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In general, semiconductor devices are manufactured or fabricated on disks of
semiconducting materials called wafers or slices. More particularly, wafers are
initially sliced from a silicon ingot. The wafers then undergo multiple masking,
etching, and deposition processes to form the electronic circuitry of semiconductor
devices.

During the past decades, the semiconductor industry has increased the power
of semiconductor devices in accordance with Moore’s law, which predicts that the
power of semiconductor devices will double every 18 months. This increase in the
power of semiconductor devices has been achieved in part by decreasing the feature
size (i.e., the smallest dimension presént on a device) of these semiconductor devices.
In fact, the feature size of semiconductor devices has quickly gone from 0.35 microns
to 0.25 microns, and now to 0.18 microns. Undoubtedly, this trend toward smaller
semiconductor devices is likely to proceed well beyond the sub-0.18 micron stage.

However, one potential limiting factor to developing more powerful
semiconductor devices is the increasing signal delays at the interconnections (the lines
of conductors, which connect elements of a single semiconductor device and/or
connect any number of semiconductor devices together). As the feature size of
semiconductor devices has decreased, the density of interconnections on the devices

has increased. The closer proximity of interconnections, however, increases the line-
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relates to fomnd éshventicha® HarfhscanSpivceRNEYE] @ patleed within canal-like
trenches and/or via. The deposited metal is then typically polished back using
chemical mechanical polishing (CMP). In general, depending on the interconnection
structure design, anywhere from half a micron to 1.5 millimeters of metal can be
polished.

However, when metal is patterned within trenches and/or via of a low-K
dielectric material, and then polished back using CMP, the low-K dielectric material
can fracture or pull away from the metal within the trenches and/or via due to the
stress and pressure of CMP. Consequently, strong or rigid structures have been
formed within the low-K dielectric materials to help them sustain the stress and
pressure applied during CMP. However, building such structures within the low-K
dielectric materials can be costly and can increase the interconnection delays within

the device that the low-K dielectric materials were intended to reduce.

SUMMARY
The present invention relates to forming a layer of a semiconductor wafer. In
accordance with one aspect of the present invention, a dielectric layer is deposited on

the semiconductor wafer. The dielectric layer includes material having a low
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DRAW NG FI GURES The present invention can be best understood by reference to
the fol |8WfThe neretegepsed amasc A hpict layakisrihemelegironeotisladda romeve thae

ACCOManyl el B 0d hEHLEeec o MO Sl nARTAP I PALELRELSI O by

| i ke nunerals: Cross-sectional view of "an exe

sem conddedseyd asedser ; Figs. 2A-2H illustrate, in cross-sectional view an
exenpl ary enbodi nent of the various steps of a damascene process; Fig. 3
illustrates, in cross-sectional view, an exenplary clectropolishing nozzle;

Fig. 4 is a flow cha i | LeRGG nmascene process, in
accordance with vari ?&%Sdeégggéﬁetgﬁg}ﬁg;ﬁﬁe pr eggﬁ invention; Figs. 5A-5H

illustrate, iThepresat BRehticiah beibewunderstbti®yiafersiee tnhedbn®nngof the

vari ous steps of a damascene process; Figs. 6A-6J illustrate, In

cr oss- seletaileh dpscpipEian talen ax eonprnctign snihdle Aesempanyinglsawingifigieessiteps of a
damasceng, . +o El ' t ' .ross-sectional view, an exenplary
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anot her exemdigrlyisendrosk-deetiénal ofewt dfen\eaemplasy sérgiesondiictar widerscene process,
Figs. 9A-9H il lustrate, in cross-sectional view, another exenplary
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of a darg%aglg;ne process;
Fig. 4 is a flow chart illustrating the steps of a damascene process, in
accordance with various embodiments of the present invention;
Figs. 5A-5H illustrate, in cross-sectional view, an alternative embodiment of
the various steps of a damascene process;
Figs. 6 A-6] illustrate, in cross-sectional view, an exemplary embodiment of
the various steps of a damascene process;
Fig. 7 illustrates, in cross-sectional view, an exemplary electropolishing
nozzle;
Figs. 8A-8] illustrate, in cross-sectional view, another exemplary embodiment
of the various steps of a damascene process;
Figs. 9A-9H illustrate, in cross-sectional view, another exemplary
embodiment of the various steps of a damascene process;
Figs. 10A-107 illustrate, in cross-sectional view, an alternative embodiment of
the various steps of a damascene process;
Figs. 11A-117 ittustrate, in cross-sectional view, another alternative
embodiment of the various steps of a damascene process;

Figs. 12A-12H illustrate, in cross-sectional view, another alternative

embodiment of the various steps of a damascene process.
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although some of the lines in layers 106, 108, and 110 do not connect to plugs in this
cross-section, these lines can have plugs connecting to them in other cross-sections.
Furthermore, as shown, lines can be wider than the plugs connected to them.
However, it should be recognized that, in some applications, lines may not necessarily
be wider than the plugs connected to them.

Furthermore, it should be recognized that although semiconductor wafer 100
is shown in Fig. 1 with five layers 104, 106, 108, 110, and 112 formed on substrate
102, semiconductor wafer 100 can include any number of layers formed on substrate
102. Moreover, it should be recognized that semiconductor wafer 100 can include
any number of gates, lines, and plugs within these layers.

In Figs. 2A-2H, cross-sectional views of a layer 202 are shown to illustrate
various steps of an exemplary damascene process used to form lines, such as lines 120
in section 124 of Fig. 1. More particularly, as will be described in greater detail
below, in a damascene process, canal-like trenches and via are formed in a dielectric
layer. The trenches and via are filled with a conducting material to form lines and
plugs, respectively. It should be noted, however, that the process shown in this
exemplary embodiment can be used to form gates or any other structure of

semiconductor device.
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Di el ect | R
A vor e 8, ¥Rhble oPRREAKITRL g Sflel fils A% b Sflafh JRLURNE A °)
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coating Siloxanes2.7-2.9Spin-on coating Oganic polynmers2. 3-2. 7Spi n-on
coating a-C F2.1-2.5CVD Si - O C2.4-2.8CVD Paryl enes/fluorinated 2.2-2. 6CVD

par yl enes Tabte {5 Blek et Vet oF TRl APHESH TeEfemed Deposiion
K Value Method(s)
Fluorinated silicate glass 3.2-3.6 CVD
Polyimides 3.0-3.5 Spin-on coating
Fluorinated polyimides 2.5-33 Spin-on coating
Hybrids/composites 2.8-3.0 Spin-on coating
Siloxanes ' 2.7-2.9 Spin-on coating
Organic polymers 2.3-2.7 Spin-on coating
a-C:F 2.1-2.5 CVD
Si-O-C 2.4-2.8 CVD
Parylenes/fluorinated 2.2-2.6 CVD
parylenes
- Table 1
Dielectric Material Approximate | Preferred Deposition
K Value Method(s)
Organic polymers 2.3-2.7 Spin-on coating
a-C:F 2.1-2.5 CVD
S1-0-C 2.4-2.8 CVD
Parylenes/fluorinated . 2.2-2.6 CVD
parylenes
PTFE 2.0 Spin-on coating
(Polyterafluoroethylene)
Nanoporous silica <2.0 Spin-on coating
Nanoporous organic <2.0 Spin-on coating
Table 2

It should be recognized, however, that dielectric layer 204 can include any materials
having K values less than that of silicon dioxide. Generally, low-K materials provide
better electrical isolation than silicon dioxide, thereby allowing the formation of
semiconductor devices with smaller feature sizes than those that can be formed using

silicon dioxide.
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second material in this or any other embodiment should not be viewed as being
limited to a particular orientation. For example, the first material can be deposited
below the first material if the materials are being formed on the bottom side of a
wafer.

After insulation layer 206 is deposited on top of dielectric layer 204, a
dielectric layer 208 can be deposited on top of insulation layer 206 by any convenient
method, such as CVD, PVD, ALD, a spin-on coating process followed by curing and
drying steps, and the like. Dielectric layer 208 can include various materials having
dielectric constant (K) values less than that of silicon dioxide, such as those listed in
Tables 1 and 2. It should be recognized, however, that dielectric layer 204 can
include any materials having X values less than about 4.0.

