(# dlgéosed over a
Ilnsand/or cont nted si dewa is al so

substipls 43 Whetse OperR Mh 15? Ew&srgﬁ@l&?ﬁ%ﬁéorb%face of the
include a harrier 565 Iini ng sidewal s and bottons

intercphiegc bhesThea diatancel, If ore eediment, saatch stoprpryes ¢ 7q éNdisposed over
O her types of barrier materials, such as tantal um

the surfatant e 16Dt Iay«ate The letchettipuayer&beera tls0l OI3 eiddop oAtlmapterconnect
| ayer can al so be provided over th.c interconnect

lines.| i nes. The cap | ayer, for exanple, conprises CoWp.
O her types of capping materials are aI so usetbl .

[0045|[] gsoﬁﬂ:é\?esélg 9B1a p%t'é??s & séﬁﬁzdﬁe‘f@cn‘?é la 7%9 9H3fe Bodiment, the

I'S COopl anar e top ace o)

. onductive tines 0 epbodi nent, the.t
dlele@eﬁ PaBtsetesendnanedhe bess qq%}@fﬁ%{:%efswstésgeéeﬁgr example,the first
imlar to that of the first LCD | ayer. Addltlonally

ICD layprélt39 lfeyenps the iyt iptgisoneechleyel andthe gespng [eDil ®fsr 575 serves as the
surface of the second LCD | ayer and conductive |ines,

seconfuntetvennaxt &vehdbldditiond [CDOLy dragar s pramidedhe:op]espdndmg,to additional
over the second ICD | ayer corresponding to additional

intercofiic®t tweRECt | evel s.

[0046] The second ICD layer 575, like the first ICD layer 430, includes lower and upper
portions corresponding to ILD and ICD. Second ICD layer may comprise a single dielectric

layer or multi-layered stack. Conductive lines 560 are disposed in the upper portion of the
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10049] Figs. 6a-d show a process for form ng an

enbodi nent of a portion 600 of an IC. Referring to
Fig. a, a substrate 605 is provided. The substrate, in
one enbodi nent, conprises a p-type silicon. substrate.

secon@l@lﬁ_rlaiféfp ednhkisS68 %%'i B BRoviRH R RS0 ReSSIHR] if%x%ﬁgﬁ? goocouple the

gal I i um ar seni de, , or sapphire substrate, are
. e.prepared with circui

cond i Hhos i B SURRLICE By AR PR R P EBREnhbBolak oM below. To ensure
i nclude, for exanple, transistors, capacitors and/or

that theddniapts;ace MgleRae gya@ugicaioy W&F‘tthec‘iﬂﬁ*gléﬂ@ﬁﬁ@e%\?ﬂo‘éﬂ thgy extend
useful. 100501The substrate is further prepared wth

througfythe etshysiapeandaap laypise Thepondycsive lined andeontasts ppgferablyrcomprise the
IMD portion and a |l ower or 1LD portion. The ICD can he

same magiialy| Broviaymey coaductivietline$ aryeeethcsd @ekpris@di Bxaimhaterials is also
single layer can be used to serve as both the LLD and

usefull Mh@Eorgapafeais hay/6F Sondc®s ¢988 grivilled WEh ViAW shidRntially
In sonme cases, an etch stop layer can be di sposed

) t . T rise, .
vertc s PR Bk 1S R B R GRER e i alo
usefulrraterials are al so useful. For exanple, the dielectric
'ayer can conprise doped silicon oxide such as FSG
undoped or doped silicate glasses such as BPSG and
[0047bsG, ﬁwafaﬁ@anféﬁt ligeypal qoRtackedan yngirdsabasiier 568 Aining sdégwalls and
undoped or doped TECS deposited silicon oxide, and
bottonhoivetcobr The barder, fw-ekample] ewt edneprivafleNi dthersyueds dfdafBGmaterials,
and PSG Preferably, at least the IMD | ayer conprises

such a8 tdnoaltuk, taniuit fiidcide) Yatherdingl fetalsoGisoMl. eAicap 1ayB0&hbIRDe provided
[CD | ayer or layers can be deposited using various

