RELIABLE INTERCONNECTS CROSS-REFERENCE TO RELATED APPLICATION I0001:1This
application is a divisional application which claims benefit of copending U.S. patent application Ser.
No. 12/196,291, filed on August 22, 2008. All disclosures are incorporated herewith by reference.
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BACKGROUND
[0002] 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. 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]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
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conductive line form a stepped topography.

[0007] These and other objects, along with advantages and features of the present invention

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



[00081In 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 he principles of the invention. In the following description, various
embodiments of the present invention are described with reference to the tbllowing drawings in which:

[0009]Fign} ghowsRLrossr SREHONAI W R 3RARIINR AR SMBodIMER G ﬂ@%giﬁ&d&ébows a

cross-sectional view of a portion of another embodiment of an IC; [0011]Figs. 3a-d show a process for

forming ghespRedimsnt 204 G dnAcseidance with one embodiment of the invention; [0012]Fig. 4

shows a cross-sectional viewportion ofanother embodiment ofC; [KB]Fig. 5 showsa cross-sectional
view of a portion of another embodiment of an IC; and with one embodiment of the invention.
DETAILED DESCRIPTION

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



[0015]Embodiments generally relates to 1Cs. 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 memaories, signal processors system-on-chip devices. The 1Cs can
be incorporated into, for example, consumer electronic products, such as computers, cell phones, and
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conductive lines and contacts can comprise the same or different materials. The conductive lines
and/or contacts can be provided with slanted sidewalls. The slanted sidewall profile improves
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



[00191Conductive lines 150 are formed in the IMD portion of the ICD layer. The conductive lines
comprise a conductive material such as copper. Other types of metals, alloys or conductive materials
are also useful. Contacts (not shown) can be provided in the ILD portion, connecting the conductive
lines to contact regions below. Depending on the 1CD level, the contact re{.0ons can be other metal
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the top surface of the conductive lines below the top Surface of the ICD layer incréases the effective
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less plating or CVD. Other types of etch stop materials or techniques for forming the etch stop
layer are also useful. The etch stop layer can also serve as a barrier layer to protect the
conductive lines from oxidation. Additionally, it may also be used as an adhesion layer for
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



layer by improving TDDB. In one embodiment, H is sufficient to improve DDB. In one embodiment. H
is about 250 - 450,k. Other values of H are also useful. [0022]In one embodiment, an. etch stop layer
170 is disposed over the surface of the [CD layer. The etch stop layer covers the ICD and top of the
conductive lines. The etch stop layer, in one embodiment, comprises a dielectric material, such as
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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.

[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



second ICD layer. Contacts 263 can be provided in the ILD, for example, to couple the conductive
lines in the [MD of the second ICD layer to conductive lines or contact regions below, To ensure that
the contacts are in electrical communication with the conductive lines below, they extend through the
etch stop. [00261The conductive lines and contacts can include a barrier 265 lining sidewalls and

bottoms, {aereniqiENe PRk EXAIRIE uSANICHDPEREAN (RIBRIYRES S PR M3IaNAls, such as

tantalum; titanium nitride, ruthenium or a combination thereof, are also useful. As shown, the top
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one embodiment, the top surface of the second LCD layer can be recessed similar to that of the first
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300 of an IC in accordance with one embodiment. Referring to Fig. 3a, a substrate 305 is provided.
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such as a gerrnaniumbased, gallium arsenide, silicon-on-insulator (SO!), or sapphire substrate, are
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for example, transistors, capacitors and/or resistors Other types of circuit components are also useful.
100281 hgsuastiatedsfurther prepared with an ICD layer 330. The ICD layer includes an upper or
IMD portion and a lowerLD portion. The ICD can be a single layer or multi- layered stack. For example
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and IMD. In some cases, an etch stop layer can be disposed between the ILD and IMD. The ICD layer
can compisfqiRtk examplgmSHCeARNEa vABeHeposition (CVD) processes such as plasma enhanced

(PECVD), high density (HDCVD), atmospheric pressure (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. The ICD layer may be planarized to

improve subsequent processing, such as pattern transfer processes.