Referring now to Fig. 2B, recessed areas 210 and non-recessed areas 211 can
then be formed in dielectric layer 208 by any convenient method, such as by
lithography and etching, and the like. More particularly, the lithogréphy method used
can include UV lithography, deep UV lithography, x-ray lithography, electron
lithography, ion beam lithography, and the like. As shown, insulation layer 206 can
separate dielectric layer 204 from dielectric layer 208, and can therefore reduce the
amount of dielectric layer 204 etched away or otherwise damaged during a
lithography and etching process used to form the recessed areas 210 in dielectric layer
208. Moreover, insulation layer 206 can include anti-reflective properties that can
reduce the reflection of light or UV rays from insulation layer 206 and any layers
below that could interfere with a lithography and etching process used to form the

recessed areas 210 in dielectric layer 208.
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After barrier layer 212 is deposited on top of dielectric layer 208, a seed layer
214 can be deposited on top of barrier layer 212 by any convenient method, such as
CVD, PVD, ALD, a spin-on coating process followed by curing and drying steps, and
the like. Seed layer 214 can include the same material as subsequently formed metal
layer 216 (Fig. 2D), as will be described below, in order to facilitate the deposition
and bonding of metal layer 216 (Fig. 2D) onto barrier layer 212 or dielectric layer 208
if no barrier layer 212 is used. Accordingly, in the present embodiment, seed layer
214 preferably includes copper. It should be recognized, however, that seed layer 214
can be omitted in some applications. For example, when metal layer 216 (Fig. 2D) is
deposited by methods such as PVD, CVD, ALD, or a spin-on coating process
followed by curing and drying steps, seed layer 214 may not be necessary.

Next, with reference to Fig. 2D, metal layer 216 can be deposited onto seed
layer 214 (Fig. 2C) by any convenient method, such as electroplating, electroless
plating, PVD, CVD, ALD, a spin-on coating process followed by curing and drying
steps, and the like. As depicted, metal layer 216 can fill recessed areas 210 (Fig. 2C)

and cover non-recessed areas 211 (Fig. 2C). Additionally, metal layer 216 can



As will also be described below, netal |ayer 216 (Fig. 2D) is preferably
formed from copper. Accordingly, in the present enbodiment, barrier |ayer
212 can include material resistant to diffusion of coppe‘ra BAR h?(85

titani ur& tantalum tungsten, titaniumnitride, tantalumnitride,

tungst enYRZA%4®  tantalum silicon nitride, tungsten silYCBHSH2HBde, and
the like. It should be recogni zed, however, that barrier |layer 212 can be
omtted : 208 is
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| ayer if no barrier layer 2 i's used. Aceofdingly, in the present

enbodi neamuﬂeslaﬁmm APPARA PUST ANBIVIETHOD, iled ondppeary 151199Bohed be
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met hods 8%1&6?1 BB Bond¥Pof Al ngreréléehﬂa bfaﬁqé}qggle&m%&ﬁ%amﬁ%g owed by

curing and drying steps, seed |adyer may not necessar Wit h
referenc208 o Iiélbgme&ﬂ};yelr@ﬂ%lis usagiedurﬁigﬁhc a]ncﬂn@latmgjlsnotm cambe fmalﬁatedl ayer 214

Fig. 2 t, et tiopl trol es:
bl &t ng. CHOBrORE SRS SR REr O S BR Py B EEEA B Flhadi e oR R g and
drying gfe%ﬂﬁlsly%ﬂr)xéd‘@aduéﬂqﬁyer@l 20Q@RipedR et mBRl Blyet @V@ﬁn@éﬁa&@&aﬁed Il recessed

areas 21 and cover non-recessed aréas 211 § g.
Addi t i onsderdyayerdihlFigad(e), ifaned clomdiffussngwiHeadone in® 0@ e@aml@y@@& | S01/ 29173

i ckol . FOREGH RSO e ot SV o o Bodieiled SurRlay, T "

pl at i numiieldciic 1by‘@¢08lowamerll kgmlrﬁémléii@hhétkﬁxs Furthernore, it should be
recogni zed that netal |ayer 628 can include an alloy of any of the various

el ectrical |y domduihirefercnes ‘@rlflgl 2E, afier metal pryes a1t iscdepapiedraptenbodi nent ,
oAl | e 8ies OB TR AbloY ) HIES, 1 PRP R0 AR AoRS G LRH L gR! 2t ed onto
211 of dielectric layer 208 by any convenient method, such as electropolishing,
chemical-mechanical polishing (CMP), and the like. As shown, removing metal layer
216 from non-recessed areas 211 of dielectric layer 208 can include removing metal
layer 216 from non-recessed areas 211 of any intermediate layer, such as barrier layer
212 and the like, that are deposited on dielectric layer 208. Furthermore, as shown, in
the present embodiment, metal layer 216 is removed from non-recessed areas 211 of
dielectric layer 208 while maintaining the metal layer 216 within recessed areas 210
of dielectric layer 208.
In the present exemplary embodiment, metal layer 216 is preferably
electropolished from dielectric layer 208. For example, with reference to Fig. 3,
metal layer 216 on semiconductor wafer 100 can be electropolished with nozzle 300.
More particularly, nozzle 300 can apply an electrolyte stream 304 to metal layer 216.
This electrolyte stream 304 can be charged by an electrode 302. Furthermore, as
depicted, a power supply 306, which can operate at a constant current or constant
voltage mode, can apply opposing charges to electrode 302 and metal layer 216.

Accordingly, when electrolyte stream 304 is charged positively relative to metal layer



apparatus and nethod described in U S. Patent Application, Serial

09/ 232,864, entitled PLATI NG APPARATUS AND METHOD, flledlgnMégqgméy 15,
1999, the entire content of which is incorporated herein V& f nce.
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the el echioptalli &%%%ggéﬁw@aﬁfrpﬁ’égg&g})ﬁ B £ifral B cPoPE BYCAAMRL Yith OF med seed

| ayer 214 (Fig Ition SO note ove, a previously forned
barrier tmwaactrﬁlme geanpd3@ent netal |ayer 216 and an associated seed |ayer

214 (Fig. 20 f used, fro sing or ach n nto dielectric |ayer
208. However 1t #’?pﬁﬁﬁle&aﬁ’é’ﬂ%’ 8%’8 bjr]W}eegg‘e?Iﬁép ng‘lPﬁwtOﬂ%aﬁ?ﬂWrbe deposi t ed
di rect | Y2P@518n%\b$§i¥:ﬁ§>5{ &y}o?éf s%%coaaué%@rrw%hd)@wut ¥ BnOme

appl i cations referen e to Fig. 2E, after netal |layer 216 is
deposi t ettamskiting seiingloaductorwhiry @00 208g axnsﬂ(al By ayyingkfeatmiytt ktesvanbe r enoved

from non cessed, areas I el ectr | a 208 b ny canveni ent
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areas 21wafdr 16hstationaey redimmving mopele, 308 tie hpdy cloatroiyte stteaye304 812 and t he

i ke, de 03|ted ndi Ie ric 208. Furthernore, .as, shown, in
the. pr o< BRSO ELoHART 218y ot 3end S P BRGSO R I HEdEt oq ar eas
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recessed areas 210 dielectric layer In"the present exenplary
enbodi nepor,tlonmfahetlahlylmr 296 Hos apn@&drztaﬁb@/deswpmrr oflbiteipetistiingseeli el ectric

som CondLEt GRREABP RGN LS FUEN Eode rell el METHOTRS A 400, * hore
parti cul appUR AMZZ F@@Eﬁ%@kmmmmer@qmonwm@bmﬂmms oNetal |ayer

216. This electrolyte stream 304 can be charged by an el ectrode 302.

Furt her WSEMCQ@DIQ'I@ED& PEVIGESofilsd onlishtopry3b@00Ghivbishdsimcorperaedeinat a

const ant tcurreni} ol E esftant vol t age node, can apply opposing charges to

el ectrodé AG rlrré af F?f%‘? 216. Accordingly, when el ectrolyte stream 304

i s charged powith ré@rdndelgaini tv &1 @B Bécaksd dy@opSliMeh D 24rPSe oW atMAR 2005
PCTI USO / 29173 216, netal ions can be renoved fromithe portion of netal

| ayer 216Teshop drelagaric layer208; metal laser 2 b gandestleatropplished from dielectric

layer 208 without fracturing dielectric layer 208, separating metal layer 216 from
dielectric layer 208, or otherwise damaging dielectric layer 208, metal layer 216, or
barrier layer 212.

