RELIABLE INTERCONNECTS BACKGROUND [0001] The fabrication of
integrated 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. InterconnectiomERIA R B IBIREPNNG Edmtacts and conductive

lines in a dielectric layer using, forAexamgle damascene techniques. A
damascene structure, for exampi%, s ngnaia or contact hole in a lower
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devices. [0002] As critical dimensions (CD) continue to shrink, time
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issue. For example, the destruction of the dielectric layer can cause
anldIfereenme Gt ionghodatender nadhaile refestly @icloQa3] fynsihe foregaiie,
discussion, it is desirable to improve TDDB to increase IC reliability.
diMMARYNNIGOS4 ] A dabodime ntsugens fally yelgte todwiesicomduaiotact hole in a
devices and methods of forming a semiconductor device. In one
loreitesdirpeanda frretiodhich fogeiatpldy sedictndutsodevidelisinpre septedortion.
The method includes providing a substrate prepared with a dielectric layer
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uppeﬁr}gﬁortion of the dielectric_layer. The method includes processing the
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another embodiment, the top surface of the dieléctric layer 1s below or above
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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.



1 [0005] A semiconductor device is disclosed in one embodiment. The

semiconductor device includes a substrate and a dielectric layer on the

substrate. The dielectric layer has a conductive line in an upper portion

thereof. A top surface of the dielectric layer and a top surface of the '
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_along with advantages and features of the present invention herein .
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.description and the ;accompanying.drawings,. Furthermore, it is to be
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i exist in various combinations and
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permutations. BRIE N OF THE DRAWINGS [0007] In the
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throughout the different views. Also, the drawings are not necessarily to
h&ealeiRmppaasislibsiead gparialirdeing Rlasedw prrrdldstiatiogdhption and the
principles of the invention. In the following description, various embodiments
a@bthenpyesshtiventibmréeentdesciilre bdtimdefexexabaatité&follevwifighe various
drawings, in which: [0008] Fig. 1 shows a cross-sectional view of a portion of
erbodimisoididsesritstlidarid afo000Eiglly showsva andssnsedsionalavieyy esfrabinations
portion of another embodiment of an IC; [0010] Figs. 3a-d show a process
aid PESTATREPRH embodiment of an IC in accordance with one embodiment of

the invention; [0011] Fig. 4 shows a cross- ional view of a portion of yet
another embodimen Bﬁ%‘ﬂé&fﬁ%q% Oéefﬁg\%%&ggg ectional view of
[o%d’;j”"”ipot another embodiment of an | éra”éjn%ﬁ1?4@93u?eas'éjm%hows%hmughout
process for forming anhother embodiment of an 1C In accordance whh one

th@%%%m%mf tﬂ%&pﬁ%ﬁ@@/ings 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:

[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.



2 DETAILED DESCRIPTION [0014] 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. THEHESEER @m&m&%d into, for example,
consumer electronic products, such as computers, cell phones, and personal

[0Hal addphatitacbRRS 00 11 BI§ 1shoEParied LB HsRIFviBW bRl

re%%g n;of. an integrated pircult (1), 109, In, accordpnee wih.ong embodimentyc
S shown, (EPIG porton Inciuaes a sups rré]tlegl%g. € supstrate, 10r e a?]ﬁple,

S RRIRETAMEN SHESHAIROINSLIYRGSPL S UDSHRIF S SUGR 37 ?glit%&}{lon-chip

germanium or silicon-on-insulator (SOI), are also useful. The substrate may
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resistors formed thereon. Other types of circuit components are also useful.

cdRPLEFA dielecihic, laye pdraéhis disposedsonth@Bubstrate. The dielectric layer,
for example, serves as an interconnect dielectric (ICD) layer in which
[GatSiconRectiohswse tovmadctinneheeembodimentpfhe HEEmeludesiloier 18dn
upper portions. The lower portion serves as an inter- level dielectric (ILD)
adegidpnghivatthenappedortion denhesashapmtreninctadatieladwicagNIed) Ter.
The dielectric layer can be a single layer or multi-layered stack. For example,
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layers are used for the ILD and IMD. In some cases, an etch stop layer can
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or example, the dielectric'layer ¢an comprise gopecfsﬁcon

oP&ii‘éﬁit%%ﬁHp@ﬁeﬂMﬁQQf&%%‘fﬁPn oxidg (FSG), undoped or doped silicate
glasses such as boron phosphate silicate glass (BPSG) and phosphate
[ovligpte 9&6&%165’@@1%&9@%@%@5&@%&4 thesmadiyte. 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



grown silicon oxide, undoped or doped TEOS deposited silicon oxide, and

low-k or ultra low-k 3 dielectric materials such as organo-silicate glass (OSG)

and fluorine-doped silicate glass (FSG). Preferably, at least the IMD layer

comprises a low-k or ultra low-k dielectric material. [0018] Conductive lines
diglsgteeaRypRdt Sirhs mepnpoisteotitre () apdilutimecmad cilirathirgdass (FSG).

