RELI ABLE | NTERCONNECTS CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s
application is a divisional application which clains benefit of copending
U. S. patent application Ser. No. 12/196,291, filed on August 22, 2008. Al

di scl osures are incorporated herewith by reference. BACKGROUND [ 0002] The
fabrication of intewated circuits (1Cs) involves the formation of features
on a substrate that nmake upRELJAABLE EVRBBSEMNWREGEEh as transistors,
resistors and capacitors. The devices are interconnected, enabling the IC
to performthe desi r€BOSSAREFBRENCENT®@ RITNEEDI ARRLIEALION ned by form ng
contacts and conductive lines in a dielectric |ayer using, for exanple,
damasc@e01] ec ligagdicatiorria maib@siogal spplicdtioh vhilotlagxctignk it ofl dBEAMIOSUS. Vi a or
contact hole in a lower portion and a trench, which is generally w der than

t he copitatapPRtiohReANIRPADGPIN L filed on YD 8603 931 &scldsuit@Mact to a
device while the trench contains the conductive line for connecting the

devipeh&ggghgﬁ%ﬁﬁgwp$ﬁxggggg&ldevices, [ 0003] As critical dinensions (CD

conti nue pernident diel ectric breakdown (TDDB) has becone

an inportant reliability issue. E | e, the destruction of the
dielectric |ayer can cause interé@%ﬁgéﬁggp hort, rendering the IC

defective. 100041From the foregoing discussion, it is desirable to inprove
TDDB t WOPAkr edlds fplricatimypfintegrated circuits (ICs) involves the formation of features on a

substrate that make up circuit components, such as transistors, resistors and capacitors. The
devices are interconnected, enabling the IC to perform the desired functions. Interconnections
are formed by forming contacts and conductive lines in a dielectric layer using, for example,
damascene techniques. A damascene structure, for example, includes a via or contact hole in a
lower portion and a trench which is generally wider than the contact hole in an upper portion.
The via serves as a contact to a device while the trench contains the conductive line for
connecting the device to, for example, other devices.
[0003] 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.
[0004] From the foregoing discussion, it is desirable to improve TDDB to increase IC
reliability.

SUMMARY
[0005] 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



[ 0005] Enbodi ments generally relate to a sem conductor devices and methods
of formng a sem conductor device. In one enbodiment, a method. for formng
a sem conductor device is presented. The nethod includes providing a
substrate prepared with a dielectric layer formed thereon. The dielectric

| ayer has a conductive line disposed in an upper portion of the dielectric
| ayer .laJiédrehares hatdtoplanhudidls a prpome@se offthe hendsighise g te foon psisnede a t op
surface of the dielectric layer that is not coplanar with a top surface of
t he coggeisdripis. I1h Bothér dniiodiders] 1p patsurapopitha divjectriclagerds bedowanhbdvarent
the top surface of the dielectric layer is below or above the top surface
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sen con evice I's disclosed in one enbodi nent. The sem conduct or
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advant ages and features of the present inventiagn herein disclosed wll
beconelizpipanampertordenytercef.epdor eirfase pherdaledur HyetrEd 1op tSP’é%Feé% &4 he
acconpanyi ng drawi ngs. Furthernore, it is to be understood that the

f eat ur @mdoétivielime\fami aysppadbiogdogrepitys described herein are not mutually
exclusive d can exist in various conbinations and pernutations. BRIEF

DESCRI fgpbsN OThEsdEandRAW NERcls00108d Ivith tab earfli@@éiand Seaturekef thepesen devention
characters generally refer to the sane parts throughout
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0009] Fig. 1 shows a cross-sectional view of a portion of an embodiment of an IC;
[0010] Fig. 2 shows a cross-sectional view of a portion of another embodiment of an IC;
[0011] Figs. 3a-d show a process for forming an embodiment of an IC in accordance with
one embodiment of the invention;

[0012] Fig. 4 shows a cross-sectional view of a portion of yet another embodiment of an IC;

[0013] Fig. 5 shows a cross-sectional view of a portion of another embodiment of an IC; and



the different views. Also, the drawings are not necessarily to scale,
enphasi s instead generally being placed upon illustrating he principles of
the invention. In the foll ow ng description, various enbodi nents of the
present invention are described with reference to the tbllow ng draw ngs in
whi ch: [0009] Fig. 1 shows a cross-sectional view of a portion of an

embodi 8A#l of Figs. ped shou e ropeess for fermping anothergasbadamentoian [Giivpecerdaaceor t i on
of anot her enbodi mrent of an IC [0011] Figs. 3a-d show a process for form ng
an enbetdheaembddiarnt  theiraesedance with one enbodi ment of the invention;
[0012] Fig. 4 shows a cross-sectional view of a portion of yet another

enbodi nent of an IC, [KB]Fig. 5 shows a cross-sectional view of a portion
of another enbodiment of an IC, and wth one enbodi ment of the invention.
DETAI LED DESCRI PTI ON [ 0015] Enbodi nents generally relates to 1Cs. Mire
particularly, the present invention

DETAILED DESCRIPTION
[0015] Embodiments generally relates to ICs. More particularly, the present invention
relates to interconnections and processes for forming such ICs. The ICs can be any type of IC,
for example dynamic or static random access memories, signal processors, or system-on-chip
devices. The ICs can be incorporated into, for example, consumer electronic products, such as
computers, cell phones, and personal digital assistants (PDAs).
[0016] 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.
[0017] 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.
[0018] 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



relates to interconnections and processes for form ng such 1Cs. The ICs can
be any type of IC, for exanple dynam c or static random access nenori es,
signal processors systemon-chip devices. The 1Cs can be incorporated into,
for exanple, consuner electronic products, such as conputers, cell phones,
and personal digital assistants (PDAs). 100161Fi g. shows cross-secti onal
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level dielectric (ILD) layer while the upper portion serves as an
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| ayer or multi-layered stack. For exanple, a single |ayer can be used to
serve @adh@ive linke cdhprignteditiftofe naerddl suttagsaroppar éthemyipésart metds, Bllbysed
IMD. In some cases, an etch stop | ayer can be di sposed between the ILD and
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QG her types of dielectric materials are also useful. For exanple, the
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di el ecindiar coataetsicah be padidi@dtiusiatted sidewallss Thoslanted sidewallipiofile IproYad
portion of the 1CD |ayer. The

sidewall barrier and seed coverage during processing. The slanted sidewalls, for example,
comprise an angle of about 85 - 90°. Other sidewall angles, including non-slanted sidewalls, are
also useful.