[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,



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

materials such as organo-silicate glass Osg\){v d&l .orine-doped silicate glass (ESG). Preferably, at
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can be deposited using various types of deposition techniques. For example, chemical vapor

depositi VD) processes such as plasma enhanced (PECVD), high density (HOCVD), atmospheric
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may be planarized to improve sz{)ﬁe uent processin ch as pattern transfer processes.
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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



dual damascene structure. The conductive material, for example, comprises copper, aluminum,
tungsten, alloys such as Al doped Cu, Mn doped Cu, or a combinationof. Other types of conductive
materials, including metals and alloys, are also useful. In one embodiment, the conductive material
comprises copper. The conductive material can be deposited by electro- plating. Other techniques,
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as silicon nitride or 40 - 60A for conductive material such as CoWP. Other thicknesses are also
useful. An additional dielectric layer 375 as shown in Fig. 3d can be formed over the etch stop
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.



conductive material can be over polished by CMP. Alternatively, etch back techniques, for example,
selective etch back are also useful. I00361Referring to Fig. 3c, an etch stop layer 370 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 also be a conductive layer, for example a metal layer

such as CoWP, or a composite of dielectric and metal Jayers. etc layer, for example, is
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useful. The thickness of the etch stop layer is about 350 - 450A for dielectric material syc silicon
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additional dielectric layer 375 as shown in Fig. 3d can be formed over the etch stop layer 370. The
dielectriﬁqgwp,)thr example, serves as an additional ICD layer corresponding to an additional
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tower portion serves as an LLD layer while the upper. portion serves as an IMD layer, The dielectric
layer cafPHPHEHIO Hre?'d Hﬁ%&@é?g&é accﬁ?ﬁl‘:‘g?qéxample, a single layer can be used to serve as

o R T BT R PR G425 o o S0
interconnect lines comprise a conductive material such as copper. Other types of metals, alloys
or conductive materials are also useful. Contacts (not shown) can be provided in the ILD
portion, connecting the 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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[00401The dielectric layer can comprise, for example, silicon oxide. Other types of dielectric materials
are Iso useful. For example, the dielectric layer can comprise doped silicon oxide such as FSG,
undoped or doped silicate glasses such as BPS() and PSG, undoped or doped thermally grown silicon
oxide, undoped or doped TF.OS deposited silicon oxide, and low-k or ultra low-k dielectric materials

such a5 0SG1 ESn IR east e M Ipher conriser oMk g dclectr

material. [0041]interconnect lines 450 are forme portion of the [CD layer. The interconnect

lines comprisaid eoPutNE NAteHaliaLeh a3 GRRPARRther types of metals, alloys or conductive

materials are also useful. Contacts (not shown) can be provided in the ILD portion, connecting the

interconpggsines {p coRGhERAIARSHEIMLRERRAAINGA G ICB feyElin e PrRlRctifegions.qan be

other metal lines or devices, such as diffusion or gates of transistors. The conductive lines and

contacts,gRf GepRisR the e ek diffatentmetsyialssthecandustve ines agsiarceptaets.can be

provided with vertical or substantially vertical sidewalls. Providing conductive lines and/or contacts with

slanted gigeyyalls izelsaneseiibutOR4 2 The ntersrnng stincihde RNathel xR Jining side walsand

bottoms thereof The bather prevents the diffusion of the conductive line material, for e.g. Cu, into the

ICD layefe [fiebathesalaesServesias BbAMHERIAN laYRAieeihel AqndsHvR: IR BRIEia) ter

adhere to the dielectric material. The barrier, f r example, can comprise tantalum nitride (TaN). Other

types of kel pate s, Busibasiialm, Hanmpitide MReLTDSR aarphinatisndheigof, are

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

lines. It payAlse: bediseshas anadhesien layenfernaudbseguent liners form thereon. The cap layer may

comprise cobalt tungsten phosphide (CoWP). Other types of capping materials, for example silicon

nitride, 5450 USaibhOQABIIMASHOFHARGS NG T0ROINNRREIDHIRP BlIianre&3s et ihe.l 6D layer