caomprise a conductive material such as copper, Other types of metals, alloys
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conductive lines and contacts can comprise the same or différent materials.
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The slanted sidewall profile improves sidewall barrier and seed coverage
célastghpraeessigiivdienstabiashsidevals teroaxanpladicgapmsa@n anglehef
about 85 - 90. Other sidewall angles, including non-slanted sidewalls, are
calsotusgiuls {@0 b oTHee oembiinntiver ines casuihclsiddtasiarnegd&Solinmgistors. The
sidewalls and bottoms thereof. The barrier prevents the diffusion of the
cshydiictiiachnadsansis chor@mpoa thetereorCifragermarerealsarkies capductive lines
serves as an adhesion layer for other conductive line material to better
andhprerenter tirrandhe BERYidssh atidhislanteksisiarridls- fofhecinisbsidaviedonifigmproves
tantalum nitride (TaN). Other _types of barrier materials, such as tantalum
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In accordance itI%on ngRodiment..a top surface 158 of the conductive
S R e e B SR e
JREGEssINg the top surface of the conductive lines below the top surface of

the ICD layer increases the effective distance between the conductive lines.
[0Dnig hasripgepniaraddaipcieasR the Eﬁ&iﬁﬁgit}lﬂflmﬁgﬂﬁﬁﬂiﬁ 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.

[0020] 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
layer by improving TDDB. In one embodiment, H is sufficient to improve TDDB. In one

embodiment, H is about 250 - 450A. Other values of H are also useful.



layer by improving TDDB. In one embodiment, H is sufficient to improve
TDDB. In one embodiment, H is about 250 - 450A. Other values of H are
also useful. 4 [0021] 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 to
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etch stop layer can also serve as a barrier layer to protect the conductive
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for subsequent layers deposited thereon. [0022] Fig. 2 shows a

lecs@SaingokionabviewmDhgppostierioiap iniegrmed ediauifud Oh2Pning the etch stop
accordance with one embodiment. The portion, similar to the portion of Fig. 1,
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105, wherein a top surface 158 of the conductive lines is recessed below the

cqogpsiivfaldecoirthe oG bulipe rAidRtibyad diktanr albe. hp wwae agmisdbaviemtaeay for
etch stop layer 170 is disposed over the surface of the ICD layer. The etch

SupS9URRY K EBSROBHEN BSETMd top of the conductive lines. [0023] Above the

isposed a dielectric layer 275. In one embodiment, the
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0024] The second ICD layer 275, like the first ICD layer 130, includes lower
cHIARPBhes 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.
[0023] 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.
[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



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
belaav s deorittue thhhsr anEsHARIB Y 815iFES 3 F OB A REBToNE S s B uTidve lines

ensure that the contacts are in electrical communication with the conductive

beiges s ¥t Sy W i BB AR the etch stop. [0025] The conductive lines

contacts can include a barrier 265 lining sidewalls bottoms thereof
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also useful. As shown, the top surface of the second ICD layer 275 is

sik@RIapAraith thefeR siHace fdhentanAUGHNE NS SIS I MeNRo useful. As
embodiment, the top surface of the second ICD layer can be recessed
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provided over the top surface of the second ICD layer and conductive lines.
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layer corresponding to additional interconnect levels. [0026] Figs. 3a-d show
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embodiment. Referring to Fig’éga, a substrate 305 is provided. The substrate,
YR ShfetoartiEImMME e ceRnptilel Kysigpe Cndertive HagratEudhsiatofgpaddgional ICD

substrates, Slllj‘cé sagrermani m:-based, gallium rsenid(?__ _
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le%fgstrate can be prepared with circuit components (not shown). Circuit
components can include, for example, transistors, capacitors and/or
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substrate Is further prepared with an ICD layer 330. The ICD layer includes
ePodiment. 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.