[0020] The conductive lines can include a barrier 155 lining sidewalls and bottoms thereof.
The barrier prevents the diffusion of the conductive line material, for e.g. Cu, into the ICD layer.
The barrier also serves as an adhesion layer for other conductive line material to better adhere to
the dielectric material. The barrier, for example, can comprise tantalum nitride (TaN). Other
types of barrier materials, such as tantalum, titanium nitride, ruthenium or a combination thereof,
are also useful.

[0021] In accordance with one embodiment, a top surface 158 of the conductive lines is
disposed below a top surface 132 of the ICD layer by a distance H. Recessing the top surface of

the conductive lines below the top surface of the ICD layer increases the effective distance

between the conductive lines. This has been found to increase the reliability of the dielectric



conductive lines conprise a conductive material such as copper. O her types
of nmetals, alloys or conductive materials are al so useful. Contacts (not
shown) can be provided in the ILD portion, connecting the conductive |ines
to contact regions bel ow. Depending on the 1CD |l evel, the contact re{.Oons
can be other netal lines or devices, such as di ffusion or gates of
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materials. The conductive lines and/or contacts can be provided with
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and seed coverage during processing. The slanted sidewalls, for exanple,
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i ncl udi ngnon-sl anted sidewal | s are al so useful. 100201The conductive |ines
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the effective di stance between the conductive lines. This has been found to
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subsequent layers deposited thereon.

[0023] Fig. 2 shows a cross-sectional view of a portion of an integrated circuit (IC) 200 in
accordance with one embodiment. The portion, similar to the portion of Fig. 1, includes an ICD
layer 130 with interconnects 150 disposed over a substrate 105, wherein a top surface 158 of the
conductive lines is recessed below the top surface of the ICD layer 132 by a distance H. In one
embodiment, an etch stop layer 170 is disposed over the surface of the ICD layer. The etch stop
layer covers the ICD and top of the conductive lines.

[0024] Above the ICD layer is disposed a dielectric layer 275. In one embodiment, the
dielectric layer serves as another ICD layer of another interconnect level. For example, the first
ICD layer 130 serves as the first interconnect level and the second ICD layer 275 serves as the
second interconnect level. Additional ICD layers can be provided, corresponding to additional
interconnect levels.

[0025] The second ICD layer 275, like the first [CD 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



[0022] I n one enbodi nent, an. etch stop layer 170 is di sposed over the
surface of the [CD |ayer. The etch stop |ayer covers the I1CD and top of the
conductive lines. The etch stop |ayer, in one enbodi nent, conprises a
dielectric material, such as silicon nitride. The etch stop |ayer can al so
be a conductive |ayer, for exanple a netal |ayer such as CoWP, or CVD Pm
or comeosidt € Dofayeh. eC@ttaats 263acml beqmavided inghedlilerfonbxamplerts cotlethsonduct i ve

| ayer can be deposited by electroless plating or CVD. O her types of etch
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useful. The etch stop layer can also serve as a baitier |ayer to protect
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an adhesion layer subsequent | ayers deposited thereon. [0023]Fig. 2
shows a. craosssectiponal view of a portion of an integrated circuit (1C 200
in acctlf}‘ﬂ’&ﬁﬁ%y%%?'ﬁﬁgﬁ%lgéﬁﬁeoﬁ&ﬁ%ﬂp The portion sinilar to the portion of
Fig. 1, includes an LCD |.ayer (130 with |ntercqnnec 50 di.sposed over a
SUbst rlPEI105 T hARGAMIERVaibhnd SPRUES casoRle aBHT S ARa SR MBS DS 2Pg
recessed below the top surface of the LCD |ayer 132 by a distance H _1In one
enbodi brgtoms thereef CFhedtaoper) foy exammle, dag camppies BalN.o(iler tines of prEisemateriglie | CD
| ayer. The etch stop | ayer covers the I1CD and top of the conductive |ines.

[ 0024] Aok vetahbtun GRahiayetitride, titlsposedr a coinbinetidrr thereb§yaer aldydsefuln Asne
enbodi nent, the dielectric |ayer serves as another |1CD | ayer of another
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of t heoves ghedan sydve|of e secahiCR layenam! condudiive S%ilffég‘erlﬁmieh@i ‘E‘%‘a Fg‘S
exanpl e, to couple the conductive lines in the [MD of the second |CD | ayer
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are in electrical communication with the conductive |ines bel ow, they

ext endetgs.ough the etch stop.

[0027] Figs. 3a-d show a process for forming a portion 300 of an IC in accordance with one
embodiment. Referring to Fig. 3a, a substrate 305 is provided. The substrate, in one
embodiment, comprises a p-type silicon substrate. Other types of substrates, such as a
germanium-based, gallium arsenide, silicon-on-insulator (SOI), or sapphire substrate, are also
useful. The substrate can be prepared with circuit components (not shown). Circuit components
can include, for example, transistors, capacitors and/or resistors. Other types of circuit
components are also useful.