Accordingly, electropolishing can provide advantages over conventional
removal processes. In particular, polishing metal layer 216 from dielectric layer 208
with CMP can cause dielectric layer 208 to fracture or pull away from metal layer 216
due to the stress and pressure of CMP. Additionally, because electropolishing can be
essentially stressless, constructing additional structures within dielectric layer 208 to
increase the mechanical integrity of dielectric layer 208 may be unnecessary.
However, it should be recognized that the present invention can be used with a
dielectric layer 208 constructed with additional structures. Furthermore, it should also
be recognized that a portion of metal layer 216 can be removed by CMP, or by any
other process, before metal layer 216 is removed from non-recessed areas 211 of
dielectric layer 208 by electropolishing.

Referring now to Fig. 2F, after metal layer 216 is removed from non-recessed
areas 211 (Fig. 2E) of dielectric layer 208, barrier layer 212 can be removed from
non-recessed areas 211 (Fig. 2E) of dielectric layer 208 by any convenient method,



In the present exanple, electrolyte stream 304 can be applied to netal layer
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be unnecessary.. .Ho r,.it shoul d, be.recogni zed .t hat, the,present invention
can”be. ORRARIR R L pichid Ao pSats RS Burbatiboeuiard | ona
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metal | ayer 6 can be renoved by CVMP, or by any other process, before

met al | aseeordimgly, én thepaessnt sxeoplaipsmbedisespbdnstiatien layer 238 caginslusst ri ¢ | ayer
208 by electr l.i shing. Referfi .. now t.Q, Fig., 2F f.t.er tal layer 216 is
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barrier hayek sdiktdn@dfidbe renoved from non-recessed areas 211 (Fig. 2E) of

dielectric layer 208 by an¥ conveni ent nethod, 9 WD 02/ 23616
e above process lor forming layer 202 in the present embodiment can be

repeated to form additional layers on top of layer 202. For instance, with reference to
Fig. 2H, dielectric layer 220 can be formed on top of layer 202, as part of another
layer 222. Trenches and via can then be formed in dielectric layer 220 to form lines
and plugs, respectively, that can contact metal layer 216 in layer 202.

In addition, although the present embodiment is described in conjunction with
forming lines in a layer of a semiconductor wafer, it should be recognized that the
above explained process can also be used to form gates, via, or any other
semiconductor device structure. For instance, dielectric layer 204, as depicted in Figs.
2A-2H can be substituted with substrate 102 (Fig. 1), and recessed areas 210 can be
used to form gates.

With reference to Fig. 4, a flow chart illustrating an exemplary damascene
process is shown. In step 400, a dielectric layer is formed on a previously formed
layer or on the substrate of a semiconductor wafer. In step 402, émetal layer is
deposited on the dielectric layer. In step 404, the deposited metal layer is
electropolished from the dielectric layer.
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t 8 MAR 2005 PCT/USQO /29173 such as wet etching, dry chem cal etching, dry
pl asma etching, and the like. As noted above, however, i{n§sMAR 2005
applications, barrier layer 212 may not be used. After barrier |layer 212 is
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shoul d be rgcoégﬁ{ofe%rﬂat et hg above expDaSiéri)e‘d process can aFy’so ﬁe used to
f or m gateferencedq Fig. SEhy postb@ive 1geens 02 natuiod depodited aretoptafdodlentic laffer | nst ance,
di el ect r%ﬁ) | ayer 204, as depicted in Figs. 2A-2H can be substituted with
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W th referencgifQefddhcehowdo QWS ERAA BFI hrbietil@tlayBIs 8 epRhar y damascene
process is shown. In step 400, a dielectric layelf is formed on a previously

formed baagenlayar 207 frome dsldstialaye 208, andsenitbaatbue poteohdietactric layest ep 402, a
deposited qn the dielectri 404, .t he

(qg:)glsi ![ :%(?8;@%% |da1n§ %rsuflé as abrasion Or Corrosion, wﬁelll g%%%f lalygr flt R removed
by any convenient method, such as wet etching, dry chemical etching, dry plasma
etching, and the like. Additionally, with reference to Figs. SF-5H, protective layer
500 can remain on non-recessed areas 211 of dielectric layer 208 during various
stages following the removal of barrier layer 212. Accordingly, protective layer 500
can include a material that is resistant to damage from processes such as wet etching,
dry chemical etching, dry plasma etching, and the like, such as silicon carbide,
diamond film, silicon dioxide, and the like.

In Figs. 6A-67J, cross-sectional views of layers 600 and 602 are shown to
illustrate another exemplary damascene process used to form lines and via, such as
lines 120 and plugs 119 in section 126 of Fig. 1. As will be described below, in this
exemplary process, the dielectric layer of layer 602 includes a first sub-layer 612 and
a second sub-layer 616. '

With reference now to Fig. 6A, first sub-layer 612 can be formed on
previously formed layer 600 of a semiconductor wafer, which includes insulation

layer 610, lines 606, and an optional barrier layer 608 that can prevent the materials in

lines 606 from diffusing or leaching into dielectric layer 604. In particular, first sub-
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el ectropolished fromthe dielectric layer. 10 1 8 MAR 2005 WD 02/ 23616

PCT/ US01/ 29173 It should be recogni zed, however, that var i10&|sMAR)QP@5' cations
can be made to the process depicted in the flow chart. For exanple, the
step of WOMBZB4G a portion of the netal |ayer using CVP RAAUYa/28Hded

bet ween steps 402 and 404. Additionally, it should be recognized that each
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that, w hbwéﬁér,eth%@lehﬁicﬁ%jkr 604\ carinR Tk QR e AYRAViROR vahids RQs #RROSi ted on -
top of dielectric |ayer 208 by any conveni ent nethod, such as PVD, CVD, -

ALD, a spbout4dh coating process followed by curing and drying steps, and the
like. Simlar with reference.tq. Fig. 5H rotectiye layer 502 can be
deposited on h%gaed)fresgpg?@&ql?rge@ygme@f&erﬁf%ﬁ%-&ygrg%g 11%% @ Figs. 5E
and 5F, gféif‘i&fétyf%?ml:@l/a@(er ) iSRS RAAE Bt cRABE dositRY&T tog b fitst onB-di el ectric
| ayer 208, and can therefore protect dielectric layer 208 from danage, such

as abr aslayer 612 kpampeinyenienhdapobition prmcessagush @IV DsPYBDrdddY a ship-emy

conveni ent net hod, h wet. et chi,n ry chem cal etching, dry plasnma

et ohi no. Saniamecdss RlfewRt PingrRg S3pe Ho FRS Biroter ol s 2l o

prot ect i Wescrid¥@belowd thsGRfioh B4R H1 PEhn1ACndCR AR R 17 Ibfedivdi el ectric

| ayer 208 during various stages followi ng the renoval of barrier |ayer 212.

Accor di ngropertiss gné cesisfance 4y thognphy entetchiok maethedspauchrassiliconattrids r esi st ant

to danage fro rocesses ;suc S t .et.ching, ..dry .chem etching, dry
bl asma. et chi na ek AP IiEE 612 B fBhu AR B ot 65 HGS® G nGhbdt i
silicon gipxydesl e Hé’&ﬁbéﬂ%ﬂ-orﬂtﬁp bf BiSulafién Baler 6195p ameedniveriant Vi ews of

| ayers 600 and 602 are shown to 1l|ustrate another exeg‘gl ary danmascene

process @dipd enchaisy Y PnBY Dadd-Lsiagpinsercepagiag progeesfollog ed Ry cpimugandi 19 in
Secti o0 4Racled) o e R, SRR B R Bt ot BTG o1
and a sdidutristtnstany ) wlfies less than that of silicon dioxide, such as those listed in
Tables 1 and 2. It should be recognized, however, that second sub-layer 616 can
include any materials with K values less than about 4.0.
In the present embodiment, first sub-layer 612 and second sub-layer 616 are
formed from materials having similar dielectric constants. However, as will be
described later, first sub-layer 612 and second sub-layer 616 can be formed from
materials having different dielectric constants.
Referring now to Fig. 6B, trenches 618 can then be formed in second sub-
layer 616 by any convenient method, such as by lithography and etching, and the like.
More particularly, the lithography method used can be UV lithography, deep UV
lithography, x-ray lithography, electron lithography, ion beam lithography, and the
like. Asshown, insulation layer 614 can separate second sub-layer 616 from first sub-
layer 612, and can therefore reduce the amount of first sub-layer 612 etched away or
otherwise damaged during a lithography and etching process used to form trenches
618 1n second sub-layer 616. Moreover, insulation layer 614 can include anti-
reflective properties that can reduce the reflection of light or UV rays from insulation
layer 614 and any layers below that could interfere with a lithography and etching