is disposed below top surfaces of the interconnect lines by a distance FT Providing the top surface of

the ICDjgyerbeioyy 1gon skrfase RithainisreonneshiRsraases e lagiive dlisirnce babveen

the interconnect lines. This has been found to increase the reliability of the dielectric layer by

improving, pEAR:AN engReRodiment 1 i auffitiQUtiouprayeniHRs. ddtansLmbedimesy. IL is
about 250 - 450A. Other values of H are also useful. [0044]In one embodiment, an etch stop layer 470
is dispogedepue dhe S Tacg @l TaPdR% % op layer can also serve as a barrier layer to protect the
interconnect lines from oxidation.
[0045] 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 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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The etch stop layer covers the LCD and top of the intereonncet lines. The etch stop layer, in one
embodiment, comprises a dielectric material, such as silicon nitride. Other types of etch stop materials
are also usefid. Th.e etch stop layer can also serve as a barrier layer to protect the interconnect Lines
from oxidation. [0045]Fig. 5 shows a cross-sectional view of yet another portion of an IC 500. The

portion, similar to the portion of Fig. 4, mcludes CD r430 h| terconnects 4 Odlsposed over
a substi@47bs, wHsraseRtls- Ly X1 30! H?etnla?eel’é‘fﬁt I@rpéi%%re 6%7 CXEh BHEEE of the

interconnect lines by a distance EL. In one embo n etch sto er 470 IS disposed over the
surface REFHHRAIEHIERRANCERG t@tH‘I% rgé‘\%?ﬁgébl%ﬁrdﬂa}t(g }éﬁg m%lell%or‘tflgeicf%%lAbove

the LCD layer is disposed a dielectrjc I yer 575 In bOdI e dlelectr e erves as
another Et?b%\%}l%ﬂ%ﬂ‘?eﬁ%t% Etl é'vlé‘ilel% ¥8°§ﬁ Htl ??g}r)tefag’/er 2 o} t;eﬁrves as the
first interconnect level and the s dLC tﬁ?fﬁ s as the secr%nd inter npect leye
AddltlorFSFB'(‘fH%e?geEarQBBtﬁ? §2g 1] 51%‘ QN RSTHSR Brinéctisvels, g4bﬁ“he
second ICD layer 575, like the first er 430 clude lower and u ortigns carres ondlng to
1LD an&%@t‘f}l s t'e:%qé%?ftﬂiggj S Cé’% 5 é"&.e s&tPic a%él?tg}r) Pa?/eredclrgtalrﬁu

Conductjve lines 560 are disppsed in the u ortion fthe Se ond | ntact 563 can be
provided#t the GOWAFH AR S?tgﬁé\irﬁﬁ&"{@&%agﬁ% HHE %Cetlﬁﬁ(i:gl Fsaﬁq écon% %}B ayer to
conductive lines or contact regions below. oens re .th tthec ntacts re| trlcal o] nication
with the BEREIRSS M?e? c é?y&f'e ol lhc‘tt'ueale &h & gip UHACE C? ayersy‘f;t(t) ﬁ%‘%%.ve

lines and contacts, rably comprise the same ate |a PrOV|d|n uctlve line d contacts
comprrsfﬁﬁ‘%lﬁ?& m t8¥ﬂ£|\{§$s°8§%“ﬁé‘é‘?utnﬁ% Conde |ve s HSI 7%r QrentmaleHAIS T alkd

ontacts can be prowded with

vertical or tiall ertlca idewalls. Prqviding conductiv. ne an lor cont hyslanted
sidewall®® ?H 1['682@]‘%65 Pgo%n%cq nes%n r(c“(sln(facts can in lclauld) QB%?}H% 5 lining
sidewalls and eof he bar ler,. for.exa can rise ‘f e&tﬁgesse barner
materlal‘ée@ﬁf,l Sé e OYﬂt mﬁr?ﬁ"h. ] Ve h egﬁfgmdra:roen a s{g%s%f cap ay%r canaaf)so be
prowded over the interconnect es. The cap Iayer, for example, comprises CoWP. Other types of

capplng rials are also useful. 100491As shown, the top surface of the second ICD layer 575 is