over the/RRScHhe4eRRS ThOBptIEEhNI IEC P\
pr oce%seg such as PIEC%}’ ﬁD(%%%n%rE’ %B%gggbaﬁwm us.eerc}.ypesof
. r . hgues.such as spin-on processes are al so
cappm%srg%ﬁ?%lg%%més s‘bsgguﬁ‘fi c process, for exanple, can depend
on the type of material used and_ application. )
[0048} 0055t oA BEIRS Y4B &f B5poend 1eBheseTS > (heaplas wWith the top
are formed in the | MD and ILD portions, respectively,
surface pf thesondiptive Jies 56fhdn con dubpiivent, ithetop andacearttizctesond ICD layer
can be Conned from a conductive material, such as
can beaeqsesd, simllamionhamof thenfyst KID) 1kt ox8ditibeA§04n &th stop layer can be
conbi nation thereof Other types of conductive

provide®boér thé fop suffabdisl 8 séE%h@'I@DQE‘%r ahd S¥Riuc Tr']tlheé@.s Fithermore,

doped Cu or WM doped Cu, are also usefid. _

s ' ' t f or ped usi,n .
addiiGGATRATHVER oh B D QO B ReSROCIT b B TRE AR o adttional
intercot ec%ai ques, such as ME, can al so be useful. The
CBRdGuEt e 1ines and contacts can be formed fromthe
sane_material or fromdifferent materials, The
[0049]c o rigest P3r€ showaPregess B formringen smbadintsat pf apartied 60§ phan IC.
vertical ox substantially vertical sidewal k. Providing
Referripgrid lieg. ibaea $ubstste &0 ioprogetd aths swiistrhatesinamt ethbodiment, comprises a
sidewal s is also useful. [0053]A harrier 655 can be
p-type piliewh deishtiate. |Other tyPes SranBstedidsy Sudhl R @SzeARSHi 96 -Ha08H, 36MiSm arsenide,
The barrier, for exanple, can conprise TaN, O her

SOL of ¥pg8ir@buthahie! £6 aBLREAR Phekibshl Rat'8EPbared With circuit

components (not shown). Circuit components can include, for example, transistors, capacitors

and/or resistors. Other types of circuit components are also useful.
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bat her can he formed by, for exanple, CV I). Oher

types of techniques for fanning the barrier |ayer are
al so useful. To produce a planar top surface between
the I CD and conductive lines, a planeg, process, such

[00508S ChemubatatdRahANGRpaRQl Wﬁlli‘an @ lzﬁ%r 85! 'PlYeeﬁlD gyglelhcludes an

types of planarizing processes can al so he useful

upper Ry ?I?lﬁ ébrﬁ?l? inil] PY e g? L]§ nglmoho Fﬁ% E%ch?nrl %E% S\N:é?é‘ lagr%.eor multi-

e conduc I nes
r exa Ie C ris
layefﬂﬁﬁbﬂ&i 5pr @%&@%ﬁéﬁ%o@.‘/ﬁ? A Dr SaSCOBPUIR o5 PG P APMD or
for exanple, passivates the conductive lines It can

separgi¢ hﬂde@élrwedé“orathe el @ad BYD: dpepme spsesinsgueni lavayeande disposed
formed thereon. in one enbodi nent, the cap l|ayer is

betwet theddl. Coandsdflec The ECR laet cal Gmlsprtsleaﬁo'r expmye, rsélicon oxide. Other
eel -maples fbi formng the cap | ayer are al so useful,

types bOQBRL Rl RdtEdiA1gare @lbi@efub CFort dx@mbRp tHeutidlagAc 6:34r in Johﬁ)rlse
| CD | ayer is recessed by Hto produce a stepped

doped! ARG su ; & F.OB, @&6@@&& d sfh%%%ga ?:%1‘%8&{ TeBPsGlaid PSG,

recessed sufficient O I nmprove nane

unior§8? S b e it e e B e glicon
ox1de,5qngdo Cgbl Slg{ggfpg‘?g?ﬁqu%g ég{egg}%:csgélgg%sgg}ua;}hg%gﬁ Rr@ferably, at least

recess it. Alternatively, a RLE can he performed to
the IMHI2 frypecarheriseCpave ke titvelowek dieectondatetibve | i nes. The
cap | ayer, for exanple, protects the copper from