process used to form the trenches 618 in second sub-layer 616.
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val ues | ess than that, of °Sciéi con ﬂr&bg)(i dﬁ s(gcth as those Iiit gd in Tables 1
and 2. 1PV EHSARFBLCRBREERT SEIE HERREEPIY ARG EICRIEE PRFCEUR A ™48 can

i ncl ude EYinTREtSubAAFer 61 2.NMordcvet 88sul #R% 1h3316 18R inctude antitefldtgiver esent
enbodi ment, first sub-layer 612 and second sub-layer 616 are forned from

mat er i alEopratichiatean edicedhetedeetiarcofdighs pabiVsraysgwm apulatien layer 6 19e
descri bed ,l at fins -layer 612 .and..second sub- r 61 be forned
from m g ral%gﬁgsyeﬁsa‘l?ﬁl%%’ ﬂ?]#? P ‘é@é?f Hicet lg%?}ll 035%?%%’ taggtejtsc;%}/n%&rg?er ? ﬁ‘ge%now to Fig.

6B, trenshesn 6iad20an firfienblie/et 612TEH shouls 6 @edghizbd tHadenichodlR day vady
conveni ent met hod, such as by lithography and etching, and the |like. More

par t i cul @0 g0 betfermad Wikl Ypipe isukgan Jawsd 624n be W1 ithography, deep W
Lithography, ¢ 8¥%:dsbiiRQGLARAY emBI BHELL Arbd §i2890 IR Wm PR AEATL! | t hography,

and the
layer 612, insulation layer 610 can be removed from the bottom of via 620 by any

convenient method, such as by wet etching, dry etching, and the like. Accordingly,
via 620 can connect with lines 606 in previously formed layer 600.

Next, with reference to Fig. 6C, adhesion layer 622 can be deposited onto
layer 602 by any convenient deposition method, such as CVD, PVD, ALD, a spin-on
coating process followed by curing and drying steps, and the like. As depicted,
adhesion layer 622 can line the walls of trenches 618 and via 620. Additionally,
adhesion layer 622 can include a material that can provide a smooth surface within
trenches 618 and via 620, especially if dielectric layers 616 and 612 are porous or if
the etching profile within trenches 618 and via 620 is rough. Furthermore, adhesion
layer 622 can be chosen of a material that can enhance the adhesion between the
dielectric layers 612, 616 and a subseqently formed barrier layer 624 (Fig. 6E), as will
be described below. Examples of materials that can provide a smooth surface and can
enhance adhesion between dielectric layers 612, 616 and a subsequently formed
barrier layer 624 (Fig. 6E) include silicon dioxide, tantalum oxide, titanium oxide,

tungsten oxide, silicon carbide, and the like. It should be recognized, however, that
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| i ke. As shown, insulation |ayer 614 can separate second sub-layer 616 from
first sub- layer 612, and can therefore reduce the anountq gf MaergSUb-l ayer
612 etched away or otherw se damaged during a |ithography and etching ‘
process WRE&H2I4 f orm trenches 618 in second sub-layer 6T NGB Er
insulation layer 614 can include anti- reflective properties that can reduce
the reflegtion,of Iiﬁ;@

t or rays from.nsulatign |ayer. 614.and any | ayers
bel ow 1 HateE g er feSrmpbomt St ARIARRYS s s R TG PR Ured 1 o
f or m t hebdtiveae the i ddrit TayeR6N2d 6 56/Bnd BarEer B¥&: 62U P8 ILaRddatd 62 MAR 2005
PCT/ US01/ 29173 In the present exenplary enbodi nent, after trenches 619 are

fornmed i theparismiar applicatiap epd wilh noi adyarsahyi affect theeerfomancgrefisee r eroved from
t he bottom.of ({u(:ﬁorrﬁhes 618 by any conveni ent nmethod, such as by wet
chi

et chi ng,Se 1{70 §''°&nd the like. Next, after insul ation layer 614 is

removed from Wieh Reta®teTFid 68 ahesadhdSion 134jeR 6828 &pbsiftd dnts 1Aper i n fir st
sub-l ayer 612 by any conveni ent nethod, such as by |ithography and

et chi n. - $0Zandheskan lay@eb22)0en be gemevasiurem the bativan bf viadgPdyARymet hod used can

be UV |ithoaraph dee lLi.t hoar.aphy. Xx-r »thqography, el ectron

[ ogr gy heCheadier sy r AR B ne e k" A BR o oRBERL | on 1 ayer
610 can &epiagakerdnhdviladhsdibn 131€622088mfthOBd iR o€ ¢1ard20 VARt tetho v, | i nes
606, and barrier layer 608 in previously forned | ayer 600, and can

e
t her ef or ¢dhesigndayer 32 Aioputhe vells@of iac@0ri ¢  material 604, fines 606, and

barrier |ayer,608_i.n evi ous red LLaver 600 ched or. ot herw se
danmoed du i nbea MPHSETARIS ke, b8 SR aPifin eer G000 Fono Pt ne™ 650" -
first subottoay ef vial20, bhatieodgdr, 624nst baldepoitedyato B4 d0arnbyi gl ude

anti-reflective properties that can reduce the reflection of light or W

rays frofAnvEBigPieddpepition yrathah suchyasd™ ARy PVBY & [feipinon §aNRGUPeEss nt er f er e

with a |} an Eiﬁlﬂi e 0 i iL.p first
sub- | ayeﬁoalg%a%&{l Kgﬁﬁgﬁg e %] %8}% %I%Zeg% lp%a?" Ststrhgwfghﬁ%%gygge 663/2?539620 can be
fon-ned aké higetheusilpdpfitikacheatol @rant aied206 14dditiohallynbarpieckgat 62dxanpl ary
enbodi ment, after via 620 are formed in first sub- layer 612, insulation

layer 6 moludss matendibitean f‘?dé‘ﬁ? thecampumt eﬁwéﬁlsxﬁn@ré%hw of gy convenient
1oL, Sl SLENIG D ERAR Lk i 501 0y 2
r ef er encéicleotrid lgyerd €1 6 anth6sl, whitlayarhae oo nhieradapetates e Buahdrmord,ayer 602 by
any ¢o nvl()a:?ririgrn i[aygre&%sciaglib% nfognet;[dhfrogﬁl asc%%guéitisve?n/géﬁaﬁYDhicﬁlégh aghesrg i[on- on
dielectric layers 616 and 612, adhesion layer 622, and metal layer 628 (Fig. 6F).
As will also be described below, metal layer 624 (Fig. 6F) preferably includes
copper. Accordingly, in the present embodiment, barrier layer 624 can include
material resistant to the diffusion of copper, such as titanium, tantalum, tungsten,
titanium-nitride, tantalum-nitride, tlmgsten-nitride, tantalum silicon nitride, tungsten
silicon nitride, and the like. It should be recognized, however, that barrier layer 624
can be omitted in some applications. For example, when dielectric layers 616 and 612
are formed from materials that are resistant to the diffusion of copper, or when the
diffusion of copper into dielectric layers 616 and 612 will not adversely affect the
performance of the semiconductor device, barrier layer 624 can be omitted.
In the present exemplary embodiment, after barrier layer 624 is deposited onto
layer 602, a seed layer 626 can be deposited on top of barrier layer 624 by any
convenient method, such as CVD, PVD, ALD, a spin-on coating process followed by
curing and drying steps, and the like. Seed layer 626 can include the same material as

subsequently formed metal layer 628 (Fig. 6F), as will be described below, m order to
facilitate the deposition and bonding of metal layer 628 (Fig. 6F) onto barrier layer
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coating process followed by curing and drying steps, and the like. As