[0027] 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
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 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
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types of dielectric materials are also useful. For example, the dielectric Jayer

Hﬁmﬂgfegrawédlgﬂ?cw&xm@%éwawagﬁﬁ&ﬁ. sl e s and low-
l 6 such as.b t t
k%}g 95 [EJ%O ed lca ass%l%s o?é‘g,c%cgs)l 1cz?tro%a§ d@?@?a%ds 'Cc%ﬁegc%%fes

osp a e SI IC& e glass ope ermal

s1EEQ%é’ i5UUGRE X ANHRPEA QL ARPRAD RQe dsRaRiied RlleR %rq}ﬂgaero%ﬂﬁ

low- K or ultra low-k dielectric materials such as organo-silicate glass (OSG
danddluaring:gioped silicate glass (FSG). Preferably, at least the IMD Iayer
comprises a low-k or ultra low-k dielectric material. [0028] The ICD layer or
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example, chemical vapor deposition (CVD) processes such as plasma
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can be used. Other techniques such as spin-on processes are also useful.
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and application. The ICD layer may be planarized to improve subsequent
tephairsstgh S SRR HBENSFAS s RlP etk sERe [0820T CuRERIctRiCTHRRIR SN

and contacts (not shown) ar form in the IMD ILD rtlons
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The conductive lines and/or contacts can be provided with slanted sidewalls.
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Providing conductive
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.
[0030] 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,

PVD, CVD or atomic layer deposition (ALD). Other techniques for forming the barrier are also

useful.



lines and/or contacts with non-slanted sidewalls is also useful. [0030] 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
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es of barrier materials, such as tantalum, titanium nitride, . ruthenium or a
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structure. The conductivé material, for example, comprises copper,
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combination thereof. Other types of conductive materials, including metals

plantkaloysr adidlaedsedtladslens esbpidimertMbePvansluglive imateréallso useful.
comprises copper. The conductive material can be deposited by electro-
[0032Ing. Bthesst@cteniguashsciias e dotic- by platingo@ddDyR\YRmrizing process
sputtering, are also useful. [0032] Excess material on the surface of the ICD
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top of the ICD layer. For example, excess conductive and barrier materials
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surface between the conductive lines and IMD. [0033] Referring to
plREaRdpIives R Sane-treassad, puiarelactoR sviac-328 afid ILD and a planar
surface between the conductive lines and IMD.
[0033] 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.
[0034] 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 material can be over polished by CMP. Alternatively, etch back techniques, for

example, selective etch back, are also useful.



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.
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one embodiment, a reverse electrochemical plating is performed to recess. .
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etch back, are also useful. 8 [0035] Reférring to Fig. 3c, an etch stop layer
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conductive lines. In one embodiment, the etch stop layer comprises silicon
alpdtisguil netehistop tayrs aan abpadierascoodursiveday& roiafiexampitatial such
metal layer such as CoWP, or a composite of dielectric and metal layers.
asTHiéc etofitstizpialer 6fdy Example;tise depositecthy s Br Bidetrdlicsseplating.also
Other techniques for depositing the etch stop layer is also useful. The
ugpfiek e adstitinrabditiaston layae3is>abote8s0 FA5GA dor tidienrid evendigaltch stop
such_as silicon nitride or 40 - 60A for conductive material such as CowP.
laga itk diskssdis laysfs b faripla seatditivrtdliiaettitdayares parigsponding to
shown in Fig. 3d canetg& formed over the ef{ch,stop Iager 370. The diel?ctric _
a‘?:ﬁ; e8P ERkHBRCEeEL A9 R YBRiiGRAT TED AN ERHELBHYTAY 16 'grred in
¥ %%amg&%{ ifgg?é)répect level. For example, conductive lines and contacts can
hbe ormed 1N the additional ICD layer. [0036] The process continues to form

(06561 C- Fﬂ{e%@@@@%oﬁtﬂﬁié@f&aﬂoﬁ{%ﬁﬁn@&%&dﬂlﬂféﬁ%ﬂ%ﬂéﬁ;9r88%§§d§8n include

layers and interconnections, final passivation, dicing, assembly an
fRRGKEBING IOBRE RKOLRSHRS RIM QIO B passivation, dicing, assembly and

packaging. Other processes are also useful.

[0037] 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.