[0051Hanel}e: [ laner IRl dyerdinpl beydepositea tuking watio@lyp & v Migpesitdon
RILE to formthe recess can al so he useful. O her

technib@&N THod ¥ampI8r C VDI s Ruéh S BREeD, H@WD%P@PWIg can be used.
al so 100561Referring to Fig. 6d, an etch stop | ayer

o R AT S T R e e
sto ris n.nitride. The etch stop
can dgpg pn%nt flera d‘SE i’f&f&ﬂﬂl‘\?%“qnayer for exanple a
net al Iayer such as CoWP or a conposite of dielectric
[0052hnd Gastdaptiveeines PaP andigaiacts (Neesheman ase opmpdinethe I¥Gr and ILD

exanple, is deposited by CVD or el ectrol ess-plating.
portiofi}, hespettachniof thed CDalnyete (ihs icbnduptitva éined arid cohtaptslcay &e forsed from a
al so useful. The thickness of the etch stop layer is

condudi@iiha3Bll, suchSR chpde! alGhBIUAE tid geten MBI Bk e sTWE R Bfbination
silicon nitride or 40 - 60A for netallic material such

thereofS ? 4l
ereof s e onal el ‘f“%li%( PEBERR, AR SR Wﬁré 2! doped Cu
yer 670 corr t.o an ddlt on

or Mn, <f8?§<? B e aB el " FRERRNIR S Be? Buf e OB g
contacts, can be forned in the additional ICD |aye

damasgens or dual damascene processes. Other techniques, such as RIE, can also be useful. The

conductive lines and contacts can be formed from the same material or from different materials.

The conductive lines and/or contacts can be provided with vertical or substantially vertical

sidewalls. Providing conductive lines and/or contacts with slanted sidewalls is also useful.

[0053] A barrier 655 can be provided to line the conductive lines and/or contacts. The

barrier, for example, can comprise TaN. Other types of barrier materials are also useful. The
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[ 0057] The process continues to formthe IC. For
exanpl e, additional processing can include formng
nore /CD | ayers and interconnections final

passi vation, dicing, assenbly and packagi ng. O her

barriePERORSBRAEPE 8l SAnpSeTUD. DARR BIpERBT leBYBA ds 96 fFRYink8he barrier
enbodi ed in other specific forns w thout departing

layer zir& Qﬁ}) tg?%fag Pir“](é fnté) ngée dfﬂéﬁ%}ttbﬁ% ?en:g?)@&;egﬁ kh%tlb?)zargihc%kﬁgéﬁ.ve lines, a

erefore, are
consi dered i

eCS|IIutrat| e
planadf RS el adhont PO ol r Tk BE Fnplss e DB bimes of
invention is thus [ nd| cated by the appended cl ai s,
planayzipgpiocessascapyalyorhe wetbgoi ng description, and al |
changes that cone within the neaning and range of
[0054k quiAv adrelagsr @8 is hptialaly femeade vienthe sutéatetod tHeecoarttetaedihes 650, as
therein, What is clained is: CLAIMS 1. A nethod for

showf iarHig.r6d. aHeeap CQRE Ust &by ic6RpEMIMIVP Nither types of cap materials
providing a substrate prepared with a dielectric |ayer

are aldoQis R T’H@E dert 3¢ e£ihIE C;Larsélgatle @'E:oﬁdﬁ%t%jﬁ?esa it %ﬁ%‘f% serve as

in an. upp portion e d|e ctric Laver wit

o BB *‘Oféﬁgsc?ae%qt&aevef%%"ce ng 15 R R Biner) o cap aver s

V\,hlch on- copl anar V\Athadlelectrlcto
formeé hy F%l&%lV&fel?OFr@{] c§t Blabpg r Pther Hrapiqpes pplommapathe sﬁwyer are also

t opogr aphy; and fanning a conformal dielectric
usefulcap |'ayer over the substrate covering the dielectric
| ayer and directly contacting the conductivie
[0055kc ondReddrtivig td Figeoc, whetopisarface682 dfake ICD layer is recessed by H to produce

a stepped topography. The top surface 632, in one embodiment, is recessed sufficiently to
improve TDDB. In one embodiment, H is about 250 - 450A. Other values of H are also useful.
In one embodiment, the top surface of the ICD is recessed by over polishing during the CMP
step. For example, the top surface is over-buffed to recess it. Alternatively, a RIE can be
performed to remove the ICD selective to the conductive lines. The cap layer, for example,
protects the copper from damage during RIE. Employing both over-polishing and RIE to form
the recess can also be useful. Other techniques for forming the stepped topography are also
useful.

[0056] Referring to Fig. 6d, an etch stop layer 670 is deposited on the substrate, covering
the top of the ICD and conductive lines. In one embodiment, the etch stop layer comprises
silicon nitride. The etch stop layer can comprise a conductive layer, for example a metal layer
such as CoWP or a composite of dielectric and metal material layers. The etch stop layer, for
example, is deposited by CVD or electroless-plating. Other techniques for depositing the etch

stop layer is also useful. The thickness of the etch stop layer is about 350 - 450 A for dielectric
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surface of the conformal dielectric cap |ayer over the
top conductive surface is norecoplanar with the
dielectric top surface of the dielectric |ayer,
wherein form ng the stepped topography increases the
ter®hl 8GH ds\8id3h A it LG | h
mate s\6fi i eP?gxbi i?@? @orgﬁgglﬁgtrﬁrfa\é&hah El'ﬂ:?lsasc glﬂr% pﬂ&?