Coplanaio\“‘&]the t‘?l?e interconnect lines and contacts can include a barrier 565 lining sidewalls and
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 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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surface of the conductive lines 560. In one embodiment, the top surface of the second [CD layer can
be recessed similar to that of the first LCD layer. Additionally, an etch stop layer can be provided over
the top surface of the second [CD layer and conductive lines. Furthermore, additional ICD layers can
be provided over the second LCD layer corresponding to additional interconnect levels. 100501Figs.
6a-d sh 2 {%g? g iment of rtion. 600 of an IC, Referring.to Fie. 6a, a
substra%e%(?éa{g& r%l.\?/ilrégsgl e%l?ggtgg%?%g@he@%Bo%?rrn%%ﬁagorﬁ rrlgspeasrezf\1 BYI- yﬁg S |Econ substrate.
Other ty e um- allium_arseni Q1. or sapphire substrate,
are alse e e L TP e, s B
compongnis can.in d trapsj ito resistors, Other types of circuit
components are als%% ugﬁ#%%%&lﬁ%%%%éﬁ tden%g %Séi Ee{l%ﬁiggég{eld with an LCD layer 630. The 1CD
layer in an ugper ALIMD -porti r on.Lhe imile layer or
multi Ia)c;[ered ack. Foru eé(%%fg?g@%%g@?g\éﬁa{ﬁﬂ %ﬁﬁgﬂég%gg\?é ﬁ%@tﬁg e?lf'ﬂ)cwélﬁgsl ) or
separate [avers ﬁgﬁyﬁg for | C disposed
between @g ILO and (IVI?IIIJI?%T eglél_%)o%ﬂ%gérjrggnﬁ g’o&rr}%?llg:srﬁgﬁ g%\?n%ﬁeie;ggl?c}:%%%%%% %]trll%it%ypes
ot'dieiegfic.atesials pre 4l eful. ' Ic layer r silicon
oxide such as FSG mdope onblcfi%c’)p%ja%l.l‘: %il%ica eglg)‘4 § *ggﬁ?ga{g%%’ggcg %agr%og%%g%%igégg o;b(?l%rped
thermally glicon, axi r T ' il [ low-k or ultra
gﬁ‘ﬁ@% la 9@11%}489?919 ggé’ﬁ’ﬁﬁ) %ﬁ%ﬂ%‘%%%%g%%g%ﬁ qa§/e?@9n %‘é’d§s§oé‘e

low-k dielectric materials such as 050 and ESG. Pr astt yer comprises a lo \v-k

or ulra Kl iseetie e CRRAITALPABV L SbIRCI AR IogRalEabrpUS Vbes

of deposition techniques. For examp rocesses such as rA can he

used. OHELISEATIANES:HER 35 Rl A% Norerss At Asp AR e cnasifcpragessfor example,

can depénd on the type of materia application. onductive’

shown) aigdeirdibine: MG BRions deshsd Wik e IGLRRAERILE gangdeve Ines

and contacts can be forme%l%lom a cond%c ve mat , such aS copper, aluminum, tungsteh, alloys

thereo! aha-gemaaiion iarseh UG haRRHY sand-Grs RAtPdalRdAReI RSt anecalioys. such

as Al doped Cu or Mn doped Cu; are also useful. Th.e conductive oritacts can he formed.

using dRRARCER? Bk A (AMASGRRURIBSPRSAA IS IBAN0IBNRS 1R L 8S BifGaN Al:llg useful.

The conductive lines and contacts can‘%e formedI from the same materi&gl%or from é?f?(g(ent materials.

the IMD layer comprises a low-k or ultra low-k dielectric material.

[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 with vertical or substantially vertical sidewalk.
Providing conductive lines and/or contacts with slanted sidewalls is also useful. 10054 1A 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 barrier can be farmed by, for example, CVD.