[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



[0037] 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

u%ﬁPfﬁEﬂﬂ@éﬁ?&dM&rﬁ%&ﬁéﬁ@%%ﬁ@%ﬁ%&@fﬁ’rﬁ@r%@ﬁ@%‘i baiysendhs, ILD

or resistors formed thereon. Other types of circuit components are also
. [0038] A dielectric layer 430 is disposed on the substrate The

Ef‘dfCtr'CrLey<ﬁ£1J8¥lgi‘§TmJ%1 coRIpTe Torex 'C ltiréﬁe"g‘ & Other types of

connections are ne ém 0 wer and

dMRREICRRLIPNR 0 QliBVL‘{?erfﬁorﬁSi”& (‘]{a‘?é @1% 8@1&9&%%(%‘6@1'90@&%&9 B6ped silicon

portion serves as an IMD layer. The dielectric layer can be a single layer or

oM@y ed SlarkopE@bLXPIPIR @S INEIRILHRN GRB PSAISRIHIS MR ARt ped

the ILD and IMD or separate layers are 9 used for the ILD and IMD. In some

theasaSy i RicklIsiopdayer Ganhd disppsedbosnrpositd siildoaodidd bhd 0OB3%R] or
The dielectric layer can comprise, for example, silicon oxide. Other types of
ultielestiiclivlaterniaisagneadl soct s 108 G-andekadh pRecfilrebthiete dtnice by Evialayer
comprise doped silicon oxide such as FSG, undoped or doped silicate
cymsises slechkaer Bs GwarddirBarigndsped or doped thermally grown silicon
oxide, undoped or doped TEOS deposited silicon oxide, and low-k or ultra
000 didnsessrarrsilipeid Qar Eresdin Sisd¥B@omaraf b CR lavest theeivp

layer comprises a low-k orciJItra low-k dielectric material. O4OA Interconnec

“’I‘i?f&%“&%ﬁ PESIG PR i FRORTB S SRS H D BsR ?E:?:S’RBVer 4 {RES AUJRRAG: 2loys
r|s ondu tive material s ther t
(f%%ué% ? I‘IaE:S arc a SO USi rplﬁ e& t Z %rﬁca S ?I’?O? fé% tH%e[E?és

yS or COI’] uctive materials are aso U ac Wn) can

patiRyidasdectie thPinkigRconReRrina e Hé%%ﬁﬁ%‘i@&t WSS GOMARL ICD level.
regions below. Depending on the ICD level, the contact regions can be other
tHOESAl RS Bh M R RMGRA] Hiffysion ArgatastofimSIRIRGY: 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.
[0041] 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.

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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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. [0041] The interconnect lines can
[00dHide dnpsrretassithRperIBIPdIBahd Bt ace e of theAeiryfars disposed

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

DR FOPHE 1557 11 4 CEpRE B s U sidT fdye f TOY iBthe EdRRISREYRS mhdhe
terial to better adhere to .the dielectric material. The barrier, .for example
Sipte B R e

AT HRRGHEY, BRI OHEAG. LGN, QFACOMNMANRR BRIk RLGR!E er by

useful. A cap layer 458 can be provided over the interconnect lines to

inRaesiMaterbe. condEivsolings tmavidliRehadsestas abpahasionayebddhent,
subsequent layers form thereon. The cap layer may comprise cobalt

Htungsien fhospiideoice W) Qthentyprs afctapping materials, for example
silicon nitride, are also useful. 10 [0042] In accordance with one embodiment,

(0943 sulface 48D afithmiGDdayerds dispd3ads bisjovedopsutiasesaof tiéCD layer.
interconnect lines by a distance H. Providing the top surface of the ICD layer

Thetteh shaw topes apiecetad he imnd oo oh dig intksdprirecidossthéhsffedtivieniayande one
between the interconnect lines. This has been found to increase the

IRORSHIRYL otmarbRsi a kit rae BT irh pHODIAYS THOPIEN iden O GRS BHRETE fEct-s1ep
sufficient to improve TDDB. In one embodiment, H is about 250 - 450A.

mﬁfﬁ‘é‘}%ﬁﬁﬁ(’d@ﬁ“&rér E‘fs%cﬂﬁg?ﬁ 1935643 i’#%ﬁ“éveer%%ﬁﬁ%ﬁé%?{ Berkgphe

inltae' C%rnﬁfg(% 1ils di R)Qnsedi(?g{far the surface of ICD layer. The etch stop layer
covers the I andp%(op of the interconnect lines. The etch stop layer, in one

[(ﬁmﬁf’d"ﬁf‘gﬁs GRIRRIES: & AISIGEH i%é’&%??@[' a AL 33, HUC QR RIS portion,
types of etch stop materials are also useful. The etch stop layer can also
siffiMaAGAPRAIIE biayer 40 RatRS thr-mtgrGanaciings-Ham-axigedignposed over a
substrate 405, wherein a top surface 432 of the ICD layer is recessed below a top surface of the
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.