I nt er connect t hod of

. rei rocessi,n i recessin he conducti v

ik O SRR PRI C T el O el B T e e sop laer
conductive line . to be below the dielectric top surface

670 cqyrespRRding &1 wpdditionphipsrconnget qyed Rkt HEEPYE Cegichy§ lines and
wherein the conductive top surface of the conductive

conta¢th pen bafogingp osibd additional {GP layazl6@6t ri ¢ t op surface of
the dielectric layer by a distant.e Hto inprove tine

[0057¢le peTisepbees ebtiues © fore akalOMF(r[cbB)le, AteonaEpidocksd can include
claim1 conprises ibtining a harriersidewalls and

formiR@koBM@D 1akbrCARFMEIch NS clibAE findl PHREVARMNEL iR aGL@bR dad

conprises providing a second dielectric [ayer on top

packagglé I?ﬁh%jrpgh&%&.lsia?e Algy%g}ly\her ein the second dielectric

er ¢ Fises a con ive line and contact, the
| es the conductive line_of the

ontact. coy .second .
(0058,°C) B inyentiogyey g ceon Al FUREE RIS WEBRBLASPRiSE from the
.. line and contact. )
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.
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7. The method of claim | wherein processing conprises
recessing the dielectric layer to result it: the
conductive top surface of the conductive |ine being
above the dielectric op surface of the dielectric
| ayer. 8. A nmethod for formng a sem conductor device
conpri si ng. providing a substrate prepared with a
Wm%wchg&%rlc | ayer Forned thereon, the dielectric |ayer
a ‘conductive tine dlsposed in an upper portion
of the dielectric |ayer; g Pprocessing the substrate
to produce a conductive ?op surface of the conductive

L. sur ace dd éoﬁxéF% &?JoRAu%@?evWe%&nﬁls@gzel ectric top

ectric layer to torma stepped

to Bﬁ)gfdﬂ%méubsﬁ'&g PreFared \I/lﬁ{mla&nﬁ: lg}iep%oﬁﬁédrth&eoﬁ dRe ({héw&ﬁc layer

over the dielec | ayer, the dielectric cap |ayer

mchﬂ'lbsr £k inGROHREbdRG Jt BR deRBGHY &Lk - Bn ke %ﬁ@
wherei n the stepped topography i nproves TDDB. . The

met,hedsiaf the kdsiiSroWhRE&IaR ok duetiWit§) 8&hdelbEint &ﬁd&lﬁw AfeBvhich
of the dielectric layer is bel ow or above the

is ndnQBIbGE it a tieRciE oD 8GR O thdtielccanduet fo\&mla sRpdaYography;
distance H | 0, The nethod of claim9 wherein the

and di stance i s about 250 .-- 450A The nethod of
claim8 conprises formng a bather |ining sidewalKk,
an torindigta@pnfoimal Hiele@nay Clybrv@ed thex@bstrh2.cdraengmdt Biedcta layer
claim8 conprises providing a second dielectric |ayer

and directyo@naétirghie dhekeectisd sorfh@péthe coddenti@t hnd hieerde e capdop
dielectric |layer conprises a conductive |ine and

surfgepff thctonfaring debmtiacip leupiee e tdpeontmmitig ctrfageis Inpmeopbinar with
the second dielectric layer to the conductive line

the diddctig,top surface T the distehiod lagdr, eheadimfotRing Gwpieprse Hpppphyng a
barrier lining sidewalls and bottom of the conductive

incrqapeg ghe gfective giptarce between conductive lines to enhance interconnect reliability.

s The method of claim 1 wherein processing comprises recessing the conductive line

causing the conductive top surface of the conductive line to be below the dielectric top surface of

the dielectric layer.

3. The method of claim 1 wherein the conductive top surface of the conductive line is

disposed below the dielectric top surface of the dielectric layer by a distance H to improve time

dependent dielectric breakdown (TDDB).