[0028] The substrate is further prepared with an ICD layer 330. The ICD layer includes an
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



[ 00261The conductive |ines and contacts can include a barrier 265 Iining
sidewal | s and bottons thereof. The barrier, for exanple, can conprise TaN
O her types of barrier materials, such as tantalum titaniumnitride,

rut heniumor a conbination thereof, are also useful. As shown, the top
surface of the second er 275 is copl anar with the top surface of the
conductPeecf| diglggny G@teqql»ﬁ WA éYse eS| isrtexarmple, thedlidesiria yepsan 0@ ise ond LCD
| ayer can be recessed simlar to that of the first 1Cl) |ayer.
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| ayer ssueBns beroprphusslact diere §168 (BPSA) dnd Ghbdphyte silivatergdss PSIG) gintleped or

addi tional interLonnect |levels. 100271Figs. 3a-d show a process for form ng
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capacitors and/or resistors Qther types of circuit conponents are al so
usef ul dielpgipzgnatpdalsubst rate is further prepared with an I CD | ayer 330. The
| CD | ayer includes an upper or INMD portion and a | owerLD portion. The ICD
can be[0828] nglhell@Pelayarorhailetd canlbayiepedted tuaink .vaftous tgpesngl depasisomgl e | ayer
can be used to serve as both the ILI) and I MD or separate |ayers are used
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[0030] Conductive lines 350 and contacts (not shown) are formed in the IMD and ILD

portions, respectively, of the ICD layer. Various techniques such as damascene or dual

damascene techniques can be used. Other techniques, such as reactive ion etching (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 slanted sidewalls.

The slanted sidewalls, for example, comprise an angle of about 85 - 90°. Providing conductive

lines and/or contacts with non-slanted sidewalls is also useful.

[0031] For example, in a dual damascene process, via openings and trenches are formed in

the ICD layer to produce dual damascene structures. A barrier 355 can be deposited on the

substrate, lining the surface of the ICD and dual damascene structures. The barrier, for example,

can comprise TaN. Other types of barrier materials, such as tantalum, titanium nitride,

ruthenium or a combination thereof, are also useful. The barrier can be formed by, for example,



100291The 'CD |l ayer or layers can be deposited using various types of
deposi tion techniques. For exanple, chem cal vapor deposition (CVD)
processes such as plasnma enhanced (PECVD), high density (HOCVD),
at nospheri c pressure (APCVD) can be used. O her techni ques such as spin-on
processes are al so useful. The specific process, for exanple, can depend on
t he t ypeDof Vibadrertéomic lage depositi@ap(@ LiRatOther tedimequeCibl fayemgtigg/bdrsepdranksoi zed
to i nprove subsequent processing, such as pattern transfer processes.
100304 enmucti ve Iines 350 and contacts (not shown) are fornmed in the MD
anddHD portions, respectively, of the ICID |ayer. Various techni ques such
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damascene structures. A barrier 355 can be deposited an the substrate,
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deposi ti (Al i rnm .
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Mh doped Cu, or a conbinationof. O her types of L

barrier materials on the surface of the ICD layer are removed by a polishing process, such as

chemical mechanical polishing. Other types of planarizing or polishing processes are also
useful. The polishing process may include multiple polishing steps to remove the different
materials, such as conductive and barrier materials. Similar to dual damascene process, a
planarizing process can be used to form a planar surface between the vias and ILD and a planar
surface between the conductive lines and IMD.

[0034] Referring to Fig. 3b, the conductive lines are recessed, wherein a top surface 358 of
the conductive lines are recessed below the top surface 332 of the ICD layer by a distance H,
creating a stepped topography. In one embodiment, H is about 250-450A. Other values of H are
also useful. By creating a stepped topography, the effective distance between metal lines can be
increased. This improves the TDDB of the ICD, thereby enhancing reliability.

[0035] In one embodiment, a reverse electrochemical plating is performed to recess the
conductive lines below the surface of the ICD layer. For example, e-CMP can be used to recess

the conductive lines. Other techniques can also be used to recess the conductive lines. The



conductive materials, including netals and alloys, are also useful. In one
enbodi nent, the conductive material conprises copper. The conductive

mat erial can be deposited by electro- plating. Qher techniques, such as

el ectrr ss plating. PVD or sputtering, are also useful, [0033] Excess
material on the surfacel” the ICD |ayer is renoved by a planarizing process
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conductive and barrier nmaterials on the surface of the ICD | ayer are
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Q her types of planarizing or polishing processes are also useful. The

pol i shjopgepr oxag&TiNBYo FIRCBelGe JfaH dibPla§erd0iis BeMGited &P hels@bdtRIRD ¢Bvdritg the
different materials, such as conductlve and barrler materials. Simlar to

dual dagng mwa@i@@@gg@?ﬁ d{i‘e?aBl egéin @gﬁxgtsth%%& éHggeq cbfh rﬂn@%@xﬁc&ﬁ' anar

surface between t sur
Ref e he corﬁuctl ve |ines

duct. IMD. 10 t
R ol TRE R 3R 00 sl %ago%ﬁl@gm Bytre s shinplerionSR] S St ad

recessed below the top surface 332 of the ICD | ayer by a distancell,

creati RgVE> 8F eﬁﬁ@aowrﬂfgfeéw andymgigblagemodi hﬁﬁml stop laxeraﬁ% Gramge, 50

O her values of H are also useful. By creating a stepped topography, the
ef f ect dapesitidshyai¥® detlewtmiessrptating] Otles bechninoeefis ddposithigshe aighstopdaydnes TDDB
of the 1CD, thereby enhancing reliability. [0035]1n one enbodi nent, a

rever sglsehagill atkenickedlss pf ikietd st IpfiontRe 350 - 18T & didlectEo Adikatal vechl | nes
bel ow the surface of the ICD |ayer. For exanple, e-CWVMP can be used to

r ecess,d HemARHIEr 46 - Iabm%r céaéiueﬁvélﬁ%ﬂm%eﬁ F&eaw# S@théﬁmaaésskﬁ ‘ﬁ%ggssévp

t he conductive |ines. ctive material can be over polishe

2: tsgr E@ telflﬁel&ﬁ acﬁ tlonap i€ ectrlc Q}Q:Irglﬁ as sho%n %’%ag%e cand %Ifgr%tlédvo%ele hCehetctfl k are

layer 370. The dielectric layer, for example, serves as an additional ICD layer corresponding to
an additional interconnect level. For example, conductive lines and contacts can be formed in
the additional ICD layer.