depi cted, adhesion |layer 622 can |ine the walls of trench?§1Q@ﬁ%§m§%via
620. Additionally, adhesion |ayer 622 can include a nateri n
provide a snooth surface within trenches 618 and via 620, especially if
dielectric layers 616 and 612 are porous or if the etching profile wthin
trenche 1 | & ' RPNV ' 622 can be
chosen §?ﬁa&H§@g?ué%“@ﬁ%f*§%%8§ﬁ%§ﬁ%§ﬁ?ﬁg&§§H@?Wgﬁﬁﬁz &ggﬁkﬁﬁﬁérdielectric
| ayers @Ra,is fised. adorlipifg9e driprésent embedindeat, seellayar 26 pfeldrablyi g. 6E), as
will be described bel ow. Exanples of materjals that can provide a snooth
sur f ace 1B¢ladesLaPPEn AbsheBld heecgnized chawdisT.dhat|seed Jayer 628yvan be gmptteds 16 and a

subsequ ' i ' Y I.l.lseon di oxi de,
¢ ant al untovgePIFRflon? Bk bl EXGhaf gt Hver oBid BF) HUBRSUASST 04 the
li ke. | tmehods siches CY¥O)@VIDY, &d.D hospin-oh cohtiigd prodesd fdllovdR b3bin¥\éhd?2/ 23616
PCTI US01/ 29173 adhesion | ayer 622 can be omtted in sone applications, such
as when dymgstepsdmd helike, srodltyen 620 amay not Be pegessduyers 612, 616 and barri er
| ayer 624 (Fig.t6Eh, | th | lii catq and wi |l not
adversely af flg% f t ekeg%rr@ﬂ%ﬁgrr%{r%g%g%ne{%éﬁgg%%%%ﬁueﬁeggggg\ﬂ%goelﬁ /th reference

to Fig. 60 byanyeontdias methodastreh 26 2kcibpldtngHldcadlesnplating D, 18P0, adhesi on
| ayer 622 can he renoved fromthe bottom of via 620 by any conveni ent
met hod, AlPha n-gRicediinggppecse fallovag bysvgingiaad dryies staes, arbihs likeniAsot r opi ¢

et chi ng | Eﬁ’q b | wi t hout

r enovi ng@%%@gazlﬁg{)@ ‘%gzd I?ér‘on%htgﬁélélva sl£|§ O'v?%i&%%aiylﬂ}e%(eﬁl " h reference
to Fig. 6 cantichideadhions electtiealBrcondictive matenaleduth asedpper, alaiiings) of vi a 620,
barrier | ayer 624 can, be deposited onto | ayer 602 by any. convenient

deposi t iTFKehehFRIpium, ging, GRdmmyp, sibver gold, thodjurgpalladwoy pLADHE, BRocess
cep et . . SO
654 can oy it ihBEnE Rt B0 FRiEBmorR1E ol b KEomtRa3RR AN OF | V€T

bar ri er. 28yoan iftPetiecamrailoy of hnydef the watieus elécttidedly coaductived uméerialee anount of
di ffusion or |leaching of a

subsequent |y fornmed ta er. 628 (Fig. 6F),
as wi |l be de8dhs HEEFOhexSplay O%Hﬂéfrte%‘ﬁa%yPra@?g‘ralge%i%?%Wﬁl“gisz, whi ch can
have por, AT Ot [ : ' be forned
froma ccgﬁgiét i v@%ﬂcﬁgﬁte&ﬁﬁﬁﬁgmﬁﬁg}%ﬁ%gieeg(i)ﬂell ec E i gélh{a\s)a/aglgs 616 and

612, adhesthothdésasibed BA2S. Ratentrigipdicatiery Serig80.((%/22,8F) theAptingi | | al so be
described R&t F%nilB i Ahod B Sleaareit by Yereltabe. PAS REEE Bbdvel B d45SStion

- and bonding of metal layer 628 onto barrier layer 624, or onto adhesion layer 622 and

dielectric layers 616 and 612 if no barrier layer 624 is used, during the electroplating
process can be facilitated by a preﬁously formed seed layer 626 (Fig. 6E).
Additionally, as also noted above, a previously formed barrier layer 624 can reduce
the amount of diffusion or leaching of metal layer 628 and an associated seed layer
626 (Fig. 6E), if used, into dielectric layers 616 and 612. However, it should be
recognized that metal layer 628 can be deposited directly onto dielectric layers 616
and 612 in some applications.

Now with reference to Fig. 6G, after metal layer 628 is deposited onto layer
602, metal layer 628 can then be removed from the non-recessed areas of layer 602 by
any convenient method, such as electropolishing, chemical-mechanical polishing
(CMP), and the like. As shown, removing metal layer 628 from the non-recessed
areas of layer 602 can include removing metal layer 628 from non-recessed areas of
any intermediate layers, such as barrier layer 624 and the like, that are deposited on
dielectric layers 616 and 612. Furthermore, as shown, in the present embodiment,

metal layer 628 is removed from non-recessed areas of layer 602 while maintaining
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copper. Accordingly, in the present enbodi nent, barrier |ayer 624 can
include material resistant to the diffusion of copper, sug%%%?égzgﬁui um
tantal u _ en, titaniumnitride, tantalumnitride, ride,
t ant al uﬂ%wgggn nitride, tungsten silicon nitride, and P:C EPRET ¢ shoul d
be recogni zed, however, that barrier |ayer 624 can be omtted in sone

appl i cat ffaRSetalTer 858 Withen tHEHECEsEUPAEL ¢ bC HEANFEIS £bGi2B% Birg, GEF formed

frommaterials that are resistant to the diféusmn of copper, “or when the
di f f usi oof laferd®@per into dielectric layers 616 and 612 will not adversely

af fect the rformance of the sem,conductaor. device, barrier |ayer 624 can
be onitted. lloﬁ’ ﬁBreﬁF%tseé‘ﬁ?lpLaﬂéﬁﬂ%aﬂ@e@g%ﬁﬁﬂﬁ}‘ﬁr,ézgf‘% B‘ic?qf%m?’i er I>layer 624 is -
deposi t eéleetmr}ﬁnsﬁeayﬁam 60%r 682 SEETeatiftE, vAdlrefREhdR%0 @%g?hfe%ﬂ 188 top of '

barrier layer 624 by any convenient nethod, such as PVD, "ALD, a spi n-on
coati ng p2dcessnitaidusteedvatisr 100umanhg elavttopolished) wsthewezledid. tMMwel | ke. Seed

| ayer 626 can i ncl ude e sa mat er i as subsequently fao petal |ayer j
625 ( Fi ghBR ot piTOD G amay FRElBaNMs R Grornete Bradeh b ¢ he
deposi t i gRc@d1theRBBAL 94 @hn PBERdreb @Y in @%&r&d%' 2. FHheRhGePA depRied ayer 14 1

8 MAR 2005 624, or onto adhesion |ayer 622 and dielectric layers 616 and 612
i f no baapbwer duaylr7066¥hichscan opdrateAatcaorodstant oprrennort dvasianesdnge swidedi ment ,
seed | ayer 62 ref erabl i ngl ude pper. Lt sh d .be recogni,zed,
ovever St GRS r el SaTe hent atpalln e i ASEITEROF e For
exanpl e, oabed] ieREreAm 70 § 1S d(fdsitiveBeldive HERRE 18-r B3, i@iIhggscauch as
CVD, PVD, ALD, a spin-on coating process followed by curing and drying

st eps, abelrenmyed ifioe) the@edidrayfenet8PByersh28nn cotacteitie sleeirglytedaxam wi t h

r ef erencz 40 Fig. 6F, netal |ayer 628 can be deposited onto |layer 602 by
any conv § ‘ent nethod, such as electroplating, electroless plating, CVD,
PVD, ALD, a sPihBpaResi@xhmipl, Blcef8R%e sftfélainomctambefé?Fliétgto%ﬁQtaHWérng st eps,
and the like. As "depicted, netal l'ayer 628 can fi trenches 618 and via
620. Addf2§ alang b ypiralweti byl myating seagcandnctpnwkiedd 00 abowagiseY end ri cal | y
conductiye materials, .sych a r, al wmngu ni ckel hrom um zi nc,
cadn um VEHTREE Rt R 08 Eng Rt BY bphlindfp i eRe T on.

i ndi um  aodit Dpidal &h, dbtal RYEMEISsani e WhiBHhT dectiopeREH¥dZ edtcrddlveRRt al | ayer
628 can include an alloy of any of the various electrically conductive

mat er i al glectrolytesrepnd94 san by applicslrty negtiddencmeasd by helding seigiepndso®T pr ef er abl y

i ncl udes [ . nto.l i ng the
el ect ropWéfe?ﬁgga%Bg‘?%Y(é@@‘éi%?neén‘g‘fz%gmﬁégg?lg’eeé‘“’ffﬁ?%fe@r%?g% Appl i cati on,
Serial Ndiscif pdoZor3ast mdtildapirtoRBe Y et andtbéitaliefnatke e inslide egovixey wéthd herei n

by reference. As noted above, the deposition .
semiconductor wafer 100 and nozzle 700 to apply electrolyte stream 704 to discrete

portions of metai layer 628. For a more detailed description of electropolishing, see
U.S. Patent Application Serial No. 09/497,894, entitled METHODS AND
APPARATUS FOR ELECTROPOLISHING METAL INTERCONNECTIONS ON
SEMICONDUCTOR DEVICES, filed on February 4, 2000, which is incorporated in
its entirety herein by reference.