[0045] 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.

[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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[0044] Fig. 5 shows a cross-sectional view of yet another portion of an IC

500. The portion, similar to the portion of Fig. 4, includes an ICD layer 430

with interconnects 450 disposed over a substrate 405, wherein a top surface

432 of the ICD layer is recessed below a top surface of the interconnect lines
sqs9nel fidedAre - HotRtR orhtochainyidad dtdhed@ipeTaipat o doiseyrspriscd ele the

the surface of the ICD I%gr The etch stop layer covers the ICD and top of

C‘fﬂ‘é“ﬁ’i‘t‘é%‘&ﬁ%@c%??ég“ BSOS PRt ﬂé@ﬁéﬁgca@ﬁ%gsa%lo&@&né o ensure

Y r57n ach aretin ihodiment, ihe. diglectic k"{‘eycer diptivs s pelo Qe 1P xtend
hleayer or ano her n erconnec(fnilevelf or exampie ?.PI Irst 163 ayer Af%}’

th?&&é’r?ﬁl@%t%est%&?&ﬁﬁtgiﬁ%[3}3%“J[%X%%ﬁ‘&‘&m@ FREON i laY ﬁfe?e??nﬁ‘?%ﬁl%&% the

the” second interconnect level. Additional ICD layers can be provide
srff %%ﬁﬁﬁ'%@dﬂ@é@ﬁ@@éu@ﬁﬁ%@ ARechieN o d%s@ihér Hﬁ%fé%ﬁ%%éﬁ@s'ﬁya@{o
575, like the first ICD layer 430, includes lower and upper portions
uBiire Spenebingn ta vk Rnan entZds c SreancaHHL payaddaayitbariptge ossHgitially
dielectric layer or multi-layered stack. Conductive lines 560 are disposed in
viéheal pplempdstidnoofding chidsetontin BridyecoBantacih SE8tahs deey piokdésd
in the lower portion, for example, to couple the conductive lines in the
usségdond ICD layer to conductive lines or contact regions below. To ensure
that the contacts are in electrical communication with the conductive lines

[094Fdw, trdy Es&%éwan?ﬁ%ia@haﬂs’eﬁ@@affé@ﬁ Hiitreap Papers> fringuntidrtives and
li d f th l. P
B R

ne cond ctive Ilnes an %rlnacts can be Iy e[g Wlth vertical pr
sucn as tan%a tltalil d‘ 1uml, are also 8 561‘ dpan also becl%rowded
substantially " vertical side als roviding conductive I|n /or conta

oWt ARiRd FIAeWALS KpiRlse, 1 F%IQQ dﬁ“&fﬂﬁﬁ%%?@%‘é@“@ﬁﬁe@%es of

contacts can include a barrier 5 5 lining sidewalls and
capping materials are also useful.

[0048] 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.

[0049] 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,
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.
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bottoms thereof. The barrier, for example, can comprise TaN. Other types of
barrier materials, such as tantalum, titanium nitride, ruthenium, are also
useful. A cap layer can also be provided over the interconnect lines. The cap
layer, for example, comprises CoWP. Other types of capping materials are

[09RY usetiie fobHBLAs %ﬁ%\ﬁfrﬁrﬂﬁ’éfféﬁ’véﬁhr?aég]afl%ﬁ@f 8BorddadeP I kysr Bekides an
coplanar with the top surface of the conductive lines 560. In one

uRRELS AR RETN 98 &l LH R LRI T - 1RyaP R e Felguesrmult-

similar to that of the first ICD layer. Additionally, an etch stop | ca
oot S CSAEs O ghe S R 1 Ay il b ooe hoeer
sepHIE RN Gre AAURP R P IRV EISIBAN PR REOUGR AR VRIS B?QPgalllccjﬁQr(]lisposed