[0037] The process continues to form the IC. For example, additional processing can include
forming more ICD layers and interconnections, final passivation, dicing, assembly and
packaging. Other processes are also useful.

[0038] Fig. 4 shows a cross-sectional view of 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.

[0039] 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.



| 00361Referring to Fig. 3c, an etch stop layer 370 is deposited on the
substrate, covering the top of the ICD and conductive lines. In one
enbodi ment, the etch stop |layer conprises silicon nitride. The etch stop
| ayer can al so be a conductive layer, for exanple a netal |ayer such as
CoWP, or a conposite of dielectric and netal |ayers. The etch stop |ayer,
for exgikemplesa dinprihjedabye G342 tokerwt asbothltsH-Iphat IMD .or ¢faeate tayetsrmirgues
for depositing the etch stop layer is also useful. The thickness of the

etch siQp (a%eILD Sn@PA. 330me AR A QEh dbplHet EdndbormipRkidberstathasLbi | i con
nitride or 40 60A for conductive naterial such as Co-WP. O her thicknesses

are alas ful. Alt additional dielectric |ayer 375 as shown in Fig. 3d
can be Torned over the etch stop |layer 370. The dielectric layer, thr

exanpl e erv s an.additional 1CDJayer correspondin 0 .an i tional

i nt er ORIt Ier%\? eleqiric laygr ) cé’}npélﬁ?ﬁjﬁlé%/’?ag’@? 1R %@e'c g%til rctt"gesg)gﬂ be
formed in the additional 1CD |ayer. [00371The process continues to.formthe
| C. Foticlemepnaserialgiaictalsorriupr Bereaamply, sherlislaetia fyer eAROMPTNG ﬁ%quéﬁlqOé?yer S
and. interconnections, final pa.ssivation, dieing, assenbly and packagi ng.
Ct her @uide ashes FaGe uadaedws dbpdd sili@e3gassegsuch as BEKS anddt$s sinderad aslapedsi ew
of anot her enbodi nent of a portion of an IC 400, As shown, the portion

i ncl udﬁ&rﬁal%s%@n@oﬂ@ﬁidejmogwsﬁ dale@ THOS deposingdl siliconaixitel seklosv-kbt i con
substrate. er types of substrates, such as silicon germaniumor SO, are

al so ugeh Wy -k TN8leSHR M il fs Nch-a¥ ORFAHOESGT Prefirhbly OAMQREINE IMDIREes hown. )

such as transistors, capacitors, or resistors forined thereon. O her types
of circuit.conponents,ar ai? 0, 1KiCitill, 100391A dielectric layer 430 is
di sposEURIHE HEO%%bO&u}tﬁ 12>_w- aleele |ré(iq3%{elr1|l“ﬂé | ayer, fur exanple, serves as an
LCD layer in which interconnections are t d..in_.an odi ment, the 1CD
i ncl ud 4Fbmr1nt8mnﬁﬁgfleﬁa‘bﬂ EHY) ﬁ%‘fme‘il‘ﬁ%ﬁ’(ec}w%%ﬁof‘iocgﬂ"e? s Mn LLD | ayer
whi | e the upper portion serves as an I MD |ayer, The dielectric |ayer can be
a si nginterbenpeet lives gothptisd mganduetivematrrial spelt assepnp Other ypeigfanstalyealloyan pe
used to serve as both the ILD and I MD or separate |layers are used for the
| LD aner dMBuctive rgiekals agedso wafubt Chntatte pndt a@rn)oan bberaiidgplos dlte B ween t he
I'11) and I MD. [00401The dielectric |ayer can conprise, for exanple, silicon
oxi de. pQﬁBﬁ,rc&M&ﬁﬁgQﬁe interconnect lines to contact regions below. Depending on the ICD level,

the contact regions can be other metal lines or devices, such as diffusion or gates of transistors.

The conductive lines and contacts can comprise the same or 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.

[0042] The interconnect lines can include a barrier 455 lining sidewalls and bottoms thereof.

The barrier prevents the diffusion of the conductive line material, for e.g. Cu, into the ICD layer.

The barrier also serves as an adhesion layer for other conductive line material to better adhere to

the dielectric material. The barrier, for example, can comprise tantalum nitride (TaN). Other

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.
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dielectric materials are | so useful. For exanple, the dielectric |ayer can
conpri se doped silicon oxide such as FSG undoped or doped silicate gl asses
such as BPS() and PSG undoped or doped thermally grown silicon oxide,
undoped or doped TF. OS deposited silicon oxide, and lowk or ultra | owk
dielectric materials such as OSG and FSG. Preferably, at |east the | MD

| ayer Espilawss mpy comneise colalt agstephespiids €ea Wi %%FM$ of capping

[ 0041]i nterconnect lines 450 are fornmed in the I MD portion of the [CD

| ayer . mFtggalsnioe exanple stlichn nédde enpaliseseéillconduct i ve material such as
copper. Other types of netals, alloys or conductive materials are al so

usef ul [0042Int adi sScdohdincs hotpne @atbobizndait,aMibfleakfade 4Bh & kHdI(IDTal/e0l disposudect i ng
the interconnect lines to contact regions bel ow. Depending on the |ICD

| evel , ,dhi@ tGPRl-ACts dfaBé ﬁﬂ&c&ﬁ{écﬁ%e@tbg%rdiif%&m.! PRERIIRY thdQYp GBBace DURR aS
di ffusion or gates of transistors. The conductive |lines and contacts can