4. The method of claim 1 comprises forming a barrier lining sidewalls and bottom of the

conductive line.
5. The method of claim 1 comprises providing a second dielectric layer on top of the

dielectric layer, wherein the second dielectric layer comprises a conductive line and contact, the

contact couples the conductive line of the second dielectric layer to the conductive line below.
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14. The nethod or claim8 wherein processing conprises
recessing the conductive line causiti the conductive
top surface to be sufficiently below the dielectric
top surface so that the cap top surface is belowthe
dielectric top surface. 15. The nethod of claim8
wherei n processi ng conpri ses recessing the dielectric

| ayer erei n.the condycti.ve to urface of the
6. ol BErILo e FeRHE N targy Bibs RSt Riromay v
condifiSFhElaeAg thyer, 16, A method for forming a
Jevicceé conprising: provi di ng a substrate prepared

w4 Bl OS8R el

resug : thé &gd&tivé tlaggsr gc,eé o?%grcblgﬁugf% Gihe being abox%rtﬁ’eccﬁéé:'tr%?o;{ %gace of

strate to oduce conductive top surface

meﬁgQQQQ&kye line which i.s non-coplanar with a
Ielectric top surface of the dielectric layer to term

g. a St ﬁaﬁ)&ﬂ‘mt @Hﬁ]g%’ @&H}ydond%'agr device c&ﬁﬁrmngg a conf or mal
dielectric cap 1Tayer over the substrate covering the

di el Rehdg aGubsaNe prepddch Wit £E41NiCRRE BBhédtBerddAlthe dielectric layer
conductive top surface of the conductive line, wherein

havih8cdhti@ki@Ehiel despbs@PinSH ipRE for@dn dfft@ dlil@lRedyed, c | ayer is
non-cool anar wth a cap top surface over the

COonelideskiny thelsibagatd © prdlipFe@MBndlkcy @I tbp surfick.of th ondedtive inddfhich
claim 16 wherein the conductive top surthee ol die
is nohaiopleheit Witk a liele@rit ®p surface of the dielectric layer to form a stepped topography;
and
forming a dielectric cap layer over the dielectric layer, the dielectric cap layer directly
contacting the conductive top surface, wherein the stepped topography improves TDDB.
9. The method of claim 8 wherein the dielectric top surface of the dielectric layer is below

or above the conductive top surface of the conductive line by a distance H.

10. The method of claim 9 wherein the distance H is about 250 — 450A.

11. The method of claim 8 comprises forming a barrier lining sidewalls and bottom of the
conductive line.

12. The method of claim 8 comprises providing a second dielectric layer on top of the
dielectric layer, wherein the second dielectric layer comprises a conductive line and contact, the
contact couples the conductive line of the second dielectric layer to the conductive line below.
13. The method of claim 12 comprises forming a barrier lining sidewalls and bottom of the
conductive line and contact.

14. The method of claim 8 wherein processing comprises recessing the conductive line

causing the conductive top surface to be sufficiently below the dielectric top surface so that the
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di sposed below the dielectric top surface of die
dielectric layer by a distance Hto inprove | DDB
18, The net hod of claim 17 conprises formng a barrier
lining sidewalls and bottom of the conductive |ine and
contact 19. The nethod of claim 16 wherein the
conductive top surface of the conductive line is

bove 1 he dlele§1r|c top surface of the

‘mpﬁpé$g%??l@°V§V%¥d%VWéQHm t%nce H to inprove 110DB
20,
T-{:le me‘g?%(bf%?ﬁlrpé W%Crglng)o({(:?ssln% 8?1‘1’1}}1‘1%35 r%cgls]Sdl&gl}e dl ECCFH an d

whelceg)nqheago%ductlve top surface of the conductive line is above the dielectric top surface of the
dielectric layer.
16. A method for forming a device comprising:

providing a substrate prepared with a dielectric layer formed thereon, the dielectric layer
having a conductive line disposed in an upper portion of the dielectric layer;

processing the substrate to produce a conductive top surface of the conductive line which
is non-coplanar with a dielectric top surface of the dielectric layer to form a stepped topography;
and

forming a conformal dielectric cap layer over the substrate covering the dielectric layer
and directly contacting the conductive top surface of the conductive line, wherein the dielectric
top surface of the dielectric layer is non-coplanar with a cap top surface over the conductive line
to improve TDDB.
17. The method of claim 16 wherein the conductive top surface of the conductive line is
disposed below the dielectric top surface of the dielectric layer by a distance H to improve
TDDB.
18. The method of claim 17 comprises forming a barrier lining sidewalls and bottom of the
conductive line and contact.
19. The method of claim 16 wherein the conductive top surface of the conductive line is
disposed above the dielectric top surface of the dielectric layer by a distance H to improve TDDB.
20. The method of claim 19 comprises forming a barrier lining sidewalls and bottom of the

conductive line and contact.
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