layer corresponding to additional interconnect levels. [0049] éigs. 6a-d show

bRALERIIPr RIMING. arme Tl diRert Pl npALHORA0Q R RN ficoRERFINGHe:
Fig. 6a, a substrate 605 is provided. The substrate, in one embodiment,

typesrplisascainiypd Siligeniss bsirate Fetheniypeth o inuhstiatos: suebdaspase
germanium-based, gallium arsenide, SOI, or sapphire substrate, are also

desefuilichhe sidb stratesdesChempigpdredivptd siicui gtoepondnis BROSGshalRyG,
Circuit components can include, for example, transistors, capacitors and/or

upgdeipstbes dontseihtypel Yogremauitl sompodentsdapedds daprsd fiEQD Jopsopd kidicon
substrate is further prepared with an ICD layer 630. The ICD layer includes

Oﬁﬁe’wﬂéﬁ’%‘#ﬂRHIBI%}ﬂt’m{é’r‘f’c]eﬁtﬁﬁ/\?é?tﬁﬁfI'.%‘lﬁ‘&ﬁ%d?ﬁq{%%dlg’??ci’heﬁﬁagl§iﬁ@i€a“
layer or multi- layered stack. For example, a single layer can be used to

g NI S BSHTIRETE® SNGN BT SR A A fehi §F¥ ised for the ILD and

. In som es, an etch stop layer can be disposed bet n the ILD
[dé\é@ lMD%%Fhe %%’Ff or layers can Be %ng)?lted USI%YQI‘IO ngﬂes \(l)\fggge.pgstlﬁlon

ayer can compris or exa €, sllicon oxi er

eBR&R A FEleSUIR AR5 e FSQUR SIPELUTXANRAIS HABEIATHS Y&kd.

can comprise doped silicon oxide such as FSG, undoped or doped silicate

Oflaseesn il arBRIFIAOIPFRRses are also useful. The specific process, for example,
can depend on the type of material used and application.

[0052] 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.
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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undoped or doped thermally grown silicon oxide, undoped or doped TEOS
deposited silicon oxide, and low-k or ultra low-k dielectric materials such as
OSG and FSG. Preferably, at least the IMD layer comprises a low-k or ultra
low-k dielectric material. [0051] The ICD layer or layers can be deposited
byERiGVRPRIS RSy dPHEFENo N YEtnAIBedEPEa dscwiphss €V [rnbieass darrier
such as PECVYD, HDCVD or APCVD can be used. Other techniques such as

LBt Al SeERLed AREAISS LBBHIT PRE BHISERE BroRALsIGh Bkt nes. 2
SRS s es L maleral sed and applicaten. 0052) Condletve ings

an ntacts own) are formed’in 10ns,

pl%%ﬁﬁ?ﬁl Vﬁ%@e@!e@“@aﬁ%@&%%eﬁﬂe conductive lines and contacts can be

formedrom a conductive material, such as copper, aluminum, tungsten,

[0d%ays tharegf ay& combinriiamiinereel QthardypesebeandustveMaiaraso, as
including metals and alloys, such as Al doped Cu or Mn doped Cu, are also

sHesaflih AipecBo M ctiveaioe Soardapitactmparehe Jormedihisinged amapeaiierials
or dual damascene processes. Other techniques, such as RIE, can also be

arasdfousthe Foaduyctayedi fisseanopbo piastscanhbe dodmedeftors tHecasandeo serve as
material or from different materials. The conductive lines and/or contacts can

arhedpeeioitealan i sericaborigydis taniadyheertioal Insie walbe dPrenidirgeap layer is
conductive lines and/or contacts with slanted sidewalls is also useful. [0053]

formsdrbe pebessi varlasE et Ridingo fMketiecbpiAbercifrdarmiecaheifop koistaieslso

Th? barrier, for example, can comprise TaN. Other types of barrier materials
us¢f8lalso useful. The 13 barrier can be formed by, for example, CVD. Other