conpri i e rials..T ti 1 d/or
cont ack S B0 ool TR o b P ik P Mo it I Bt 1
Provi ding .conductj.ve |ines and/ qor contacts w th.slant sj.dewal | s is al so
ser ul e SSRORGL 3R IR Qee? Hand g rardsag e BE Y oF ﬁwgdléiﬁﬁgaéﬂxeg Béind
bottons thereof The bather prevents the diffusion of the conductive |ine

mat er i gproviag TORP. muond embediment| dis peffieient WHapkeeldPDB| dvoseembedigenian
adhesion | ayer for other conductive line material to better adhere to the

di el echlris sbomn280 i 450A. . THehebanlueeof Hfare alexasgfhle, can conprise tantal um
nitride (TaN). Ot her types of barrier materials, such as tantalum titanium

ni tri d@o44ut henbade@bodneTRh BRhisRp h814901s didhRedbs& thS&irfce oAICBRayerY el
458 can be provi ded over the interconnect lines to passivate the conductive

l'ines.\d e@ﬁ%“’@gﬁ@f B5elshd 18D A t?}ggfatﬁ% gﬂlf:xlcgl)ﬁ?erct s, Sﬂ%%ﬁﬂ%ﬁg; la}n%gﬁa(?n.ef orm

t her eon. ayer mmay conprise cobalt tungsten phosphide

O her t of, cappin eri.als, for exanple si.licon nitride, are al so
iset ul GRS ERREY AT RSB SHE b TSR M dEo DR HRE ST 450 6P ¢ ne
LCD | ayer .is disposed below top surfaces of the interconnect lines by a

di st andaterals prealsqmsséils Hoeelh ssuy lpxereap plspsarve epa basyisr 1ayer wwrokset thep
surface of the interconnect line increases the effective distance between
t he i nneroonegdines fmesoxiddtios. has been found to increase the reliability of
the dielectric layer by inproving TDDB. In one enbodinent. His sufficient

to i mpoo¥s TDDBE:. 5lBdweaeresBesiomntiew!df yeSarditdpor@ of ad30A00OThe hoMdhues
of H are also useful. [0044]1n one enbodi nent, an etch stop layer 470 is

di s pOSs?ﬁﬂfQM%rthé PSrisHOE REE 4§Ifnciu§95 A@bT(ﬁﬁe 1aybPE3 LR iR ERLBnd RUA50GRYRES bk oL CD

and top of the Intereonnce I tch stop layer, 1 n one enbodi nent,

I'i nes
conpri ses helectric material ,,such ili.con nitride, Oher.t of
cron SUBp et aRbnASErEE Gaar BT D Bl N e Bs P8 CRiSiinedBEs Ve s
a barrier layer to protect the interconnect Lines from oxidation.

interconnect lines by a distance H. In one embodiment, an etch stop layer 470 is disposed over

the surface of the ICD layer. The etch stop layer covers the ICD and top of the interconnect

lines.

[0046] Above the ICD layer is disposed a dielectric layer 575. In one embodiment, the

dielectric layer serves as another ICD layer of another interconnect level. For example, the first

ICD layer 430 serves as the first interconnect level and the second ICD layer 575 serves as the

second interconnect level. Additional ICD layers can be provided, corresponding to additional

interconnect levels.
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[ 0045] Fig. 5 shows a cross-sectional view of yet another portion of an IC
500. The portion, simlar to the portion of Fig. 4, includes an ICD | ayer
430 with interconnects 450 di sposed over a substrate 405, wherein a top
surface 432 of the ICD | ayer recessed below a -top surface of the

i nterconnect lines by a distance EL. In one enbodi nent, an etch stop | ayer
470 i g004gPosaHe eaRhd IOP 1aytr 536 dilefthé Fest ICD lhyy 630, iftiedstloherstndpipbery er
covers the TCD and top of the interconnect [0461Above the LCD | ayer is

di sposgghichsd e thaYBand@ 16D. IS cOREICEMRYEE B tothpesed Sh@e tideirdayer
serveﬂé&gﬁgﬁﬁiﬁhﬁgtkayer of anot her int ercoﬁﬁ%ct evel . g’I‘;or exanpl e, the
-first, Ten | ayen Y - 11 1. : e second
Lcp 1l e RNl A S8 RRnBledRines 80 ol M RANRB uorREROnPRACIHEE

| ayers can b rovi ded, corresponding {o additional ipterconnect | S,

[ On a7 erRansloay Rt Tty so h5pe ba et iF st Bedond P PG00 leoh B ahe

| ower and upper portions corresponding to 1I.D and 1CD. Second | | ayer may
conpr i adectyiedigeeindhe second ileD) layesto eendyglivs Linespe Feyad reggns @g‘ﬁ’ﬂu PEURE i nes
560 are disposed in the upper portion of the second ICD | ayer. Contacts 563
can behprrthy ceteacts aretih elecwivelr coponenicationfwith theanpdustive bnesdwhive théeexiaiduct i ve
lines in the second 1CD | ayer to conductive |lines or contact regions bel ow
To ensgfdughfigd etti§iop aRd agy Byés e Tho c@ldeetive kdds aad ovatiite piefeubl yicdinptiteethe
conductive lines below, they extend through the etch stop and cap | ayers.