With reference again to Fig. 6G, because electropolishing can exert low stress
on layer 602 during electropolishing, metal layer 628 can be electropolished from
layer 602 without fracturing dielectric layers 616 and 612, separating metal layer 628
from dielectric layers 616 and 612, or otherwise damaging dielectric layers 616 and
612, metal layer 628, or barrier layer 624.

Accordingly, electropolishing can provide advantages over conventional
removal processes. In particular, polishing metal layer 628 from layer 602 with CMP
can cause dielectric layers 616 and 612 to fracture or pull away from metal layer 628
due to the stress and pressure of CMP. Additionally, because electropolishing can be
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and bonding of netal |ayer 628 onto barrier |layer 624, or onto adhesion
| ayer 622 and dielectric layers 616 and 612 if no barrleq BaMRR

used, during the electroplating process can be facilita reV|oust
for rred gvé%?iz%z'%fer 626 (Fig. 6E). Additionally, as also h@?@ﬁ@%&%

previously forned barrier |ayer 624 can reduce the anmount of dlffu5|on or

| eachi ”ges%xgliﬁgﬁr%{reés?ééﬁrcoﬁ&?u&@g gﬁ&‘ingﬁ%%gh@t&geg wifh i la%;@ 61519. 66), if

used, into ectric layers wever, 1t s recogni zed
t hat net ald 6RtennG2Secmnmbehalépbmtdgedy df dieketiric layﬁmGdﬂS mhdaﬁl?rmay bayers 616
and 612 in sone applicati.ons. w W th re erencetoF .. 6G,_after netal

| ayer 62800 TTEYCHAL O recemazed hatdhe prgsent igveation fan hedisede rermpved
from t he,RQnLdI&ERS B s%rlgaaﬁd%fl'?lc@ﬂs@ﬁc@@%v@i’addﬁ%ﬁaf&ﬁi’&?ﬁ’e?m met hod, such as

el ectropol1shing, cheni cal-nechanical polishing and the |ike. As
shown, rEmtﬂwmgregmshbquiaywrbeﬁﬁeogmmmthma pootion eorets bidyerar28aan bé | ayer 602

can include r V. net al er 628 m non- ece ed ar eas any
"t er necicHayeR g‘y)é@g %eryr@né{so PrPeEPS: tbaﬁé? Me8l [a3REOTHS FPRRES %t are
deposi t eg33 _rgéégg&cgrgdscofll@é%gz@%gleg RohdilmeFur thernore, as shown, in the

present enbodi nent | ayer 'S rermged from non-recessed areas of
| ayer 602 whi Refertngaw to Fig. 68, mmﬂdté’laﬁﬂfﬁ 628 idkR o0 FromPEE nbisOl / 29173 t he

net al er %8 W trté]@n tqu geces eas é ench 618 and via 620 of
T o> o edhesef ok oflgher By e Daa pb et £t o & | ayer
628 is pﬁx‘%ﬁ@éﬁ%éf 609 'b%&%@ﬁ%éxﬁé?ﬁﬂn%d&”&ﬂcﬁ% Rave@@%hld:goﬂr}ﬁéiﬁﬁi?éa? W th

reference to FIQg. 7, | ayer on sem conductor ‘wafer 100 can be
cl ect ropctbhmﬁsttywlztsmarﬂmng aﬂd@hellﬂtﬂeks maed atmveadwevenor soree 700 can apply an

el ectrol stre 704 to net al 8. This electrolyte stream 704 can
be char g%‘?}ﬁﬁﬁl‘ﬁﬁag] Eﬂaﬁﬁre@()‘i‘ay?‘%)r&eﬁ‘é?%ore as depicted, a power supply
706, whi ch Caﬁﬂ‘épﬁirﬁhel ?&r 624G9 R&h&d ﬁrith'i@f@fen@é tocﬂ?55PMSuMﬁbﬁ pger mode, can
apply opposing charges to el ectrode 702 and netal [ayér 628. Accordingly,

when . epEeandieydepositadambe lpyer 62 h}h@trygmvgosnttd:ep@won plogedsysaches met al | ayer
cont act Gi'Th TORcT: § S SPREA s DR oh R adufe B afre N a8 ol v e
stream 74 1ikan AR&haRia] inSelatiéh 19ER430! A 8parkie 1aﬁ_3yeals@zlﬁoﬁ1 A1y 1agdrs hat h by
rotati ngmilg rl?e ((:lggcgjslljtg}l ((:))L tg\}? I)fe l;yeerG%Za%léEtlo?l);lll}i 1rTsu?z?tlon layer 630 can include

anti-reflective properties that can reduce the reflection of light or UV rays from

insulation layer 630 and any layers below that could interfere with a lithography and

etching process performed on any layers deposited above layer 602. Moreover,

insulation layer 630 can reduce the amount of materials in layer 602 etched away or

otherwise damaged during lithography and etching processes that may be performed

on layers deposited above layer 602. Accordingly, in the present exemplary

embodiment, insulation layer 630 can include materials that are anti-reflective and

resistant to lithography and etching methods, such as silicon nitride.

The above process for forming layer 602 in the present embodiment can be

repeated to form additional layers on top of layer 602. For instance, with reference to

Fig. 6], a first sub-layer 632, an insulation layer 634, and a second sub-layer 636 can

be formed on top of layer 602 to form another layer 638. Trenches and via can then

be formed in layer 638 to form lines and plugs, respectively, that can contact metal

layer 628 in layer 602.

In Figs. 8A-8J, another exemplary embodiment of the present invention is
shown. The embodiment of Figs. 8A-8] is similar in many respects to that of Figs.

6A-6J, except that, with reference to Fig. 8A, the dielectric layer of interconnection
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transl ati ng sem conductor wafer 100 along axis X. By applying electrolyte

stream 704 in a spiral path, netal |ayer 628 can be uni fPﬁ"MXR 00
el ectropolished. Alternatively, electrolyte stream 704 ca a%g?i ed to
netal | S(Y@PZ/B-”EB“ by hol di ng seni conductor wafer 100 st at PSAAFYVaHd3 novi ng

nozzle 700 to apply electrolyte stream 704 to discrete portions of netal

| ayer 62 . e e ' n.J.ncl ude omvg t senm _conduct or
wator 10055 HBB0RE F b pl PR S0 Ees LRGBS TNl aR I e

por ti ons didflectd dhstaaty €K ).6BBthe podsedt eiiiodileitaad dpicdabririips.isansnf

el ectropol i shing, see AILTIJ" S. P%%éant ,té\ppl icati On{lgﬁ iilq%l {\/%%A 03/ 497, 894,

ent i t | ed INEPRRISSIOMNINes ApEnghss 08 reriEmed ireysopd syi-fasenfizaang RIBRCONNECT] ONS
ON SEM Y] jal ebruary 4, 2000, which is incorporated’
in its gr?glir ty ere?%%ﬂfrsel#zasgﬁ%bef Wth reference again to Fig. 6G

because el ect Agisctisshil ABowRAs faRirt sikOW dekfeassl, tiendehsiyeof Dl2cahinedtivn
el ectropolishing, netal |ayer 628 can be el ectropolished from |ayer 602 :
wi t hout Hipgcingreasss, wiish san Fasult pyiperegseguptesgoanect selaye p Althongiytheet al | ayer 628