Other types of techniques for forming the barrier layer ar algo useful, To prodyce.a planar top surface
between IEIEPILHE U ARKA ﬁﬂ’(ﬁ?,cg ﬁ@n{é?ﬁﬂélé%é@é VeI %réﬁ%#%%fﬁrlﬁlec %ﬁ?gal polish, can

be employed. Other types of planarizi rocesses can alsp be useful..[OO551A cap layer 658 is
optionafiffflisd DRidRe s B’étlé'ﬂ%%%gﬁg@(gtﬁ?élﬁﬁ?gs%:ﬁgg%é81\/(\1/%1“@ ig egg Jflﬁéé%gap layer, for

example, comprises CoNVP, Other types. of cap materials gre also. useful, ‘The cap. layer, for example,
passivaiggsme conURRAEAS RRASAT RS rg%lgeéi?@g%%tgﬁ%? Hei6iS ?mes apd/gﬂgorﬁagts &

ayer for sequent layers formed
thereon, In one_.embodiment, the cap layer is formed by selective electraless plating. Other techniques
for formiA e f04 514 %r‘éaﬁlg(gfﬂ’é%%alé.fﬁfgo &ﬁé@%ﬂﬁ%‘ﬁg é?etﬂél%ﬁes%? alcgee@; e“E}‘if‘he ICD
layer is recessed by H to produce a steppe 0 hy. The urface 632, in one.emhodiment, is
recessetP S EREh Mér%(/eﬁf\ﬂ Bﬁrﬂ’g%ng:gﬁbgﬂ nﬁre){ % %ﬁgﬁ%%e_s f%lb og%hnégre[\l}grlré%rsné]f H are
also useful. In one embgodiment, the to rface of the IC)]) is recess y over polishing. during the
CMP B SE TR el SR R S AR DUCB ML o DD e, S L ikt
performed to remove the ICD selective to the conductive lines. The cap laver fQr , protects
the copﬁmmﬂ?ﬁﬁsdm%gaﬁ%e%aé%ﬁ% né‘fﬁfggzirsjﬁci&?%gﬁg%lﬁ%gfg t(oj%erﬁ(}%{%ﬂgcess can
also be useful. Other technigues forbforme! the stepped tepography are also useful. [0057]Referring
to Fig. GAHIAHRR RREISTEr BRI MeBedihd on the substrate,covering the top of the ICD and

con conT8 a coRHTRETEp et AP A T Dy SU SO AR A TR gior
G R RS SRR S e,
S e Tk TG
o 5 R ST AR " AR R R oo

formed by selective electroless plating. Other techniques for forming the cap layer are also

useful.

[0056] Referring to Fig. 6¢, the top surface 632 of the ICD layer is recessed by H to produce

a stepped topography. The top surface 632, in one embodiment, is recessed sufficiently to

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

In one embodiment, the top surface of the ICD is recessed by over polishing during the CMP

step. For example, the top surface is over-buffed to recess it. Alternatively, a RIE can be

performed to remove the ICD selective to the conductive lines. The cap layer, for example,

protects the copper from damage during RIE. Employing both over-polishing and RIE to form

the recess can also be useful. Other techniques for forming the stepped topography are also

useful.

[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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[0058]The process continues to form the IC. For example, additional processing can include forming
more ICD layers and interconnections, final passnation, dicing, assembly and packaging. Other
processes are also us 100591 The invention may be embodied in other specific forms without
departing from the spirit or essential characteristics thereof. The foregoing embodiments, therefore,

are to he;pepsidered gl éﬁ?P&SEl%&#étE%HV&ﬁ%B% hamdniingIgenye alan descred AgLein.

Scope of the invention thus indicated by the appended claims, rather than by the foregoing description,

and all chapgsThRECoMEWipiNRS FaeaBing ANt raRge Al eruivaleney A dne.flaiss Ag injended. to

be embraced therein. What is claimed is: CLAIMS 1. A semiconductor device comprising: a dielectric

layer;  ex@hpRAUCHYS iREIB PE-VPRST ROcHBnof figidielestiic ‘Ryrri yResiajoR st taceehthe

dielectric layer is non-coplanar with a top surface of the conductive line, thereby forming a stepped

topogragy; AYE: is aREQIURIMFHRIAN JPRICAP YSRGS N AN MbGEEY FOURFANG Nk feR s face of