The Cg&q{‘é%éltg all iﬁ&ﬁdiﬁg@oﬁ&féﬁggIiﬁesoinﬁfc‘%h?awskoﬁ@ﬁﬁh-g AT B8 S ARl I REE0I al -

Provi ding conductive nes and contacts conprising different materials is

I . Th duct i l i / s : ' ith
Ver 11 cueny TERePaREN ATy G el al b PREA AR A SPRLARAN e

and/or contacts with s|lanted sidewalls |s al so usefyl. [0Q48].,The
i nt er cRe SIdeVAlS Rraudmsrogdpctivedines Qfo‘é’né?cﬁa‘?"ﬁ? é?ntg‘%gl FY Sy 25P dewal | s

and bottoms thereof The barrier, for exanple, can conprise TaN. O her types
of barwsedd. materials, such as tantalum titaniumnitride, ruthenium are
al so useful. A cap layer can al so be provided over the interconnect es. The
cap | apeas] f orThexmefebenect ingsrand esni@otéan Gichele atbapies 565 liomgsideyattaed i al s
are al so useful. 100491As shown, the top surface of the second ICD | ayer

575 i sp&RtsARoM THE Bab€ert P eRtthplaC&NQoniphite TANA WRhdr\tgpdsiofiesriobhatekialspne
enbodi nent, the top surface of the second [CD | ayer can be recessed simlar

pr ovi asisgy EPRRh! FhnbEhiChn A, LR e B R e e
e Sk ks R LG BRSO LY. Reighant L0
capping materials are also useful.
[0049] As shown, the top surface of the second ICD layer 575 is coplanar with the top
surface of the conductive lines 560. In one embodiment, the top surface of the second ICD layer
can be recessed similar to that of the first ICD layer. Additionally, an etch stop layer can be
provided over the top surface of the second ICD layer and conductive lines. Furthermore,
additional ICD layers can be provided over the second ICD layer corresponding to additional
interconnect levels.
[0050] Figs. 6a-d show a process for forming an embodiment of a portion 600 of an IC.

Referring to Fig. 6a, a substrate 605 is provided. The substrate, in one embodiment, comprises a

p-type silicon substrate. Other types of substrates, such as a germanium-based, gallium arsenide,
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100501Fi gs. 6a-d show a process for fanning an enbodi nent of a portion 600
of an IC. Referring to Fie. 6a, a substrate 605 is provided. The substrate,
in one enbodi ment, conprises a p--type silicon substrate. Qther types of
substrates, such as a germani um based, gallium arsenide, 501, or sapphire
substrate, are also useful. The substrate can be prepared with circuit
conpon@fl.or sarphirs sulipte, areralss wsebdnpbesdhstrateanan baotapdesd Wit cieswétnpl e,

transi stors, capacitors and/or resistors, Qher types of circuit conmponents
ar e al sonpusehtsl(notsd0wh)l Thecdtdishpaieatsican fnctudesfor prxapgie gehnsistds,aapddEbrsl ayer
630. The 1CD |l ayer includes an upper or !MD portion and a | ower or us)

por t i Odhd/ditesibtbtd. CRRetGpds ¥ diichi@ chRySient ardhlsh isdrgyer ed Mack. For exanpl e,
a single layer can. be used to serve as both the TED and I M) or separate

| ayer f . s can

be” ai SionSEl Datha bt A REEral vt ReP 532 65 PR R0 T BL LGB
I il i de. her t t' diei [ teri [

sor ol soneppr IiBrhePdor it lavr ot 1115 Boriapert B d DUBRF PSP R e Emilion oxi de

such as FSG ndoped or doped., silicate la s such as BPSG and PSG undoped or

doped leneedsiark: bonmrasplg, e simgloiryerean bagegsela servedsped treddd gap Dt exd

silicon oxide, and lowk or ultra lowk dielectric materials such as 050
and ES@paRteifiperabteyysedfor tbastD tihd IMID Ihaysae cesnpm aesstap layek sankbeatispolsed a
lowk dielectric material. [0052] The LCD | ayer or |ayers can he deposited

usi ng aweaiihe IyPesdIMDIEPRS ICD 04yct E4NHNERIRS; foleXangXanili®n N2, IBeesses
such as PECVD, fIDCVD or APCVD can he used. O her techniques such as

spi n- Ofpl! ACREISaRC H er?a{lssé}e!é?slgfdé,sful Ths daglglgiet b &él@&ﬁfgagggfi&%gﬁfﬁ%he’ can

depend”on the type of nmaterial used an I cation. Ive lines
650 and contacts_ (not .sh are fornmed in.the | MD and H ti
r espoct i ryROh PR e TS e s Lo hirat CHe0E R 20h o RBRE AT an be
f or med f({?on%a gonguct ive mater i,ial , such as copper, alum num _tungsten,
al | oysUndeere et daped Aharmrbly gt b edieeaes vedprad qrigred SEOSulsaetited giicon
materials, including nmetals and alloys, such as Al doped Cu or M doped Cu,
are al @ddeigad low-ktn viirclomdk didlectri¢ inatssials sdclcan®8Gtand ¢&6. Rrefesabipdat laasti ng
damascene or dual damascene processes. O her techniques, such as RLE, can
al so hihe UK lalyer chirgprizena isi-kwe ultrdles/-Rdidleaid @atsalcan be fornmed fromthe
sane material or fromdifferent materials.

[0052] The ICD layer or layers can be deposited using various types of deposition

techniques. For example, CVD processes such as PECVD, HDCVD or APCVD can be used.

Other techniques such as spin-on processes are also useful. The specific process, for example,

can depend on the type of material used and application.

[0053] Conductive lines 650 and contacts (not shown) are formed in the IMD and ILD

portions, respectively, of the ICD layer. The conductive lines and contacts can be formed from a

conductive material, such as copper, aluminum, tungsten, alloys thereof or a combination

thereof. Other types of conductive materials, including metals and alloys, such as Al doped Cu

or Mn doped Cu, are also useful. The conductive lines and contacts can be formed using

damascene 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.
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The conductive |lines and/or contacts can he provided wth vertical or
substantially vertical sidewalk. Providing conductive |lines and/or contacts
with slanted sidewalls is also useful. 100541A barrier 655 can be provided
to line the conductive lines and/or contacts. The barrier, for exanple, can
conprise TaN. Other types of barrier materials are also useful. The barrier
can berdeaonggttivy lintoindéxrasptaets calvbe pfavidad wiglpesticdl ot edistintjalds vérticalf or mi ng
the barrier layer ar also useful, To produce a planar top surface between

the | GRiARHs CPRAMERE ¥endubfSlined aRHAP 86t FitRsRARE Sidewdlfisassoolvefil cal
mechani cal polish, can be enployed. O her types of planarizing processes