¢ di elootsi b ! . e
616 and Y f LGS A Gie e Bhn B ML SrUBORY RGBS © T avers
el ect r opalsb $durétges; &rlops avt idlereast v nhpigiasAvederein v € tHel ipteedonnéctizay al

processes. In particular, polishing netal |ayer 628 fromlayer 602 with CWwW
can caus&Dgfi el ectric | ayers 616 and 612 to fracture or pull away from netal

| ayer 628 du t : i £l I ecause

el ectropol i sh?ﬁéggéﬁﬁﬁggstea%?gvm%%%%%ﬁﬁge%l%édng%S&WZ9173

essent i akiligoms tiorkls lcas be usainstredict iimtgreatnkict delagd. Kowesar umeisriuls tiibn di el ectric
| ayers 616 and 612 to increase the nechanical integrity of dielectric

| ayers 6i®verkdvalues alsg/have loweonedenicyl injqgiiy dan materagbyyith higber Bcogni zed t hat
the presegpfed Nvention can be used wth dielectric layers 616 and 612
constructed with additional structures. Furthernore, it should al so be
recogni zed t hais sactpan thegmeseht erebalimknty Srst 6@81:5@n8Wkincheaomattriay CMP, or by

any other process, before netal |ayer 6 is, removed from the non-recessed
areas of 519\&9%@%5@%89{%9 @@Prssmdis ﬁﬁ%@.r%&‘éf Thes et BT ﬁP@?@a‘Weaﬂ er

metal | ayehid 3R chid A TRYSS @ BHE RRncHBGARSH foineasrdh ¥y 602,
barrier Nayer 624 can be rénoved fromthe non-recessed areas of |ayer 602

by any cbavegitesemeet hovr K vehe dmnwecorst suhilaygr 8602y Ic thisvingarer, the

overall mechanical and thermal conductivity of the semiconductor wafer and,

* consequently, the number of layers that can be formed on the semiconductor wafer
can be increased.

In the present embodiment, first sub-layer 800 can include a material having
an ultra-low dielectric constant, and second sub-layer 802 can include a material
having a low dielectric constant. For example, first sub-layer 800 can include a
material with a dielectric constant of greater than about 2.5 and less than about 4.0,
such as those materials listed in Table 1. Second sub-layer 802 can include a material
with a dielectric constant of between about 1.1 and about 2.5, and preferably about
1.8, such as those materials list in Table 2.

In an alternative embodiment, first sub-layer 800 can include silicon dioxide,
and second sub-layer 802 can include a material having a dielectric constant lower
than silicon dioxide. For example, second sub-layer 802 can include any of the
materials listed in Tables 1 and 2 that have dielectric constants lower than silicon
dioxide. It should be recognized, however, that first sub-layer 800 and second sub-

layer 802 can include various materials depending on the particular application.
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etching, dry plasma etching, and the like. As noted above, however, in sone
applications, barrier |ayer 624 may not be used. After bar1r' ﬁ%&fm 624 is
renoved, with reference to Fig. 61, insulation |layer 630 ca @)osi ted

ont o | aygy0834PY any convenient deposition process, such-fgsef¥p; PVD, ALD,
a spin-on coating process followed by curing and drying s?eps, anc? t he

| i ke. As shown, insulation |ayer 630 can separate |ayer 602 from any | ayers

that may be Alegasib&aivel @B abBévd pry&®ks B dorniidilhy288d iy iheipA&ahtat i on | ayer
630 can include anti-reflective properties that can reduce the reflection

of | i ghtengpodunentpps be renpatedrie forax addrional leers 2o tap @f kiygr 6/ dfos bel ow t hat
could interfere.with a |lithqog | h n r.Ocess rnformed on any
| ayers gliel%%%cletvevgwar%o{/eem ?ﬁ/glt"' Egg%i}%rﬂgéa ee%,%m’ilﬁgﬁfnéq 8?4""?%%?%“6”30 can reduce

t he anougetordf suBBhRri8B6Tah Be fevned 0BAdp 6f BhactbBwaofth ansthBicayérgeg damaged
during lithography and etching processes that nay be perforned on |ayers
deposi t ebrenghsy and Hipcan dlagn beNospediindayey 638 o feim bresswdplugsenpl ary

enbodi nent . i.nsul.ation |ayer 630 can,Lnclude materials that are

anti - r orrasetOa A P cofbElmPallas AR %G et ohing methods, such as
silicon nitrigegigsloa-gloNR v etafslalydmbcdimkmd f thY pres€fl InveRtibhR present.
enbodi nent can be repeated to formadditional |ayers on top of |ayer 602.
For i nst¥ewe, Thetembodinaerd of E1gs09A#Hyis seuilardn manyirespgptisitehet oBgs. an

i nsul atigpn er , | av . be |f.qr n top of

| ayer 60 ts!c[f 8?pr¥$§%b‘fvﬁgget?r a@gﬁﬁcggggg %Efraélﬁc ésagggsdgrgﬁgerc%nz 1? Renbe formed in

| ayer 638s i@cfibsdatoveesihasion dyd0622 daadpashitiee ity soth® applicatiorspfichaas net al
| ayer 628 in |ayer 602. In Fitg;._ 8A-8J, anot her exenpl ar% enbodi ment of the
present Vheeditachbadhesiondigbiigen thindiclegtsisdayes e ofirsEpyslaygid@rorisecagidni | ar i n

many res - Rl gs. - | : to Fig.
5"t ho Gt 0P A b e tef cos M aanatFRSRE pheilps MR BIATAR 5005
PCT/ USQl ot 9dvessdlny fect GRZpérfrratdasofahd sensitosdiletdraleeice800 and a second

sub-1layer 802 that have different _dielectric constants (K). In the present
enbodi nent, a8 thefaliopdng descrptien anglasgopiateq draRning AgaLes: GHOMS nes (trenches

618) ar eyALRY o BoFRRAN M d@YRicaS08 BRI OBuId I Robgpaar © Formed [

first sub-layer di scussed above, etreased, the
densi ty lofwdvat, diat drese alteroativd émigsliments aeaes inteddedhto damongsd 41l ofithencr eased
Inter Con\pa%%hs gn%ldﬁ%/c%t'ioff\sl t gto cua%%etn?%e to the present invention. Rather, these
alternative embodiments are provided to demonstrate only some the many
modifications that are possible without deviating from the spirit and/or scope of the
present invention.
In Figs. 10A-10J, an alternative embodiment of the present invention is
shown. The embodiment of Figs. 10A-10J is similar in many respects to that of Figs.
6A-6], except that, with reference to Fig. 10A, protective layer 1000 can be deposited
on top of second sub-layer 616 by any convenient method, such as PVD, CVD, ALD,
a spin-on coating process followed by curing and drying steps, and the like.
Similarly, with reference to Fig. 10J, protective layer 1002 can be deposited on top of
dielectric layer 636.
With reference now to Figs. 10G and 10H, protective layer 1000 can separate
barrier layer 624 from second sub-layer 616, and can therefore protect second sub-
layer 616 from damage, such as abrasion or corrosion, when barrier layer 624 is
removed by any convenient method, such as wet etching, dry chemical etching, dry
plasma etching, and the like. Additionally, with reference to Figs. 10H-10J,

protective layer 1000 can remain on the non-recessed areas of second sub-layer 616

-during various stages following the removal of barrier layer 624. Accordingly,
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density of the plugs, which connect interconnection |lines of different
| ayers together, also increases, it does not increase asL@aM (ﬁl s the
density of the interconnection |lines. As also discussed 0 é\ erials

havi ng MQ@%231&| ectric constants K than silicon di oxi dPCHPSHEded to
reduce interconnect delays. However, materials with |ower K values also

h | : .
have | OUURELRYLE Pbod ALSALLY. HRTBLP AL LIS s, Ao
havi ng highes wt erhiigs dtytmnaen@fuﬁngubry ;ﬂysana 8eBing Iimdsthe flike Sducls tb- | ayer 800

can have . greater nechanical integrity a ther mal conductivity than if
f or med f?@ﬁ‘?‘h%?tﬂélﬁlﬁaﬂlmﬁa@ifﬁ@ *’tlh"é)r’scgﬁ’éldér ik val ue than second sub-1| ayer