[Jaa( 5 S Ofﬁ%‘fehrﬂilﬂﬁ”t%sp%.r %‘c’,r[ﬁérlﬁqﬂs‘? @é{;&% $?¥%,r /5 ﬁ'ﬁe‘% HSELIARRINEE, quce

nar top surface between the conductive fines, a planarizing

a DEDBES o BIE A CRRMIgALMEENARIGH DRk, FARDE RTARIQUES: (HRRAIYAGS
of planarizing processes can also be useful. [0054] A cap layer 658 is
ipticnahermedhe vaivhigsitfagesabthe sondugve dies drds @8 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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shown in Fig. 6b. The cap layer, for example, comprises CoWP. Other types
of cap materials are also useful. The cap layer, for example, passivates the
conductive lines. It can also serve as an adhesion layer for subsequent
layers formed thereon. In one emhodiment, the cap layer is formed by
magagkRpsiefe stHsRIsE BlatiApHOtRRA e Ml M erbnmeg I ECHF 1) eeare
also useful. [0055] Referring to Fig. 6¢, the top surface 632 of the ICD Ia%/er

thicknessesuy By Proanieddiy S(Pdi%%ro(@fr%ﬁﬂy‘?eﬁ?é’%%%Vﬁffﬁi?ee%’éi% layer
e embodjment, is recessed sufficiently to, improve TDDB. In one ..
DR AR e GG Ll RS SR SO TR e

A& ERAMENLNEARFHIAGE PG LEK s recessed by over polishing

during the CMP step. For example, the top surface is over-buffed to recess

[dbsAfternatively aRiGcaR b BeHaINed R remaykthadGi s6IRuIVa 1 thinclude

conductive lines. The cap layer, for example, protects the copper from
folMMAae ALY IRMEs i pleyidgdeotio Ry ) ehsking andiR i, tadatmythel

recess can also be useful. Other techniques for forming the stepped
pidpegrapbyhar@ralsesassedullsfOB56]l Referring to Fig. 6d, an etch stop layer

670 is deposited on the substrate, covering the top of the ICD and
[958 b uctiVeelineentipnoney dmbobiadiehinpibes sty daye mebeip dspar tisiidom the

nitride. The etch stop layer can comprise a conductive layer, for example a
SRR (2l GavraHal ghaacietitinmheesf c i osrer bredimRedecafathaestarmaieodre

layers. The etch stop layer, for example, is deposited by CVD or )
C%éé?ﬁSFe@ﬁl%fﬁWg“ﬁ%ﬂ?é?i@&ﬁﬁ"}ﬁﬁég‘ﬁ?#‘cﬁ%‘ﬁ&%i J I URBK K Bpehyeria: Scope

o.useful. The thickness, of the etch stgp layer is about 350 - 450 A for
oy e 3 R SRR S R sl
dSNABRR GRYR MRS ARICKIRSSGMA B AIRCHES A hdGHIQDAIIGRAY Bl

675 can be formed over the etch stop layer 670 corresponding to an
clagsitienalinteceeshieyved kReregxample, conductive lines and
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contacts can be formed in the additional ICD layer 675. [0057] 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. [0058] The
WhiensbiediPbe embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments,
therefore, are to be considered in aﬂéﬁ%%ts illustrative rather than limiting
the inven E’ggﬂes ribed herein. Sgk())gte f the invention is thus indicated by

1. A ST
the appnel?l ed ¢ al?ﬁ%l,l afher than uy e%gfgﬁgfﬁﬁrlﬁlé%crlptlon, and all

changes Hak GMSAIIRMs MeaR H‘&&&Fﬂrf@%?@r bR RIRREY R Hi‘eeiectrig layer

claims are intended to be embraced therein. 15 What is claimed is; CLAIM

hakvify DESHALFQE iﬁ%ﬁﬁ%ﬂ%ﬁ%@%ﬁ%@@%%ﬁ@%ﬁ@ %yRroyiding a
substrate prepared with a dielectric layer formed thereon, the dielectric layer
havingacemgduséiveplpadlispestddn ap uppek POLHO g okt digle el oy et
and processing the substrate to produce a top surface of the dielectric layer

caphichr igithot tgoplafiaet withea togusuvtalie: 0 thercomdpetivVepogdehiorm a
stepped topography. 2. The method of claim 1 wherein processing comprises
recessing the conductive line causing the top surface of the conductive line

to be below the top surface of the dielectric layer. 3. The method of claim 1
2wherdh tReep Y oT iR BaNBteHne ARBRE SsIesEi a6 RO typ line

surface of the dielectric layer by a distance H to improve time dependent .
OB SAIA5 A (T ETSEYE HRE 1R BT Bt BEIPR 0EGRS b B FG e

an etch stop layer over the top surfaces of the

3. The method of claim 1 wherein the top surface of the conductive line is disposed below
the 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 an etch stop layer over the top surfaces of the

dielectric layer and conductive line.