can alafshie. AN dlier 43038 %’?Pﬁﬂﬁ’dégg%f?iﬁmg?l?es%dnﬁuéi%ilﬁ%@%‘%ﬂd&r‘f&%ﬁ%ﬁ. qyer the

surfac[ t he conductive nes shown 1 n he cap | ayer,

for exanple, conprises CoNVP. h t ypes ca terial [ I useful .
' The é&g‘zﬁ)‘fra@ér"’,‘a BE> GRAPIPLISC B%s ﬁ}g?’)égpqsﬁgfbémgﬂlgﬁn\?k Ay %lé(g}lgﬁf@’ ilglr? al so
serve as an adhesion |ayer for subsequent |ayers for rreg thereon. .In.one
enbodibeear can he farapsd by b examplsy G¥E- Jythseivees hiechaiques %lf%lg%mgﬂ}ft‘?aﬁa‘?f Ot her
techniques for formng the cap |ayer are also useful. 100561Referring to

Fi g. @ayertahealsopsesulr Taqeodi8? agilarahtopl Oifataeweersthe dcPsmd gopduckive bngsy 8duce a
st epped topography. The top surface 632, in one enbodi nent, is recessed

suf f 1 gil1gnkizihglRodiR saMead\dBBmidhl afeeh&1idd @oliE) tan beserapiowd. ABiMer ty&0K Ot her

val ues of H are also useful. In one enbodinent, the top surface of the 1Cl)

i's reggmqi r6 egﬁsggﬁ'hﬁ@ib@ﬂse%ﬂ ng the CWP step. For exanple, the top

surfa I's over to recess it. Alternatively, a RIB can be perforned
tore t he I CD sel Lve.to th { j Db r
exanp Irr@‘g Fr ot 6P 1F¥E %§%E)Sp%’ru°fl 'fﬂtgfn% a%ggg&lcf hér'( %}%&c%ﬁ@h@%ﬁ%@ﬂa 'hggﬁSO, ke
over-polishing and RIE to formthe yecess.ca g\%ﬁo ﬁ% %Jsef u{l. CIQer 1

t echni HO¥8 1p &2 0By (RGN Reers {8 SyagP e%ﬂ?‘éﬁ?ﬁ&o e Qihephpsye] jap materals
[0057] Referring to Fig. 6d, an etch stop |layer 670 is deposited on the
subst rait else ovefhi. nhetdap laysp for exan@kr,@@ssamesagﬁ eRduptiee linese & can glsggerve as
enbodi ment, the etch stop layer conprises silicon nitride. The etch stop

| ayer geaihesioptdysefoa sasaguent layers|fasesd théeon.eXanpd embodieeat, theappdaysuish as
CoNVP or a conposite of dielectric and nmetal material |ayers. The etch stop

layer, fof8Ed By IWtRe e:le%_trgﬁpspfﬁlhﬁ@ Otheébhguel focforalng3be pdpaydrgue kdher
techni ques for depositing the etch stop layer is also usefid. The thickness

of the %hﬁh stop layer is about 350 - 450 A for dielectric material such as
siliconnitride or 40 - 60A for netallic material such as CoNVP. O her

L. ot GRSG: op NeguRe rbrec MedBBAR s £ il BYEa iRy R L RpRRE, oy

For exanpl e, conductive |lines_and_ contacts, can be forned in.the atdditi onal
| CD | ay stepBAsopqenhy] Tibe o BEREs 635k PRGERbGMER) i ErRsSIISU RGP NI e,

addi ti onal processing can include
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.

[0057] 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
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formng nore I1CD | ayers and interconnections, final passnation, dicing,
assenbly and packagi ng. Q& her processes are also us 100591The i nvention may
be enbodied in other specific fornms without departing fromthe spirit or
essential characteristics thereof. The foregoing enbodi nents, therefore,
are to he considered in all respects illustrative rather than [imting the
i nvent HEFOHEEAS pidy shdriomlaygcspeonmrisna conipehts Ben Hisxpmplecandal Byert he
appended cl ai ns, rather than by the foregoing description, and all changes
t hat ceweb apiCo\V I ot i eompesniicrod deahettn amybmethl equeiividbyaey Toé etch stopllaiensonr e
intended. to be enbraced therein. Wat is clainmed is: CIA A sem conduct or

devi ceexsomme,iis da@sited B €VECsr dlectioddseplating. Othé tehntlues for@lepdsitend the dkhupper
portion of the dielectric |layer. wherein a top surface of the dielectric

| ayer ité]t) N8 RARLaRAf Wk kel YRl ack stgg 144281580 | V&0l A R&-didioLAENg @
st epped topography; and a cap layer covering the stepped topography,

i ) hy. i fi .ed . f i di
bet woene et SicfRP b RESEEEM © oo AT PUiE Tl Biel WRBFRR Gy DY T ' 2"°°
syrface of the dielectric

fg? .efo{lllgc CE:sOsres gr%\{dils%eusg l.CJ‘\g iaTdi%io\rll\Q%E?)i lgyérh6e75tcglrl) be formed over the etch stop layer
670 corresponding to an additional interconnect level. For example, conductive lines and
contacts can be formed in the additional ICD layer 675.
[0058] The process continues to form the IC. For example, additional processing can include
forming more ICD layers and interconnections, final passivation, dicing, assembly and
packaging. Other processes are also useful.
[0059] The invention may be embodied in other specific forms without departing from the
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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| ower than the top surface of the conductive line. The sem conduct or
device of claim1l wherein the top surface of the dielectric layer is than
the top surface of the conductive line by a distance H, to inprove tine
dependent dielectric breakdown (TDDB), 4.The sem conductor device of claim
3 wherein the distance Il is about 250 - 450 A The sem conduct or

devi cewaht i6 krimed issherein the top surface of the e dielectric layer is
biter tha he top surface of the conductive line. 6.The sem conduct or
device of claiml wherein the top surface of the dielectric |ayer is higher
than the top surface of the conductive |line by a distance ft, to inprove

ti me dependent dielectric breakdomncﬁ%ﬁggﬁ). The sem conduct or device of
clam 6 wherein the distance His abou 0 450 A. 8. The sem conduct or

device of claim1l éhith r.conpri.sing a barrier lining side walls and bottom
of t hel-conddSEiranfiyghey device COMPHINGa yi conduct or device of claim| wherein a
top of the cap |ayer over the dielectric layer is noncoplaiiar wwth a top

of the cap 4 diglsetrigderert he conductive i ne.

a conductive line in an upper portion of the dielectric layer, wherein a top surface of the
dielectric layer is non-coplanar with a top surface of the conductive line, forming a stepped
topography; and

a cap layer covering the stepped topography, wherein the stepped topography is
configured to increase effective distance between conductive lines, to enhance interconnect

reliability.