the dielectric layer and the top surface of the conductive line thereby covering and maintaining the

stepped-aRagrapi WRRIEN Higialenrss tepaaiaRly s roRliaadieincreasereiisaiiye distance

between conductive lines, to enhance interconnect reliability.
thicknesses are also useful. An additional ICD layer 675 can 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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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 ?‘gg -t45q A. SEI.T_he semiconductor device of claim 1 wherein the top surface of the
dielectric Iayer%slﬁféﬁlélrl? 4 the top surface of the conductive line. 6. The semiconductor device of
claim 1 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). 7. The semiconductor
device of claim 6 wherein the distance H is about 250,- 450 A. 8. The semiconductor device of claim 1
further comprising a barrier lining sidewalls and bottom of the conductive line. 9. The semiconductor
device of cl?im 1 M]eerr%ilré a Epcttg; H%%itc:oréformrzlal igtch stop/cap layer over the dielectric layer is
non-coplanar with a §op o the conformal dielBetricetch stop/cap layer over the conductive line. 10.
The semiconductoallr ﬁileeyfi:c ri(c)flz?l%im 1 further comprising a second dielectric layer on top of the
conformal etch stop cap(iayer;XNFierein the second dielectric layer comprises a second conductive line

and a contact; 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, thereby forming
a stepped topography; and

a conformal etch stop/cap layer covering and directly contacting the top surface of the
dielectric layer and the top surface of the conductive line thereby covering and maintaining
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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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 conformal etch
stop/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

's non-coplanar with, 2 (op.surface of he conduclive e, thefeby. ormind. 2 sippped gpogaphy; and
a conformal etch stop/cap layer covering the stepped topography, wherein a top of the conformal etch

stop/cap layer,ovey the dielectric. layer. js non-coplanar with a top of t onformal etch stop/cap, layer
over the colHIB B e S ST SRS b SO In SR B R, e
the dielectri&ié?é/c%ricv%)her I theﬁ.ﬁg d topography is configured to increase the effective distance

reaE own ). . - . . .
between conductive lines 10 enhance interconnect reliability. 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 yihereip,ne distange isahout 250540, 45 dhesemicqnducior device, pf leim 12
wherein the top surface of the dielectric layer is lower than the top surface of the conducfive 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.

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 conformal etch stop/cap
layer over the dielectric layer is non-coplanar with a top of the conformal dielectric etch

stop/cap layer over the conductive line.

10. The semiconductor device of claim 1 further comprising a second dielectric layer on
top of the conformal etch stop/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 conformal etch stop/cap layer

contacts the conductive line.

12. A semiconductor device comprising:

a dielectric layer;
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17. The semiconductor device of claim 12 further comprising a barrier lining sidewalls and bottom of
the conductive line. comprises a dielectric layer. 19. The semiconductor device of claim 12 further
comprising a second dielectric layer on top of the conformal etch stop/cap layer; wherein the second
dielectric layer comprises a second conductive line and a contact; and wherein the contact couples

the second conductive,ing of. e, second, dielectic layer tojihe fist condugtive line belowr, 20, The
semiconductor defice S e 1§ %ur%ﬁelpgon?prismg a second cap 1a¥/el’ [if e

t
etween the con o?rﬁgl etch
stop/cap Ia)(ﬁer 1 eE:t[]relct?iglesruirsf%%%-%gf)rl]:?ngrrs\}n 0 88 ts“lﬂ(rafeltlgee(')f the conductive line, thereby forming

a stepped topography; and

a conformal etch stop/cap layer covering the stepped topography, wherein a top of the
conformal etch stop/cap layer over the dielectric layer is non-coplanar with a top of the
conformal etch stop/cap layer over the conductive line, the conformal etch stop/cap layer
directly contacting the conductive line and the dielectric layer, wherein the stepped
topography is configured to increase the effective distance between conductive lines to

enhance interconnect reliability.

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.
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18.  The semiconductor device of claim 12 wherein the conformal etch stop/cap layer

comprises a dielectric layer.

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

top of the conformal etch stop/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.

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

the conformal etch stop/cap layer and the top surface of the first conductive line.
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