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

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

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.

16



dielectric layer and conductive line. 5. The method of claim 1 comprises
forming a barrier lining sidewalls and bottom of the conductive line. 6. The
method of claim 1 comprises providing a second dielectric layer on top of the
first dielectric layer, wherein the second dielectric layer comprises a
7.condlibgvecthind sheldBrscmimisecBrmieecpiss ieesiksnetivenheogpmeaf the
second dielectric layer to the conductive line below. 16 7. The method of
QB ARSEL Rt ming a barrier lining sidewalls and bottom of the
conductive line and contact. 8. The method of claim 1 comprises providing a
cap layer on the top surface of the conductive line. 9. The method of claim 1
s Whergin, pragessing somRisesiecsRsit e disiRairiclavah Whsteln fR.top
surface of the conductive line is above thé top surface of the dielectric layer.
cHiuAisemieonductor device comprising: a substrate; and a dielectric layer on
the substrate, the dielectric layer having a conductive line in an upper portion
thereof, wherein a top surface of the dielectric layer and a top surface of the
conductive line form a stepped topography. 11. The semiconductor device of
9 claimThe swibodinfitieitop wbefacepoidissicpnauptive lieressnp dlowithettaplayer
surface of the dielectric layer. 12. The semiconductor device of claim 10
wighelreihetioe topangrehdee spaductondoetivedline fe Wispodes belbsdiblectop layer.
surface of the dielectric layer by a distance H to improve TDDB. 13. The
semiconductor device of claim 10 comprises a barrier lining sidewalls and

bottom of the conductive line.
10. A semiconductor device comprising:

a substrate; and
a dielectric layer on the substrate, the dielectric layer having a conductive line in an upper
portion thereof, wherein a top surface of the dielectric layer and a top surface of the conductive

line form a stepped topography.

11. The semiconductor device of claim 10 wherein the top surface of the conductive line is

below the top surface of the dielectric layer.

12. The semiconductor device of claim 10 wherein the top surface of the conductive line is

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

13. The semiconductor device of claim 10 comprises a barrier lining sidewalls and bottom of

the conductive line.
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17 14. The semiconductor of claim 10 comprises a cap layer on top of the
surface of the conductive line. 15. The semiconductor of claim 10 comprises
an etch stop layer over the top surfaces of the dielectric layer and conductive
line. 16. The semiconductor of claim 10 comprises a second dielectric layer

1bn tophsfsarei fraduefi et it a8 comRitesh aapdarsri éielectiresiiase of the
comprises a conductive line and contact, the contact couples the conductive

IR IPhESecond dielectric layer to the conductive line below. 17. The
semiconductor of claim 10 wherein the top surface of the conductive line is
above the top surface of the dielectric layer by a distance H to improve

15 DD&y, 18, ARGINGS T3 JAI NP3 SRS QNG AGHER SAMRURIPSurfaces of the

providing a substrate prepared with a dielectric layer formed thereon, the

didielasnisylaygn Qaving& ¢arductive line disposed in an upper portion of the
dielectric layer; and processing the substrate to produce a top surface of the

dielectric layer which is not coplanar with top surface of the conductive line

to form a stepped topography, wherein the top surface of the dielectric layer
16s belbwe exmaboavdithe o6 plsunfaeecnihecondwotiviecliesolderain tquchthe first

configuration improves TDDB. 19. The method of claim 18 wherein the top
diladtisd petteheieie diriccegpel dis betonl v apmvprithreatopdutfiaedinf the contact, the

conductive line by a distance H. 20. The method of claim 19 wherein the
cpiactreunlesdhsisonduasiye lsgx thg gecond dielectric layer to the conductive line below.

17. The semiconductor of claim 10 wherein the top surface of the conductive line is above

the top surface of the dielectric layer by a distance H to improve TDDB.

18. A method for forming a semiconductor 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; and

processing the substrate to produce a top surface of the dielectric layer which is not
coplanar with top surface of the conductive line to form a stepped topography, wherein the top
surface of the dielectric layer is below or above the top surface of the conductive lines wherein

such configuration improves TDDB.

19. The method of claim 18 wherein the top surface of the dielectric layer is below or above

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

20. The method of claim 19 wherein the distance H is about 250 — 450A.
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