2. The semiconductor device of claim 1 wherein the top surface of the dielectric layer is

lower than the top surface of the conductive line.

3. The semiconductor device of claim 1 wherein the top surface of the dielectric layer is
lower than the top surface of the conductive line by a distance H, to improve time dependent
dielectric breakdown (TDDB).

4, The semiconductor device of claim 3 wherein the distance H is about 250 — 450 A.

5. The semiconductor device of claim 1 wherein the top surface of the dielectric layer is

higher than the top surface of the conductive line.
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10. The sem conductor device of claim1l further conprising a second
dielectric layer on top of the cap | ayer: wherein the second dielectric
| ayer conprises a second conductive |line and a contact; and wherein the
contact couples the second conductive line of the second dielectric |ayer
to the first conductive line below 1 1.The sem conductor device of claiml
wher ei & t heTeapemiggrductosdeee ef ¢laine badheeain the tpp perface 2f thesbieteetin dayest r
device conprising: a dielectric |ayer; a conductive line in an upper
port i ohigbér thivethditep soface of theyenduativediae bya digames i, iaaeprofe timedieptreiehr i C

| ayer is non-coplanar with a top surface of the conductive line, formng a

st eppedictceRRradywndMHDB). conformal cap | ayer covering the stepped
t opography, wherein a top of the confornmal <cap |ayer over the dielectric

| ayer is non-coplanar with a top of the conformal cap |ayer over the
conductive line, wherein the stopped topography is configured to increase

the effectiye dist bet ndyct i h i nt t rekiability.
130 Th Serm BoMRICTOPCHEOFCa: OF CRTAP AP B GAEib T ORICT o440 Bf the

dielectric layer is higher than the top surface of the conductive line by a
di stance H, to inprove tine dependent dielectric breakdown (TDDB),

8. The semiconductor device of claim 1 further comprising a barrier lining sidewalls and

bottom of the conductive line.

9. The semiconductor device of claim 1 wherein a top of the cap layer over the dielectric

layer is non-coplanar with a top of the cap layer over the conductive line.

10.  The semiconductor device of claim 1 further comprising a second dielectric layer on top
of the cap layer;
wherein the second dielectric layer comprises a second conductive line and a contact; and
wherein the contact couples the second conductive line of the second dielectric layer to

the first conductive line below.
11.  The semiconductor device of claim 1 wherein the cap layer contacts the conductive line.

12. A semiconductor device comprising:

a dielectric layer;

a conductive line in an upper portion of the dielectric layer, wherein a top surface of the
dielectric layer is non-coplanar with a top surface of the conductive line, forming a stepped

topography; and
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14. The sem conductor device of Clain" 13 wherein the distance His about
250- 450 15. The sem conductor device of claim 12 wherein the top surface
of the dielectric layer is lower than the top surface of the conductive
line by a distance H, to inprove tinme dependent dielectric breakdown
(TDDB). 16. The sem conductor device of claim 15 wherein the distance His

about 250- A&ffdmal dap l_aﬁlfbosa!iﬁfima duppartopeyhsiey, oherdima mpld thecanfiemal
conprising a barrier lining sidewalls and bottom of the conductive |ine.

18. Trb?tg §§;e& 89&31{@ iRlecHfMb e i@rgl_ogr?&@lz[ﬂa; %ithhabs bNtheRenoemhiadapBdyee aperltiey er

?ontﬁct conductive line. he sem conduct or device of claim12
urther conprising, a second di CLILC : : a
ayer ;co_nﬁucﬂl%ﬁéw& RG0St TP Bl i Bl B Rl LRI e ap
conductive line and a contact; .and wherein the contact couples the second
condudtetween GoReueliRgs @ F‘I‘EFedP@f‘iQE{“?ntel}aBb‘éY' to the first conductive |ine
bel ow. 20. The sem conduct or device of claim19 further coeco d can | ayer
bet ween the second dielectric layer and the top surface of the first
conductive line.

13.  The semiconductor device of claim 12 wherein the top surface of the dielectric layer is
higher than the top surface of the conductive line by a distance H, to improve time dependent

dielectric breakdown (TDDB).
14. The semiconductor device of claim 13 wherein the distance H is about 250 — 450 A.

15.  The semiconductor device of claim 12 wherein the top surface of the dielectric layer is
lower than the top surface of the conductive line by a distance H, to improve time dependent

dielectric breakdown (TDDB).
16. The semiconductor device of claim 15 wherein the distance H is about 250 — 450 A.

17.  The semiconductor device of claim 12 further comprising a barrier lining sidewalls and

bottom of the conductive line.

18.  The semiconductor device of claim 12 wherein the conformal cap layer contacts the

conductive line.

19.  The semiconductor device of claim 12 further comprising a second dielectric layer on top

of the conformal cap layer;
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wherein the second dielectric layer comprises a second conductive line and a contact; and
wherein the contact couples the second conductive line of the second dielectric layer to

the first conductive line below.

20.  The semiconductor device of claim 19 further comprising a second cap layer between the

second dielectric layer and the top surface of the first conductive line.
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