802, Inthis gpaperyAher yseell. ﬁ@%ﬂib%ﬁrﬁglﬂng)efiﬂréﬁrg?egt/gl&s Vi Ly of the

sem conduct or er an conseque t he can be

f ormed oshdwie Bmml&mﬁmehmfﬂgé @1 A-rldris bienilan g fARE eespedts tdmaamf&agmt .
enbodi nent, first sub-layer 800 can include a material havin an ultra-low-

di el ect r BA-Hoprsentihat, arth T§@é‘%ﬂ?€ ta fiig IlééermWéé%Yef hBOQuepm be ?@Feldal havi ng

a | ow di h Ogvga clude a
mat eri al ShFoprf'sg%;ﬁ] n%%?%eg S?gr]? % gre é#?aérl\la%sbc}/]? ’l ess than
about 4. 8spinsmcivatisg phess fﬁHbﬁéd aySuﬂm§mﬁkﬂnyfnoT:aé}Jseadd thSékend sub | ayer 802

can include a material w't ielectri¢c constant of between about 1.1 and
about 2. Bumilamly, prigretesgncy t%\EkﬁJtl” 9r<§e°t§faéweas109%6§éb%msﬁ%ﬁ%ntopsqf in Table

2. 1In a”s&hﬁ(ﬂ%afag&%@dmom ment, first sub-layer 800 can include silicon
di oxi de and sec sub- | ayer 802 can include a material having a

di el ectri c coMattareferenwwatow totaigs.dillG andri 1d, @xmtdmvﬁayerdﬁaﬁphmsepaﬂmand
sub-layeé 802 can_include a y f thgogrraterl s Jisted in Tabl | and 2

that havBEFelye 624:rey se¢ 11%909@ R capthergiore progset sreond gu houl d be
recogni zgger mvxf&ﬁrdmﬁa@etsuth 5§£br§éi9n bRYFosRA0 WA baffe n%eﬁ Wby il ayer 802 can

include various materi als depending on the particular application. 18 1 8
MAR ZOOSrMWQbQ%&@oﬂ@ﬁA&nswmﬂllmhm veit stohiilgs driptienacaltebehinghdipe  pr ocess

o orm g ayer S92, LR whe ergeent, SAvotLIER! San, NppReated Lo Torm
8J, a fi fn%rteoﬁu@ tdyay @oo@% reinAftdrAtht 98n rédé8dedO3das FREcGAd s‘ﬁEQQﬁ:E' ggab- 1 ayer 806
can be fornmed on“top of |ayer 603 to form another |ayer .

during various stages following the removal of barrier layer 624. AccordmOIy,

protective layer 1000 can include a material that is resistant to damage from processes

such as wet etching, dry chemical etching, dry plasma etching, and the like, such as

silicon carbide, diamond film, silicon dioxide, and the like.

In Figs. 12A-12H, yet another alternative embodiment of the present invention

is shown. The embodiment of Figs. 12A-12H is similar in many respects to that of

Figs. 9A-9H, except that with reference to Fig. 12A, protective layer 1000 can be

deposited on top of second sub-layer 802 by any convenient method, such as PVD,

CVD, ALD, a spin-on coating process followed by curing and drying steps, and the

like. Similarly, with reference to Fig. 12H, protective layer 1002 can be deposited on

top of second sub-layer 806.

With reference now to Figs. 12E and 12F, protective layer 1000 can separate

barrier layer 624 from second sub-layer 802, and can therefore protect second sub-

layer 802 from damage, such as abrasion or corrosion, when barrier layer 624 is

removed by any convenient method, such as wet etching, dry chemical etching, dry

plasma etching, and the like. Additionally, with reference to Figs. 12F-12H,

protective layer 1000 can remain on the non-recessed areas of second sub-layer 802

during various stages following the removal of barrier layer 624. Accordingly,
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Trenches and via can then be forned in |ayer 638 to forn1|'@eﬁ ﬁgﬂgglugs,
respectively, that can contact netal |ayer 628 in |ayer 602. A . 9A- 9H,
anot her exenpl ary enbodi nent of the present invention is .. The
enbodin@ﬁ{m%$6¢igs. 9A-9H is sinmilar in many respects toP?ﬁggM@?rEigs.
8A-8J, except that, with reference to Figs. 8C and 9C, adhesion |layer 622 is
om tt ed'proé@ti@qﬁg# H)%@ c\?\ﬁﬂl\éﬁgle qﬂ@t@ﬁ%ﬁhéﬂﬁy Blsisbat t&@'ﬂn%% iﬁfﬂl Plto%gss;lsén some
appl i cat’ions, su as en di rect adhesi on between tHe diefectric | ayer
(i.e., fsuwhts wabetthivgrdr§@hernicalkbacing drg pkashaytrhi®f) 2)d drdikeasuchas | ayer 624
is adequate for .the. partjcular. application ang will not adversely affect
the per fBRGPRFRDIS, @w@ﬁ%aﬂw&&ﬁw@m@@eq -the follow ng description
and associ ate i I QI E : ' ¥ ' ts will be
descri bed andg%@%§%$§%P&#§Hg oﬂ?ﬁﬁggg#%ggg%%@%@?hﬁﬁgﬂggggﬁkt gt t hese

al t er nat émteodantaasl examipsesaarel applicdtiohernteil be aplewarn sd thateskalidd infthd ¢ vari ous
nmodi fications that can be de to the present jnventiaqn. Rather, these

al t er nat %Vﬁ@ﬁ%m%ﬁf?@g%%%ﬁa%ea@&ﬁm? TH@%WE%?‘&@@P%HP%fYQBIﬁEGt he many

modi fi cafi gt hat are possible w thout deviating fromthe spirit and/or
scope of the present invention. In Figs. | OA-10J, an alternative enbodi nent
of the present invention is shown. The enbodinent of Figs. | OA-l QJ is
simlar in many respects to that of Figs. 6A-6J, except that, with
reference to Fig. | QA protective |ayer 1000 can be deposited on top of
second sub-layer 616 by any conveni ent nethod, such as PVD, CVD, ALD, a

spi n-on coating process followed by curing and drying steps, and the |iKke.
Simlarly, with reference to Fig. | QJ, protective |ayer 1002 can be
deposited on top of dielectric |ayer 636. Wth reference nowto Figs. I OG
and | OH, protective |ayer 1000 can separate barrier |ayer 624 from second
sub-l ayer 616, and can therefore protect second sub- |ayer 616 from damage,
such as abrasion or corrosion, when barrier layer 624 is renoved by any
conveni ent method, such as wet etching, dry chemi cal etching, dry plasna
etching, and the like. Additionally, wth reference to Figs. | OH 10J,
protective |layer 1000 can remain on the non-recessed areas of second

sub-layer 616 during various stages follow ng the renoval of barrier |ayer
624. Accordingly, 19 WD 02/23616 1 8 MAR 2005 PCT/ US01/ 29173
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protective |ayer 1000 can include a material that is resistant to damage
fromprocesses such as wet etching, dry chem cal etching, .d p%%gna
etching, and the like, such as silicon carbide, dianond *ﬁl&%qu con

di oxi de like. In Figs. 11A-1 1J, another alternaji i ment of
t he preggﬁpg%%ggntion is shown. The enbodi nent of Figs.%%?ﬁ@%ﬁgpﬁg simlar
in many respects to that of Figs. 8A-8J, except that, with reference to
Fig. 11A, protective |ayer 1000 cagrhevdeposited on top of second sub-I|ayer
802 by any conveni ent nethod, such as PVD, CVD, ALD, a spin-on coating
process f@ghinggwed by curing and drying steps, and the like. Simlarly, with
reference to Fig. 11 J, protective |layer 1002 can be deposited on top of
second sub-1layer 806. Wth reference nowto Figs. 11G and 11H, protective

| ayer 1000 can separa barrjer |ayer .624 from second .sub-layer 802, and i
can ther ToreEﬂP§58€f%§§E%W%agﬁﬁ“”ﬁévﬁpc °PF3W%H§HEBE?“§U;h as abrasion or
corrosion, WhggRAY Ldicleati8NayR2 WheSein TR MYRAIRa AR InGRBLEMIEY] Mt hod, such
as wet etching, dry chemcal etching, dry plasna etching, and the |ike.

Addi t i onbdvigg awiw Hielestis emsento Figs. ii H 11J, protective layer 1000 can

remain on the.non-recessed areas of second suhb:-|ayer. 802 during various
stages foll omf%lqgr]’éec?%ﬁ‘g n%?reﬁ%ﬁs?(?%rreaff I;NBF labe’ieﬁn%]@%ﬁ;di ngl y, ] protective

llayer 1000 cafepddfiingdemeatalBi& dntthe HitfcidSlal&Sto HIARE rd@sHamRaAS ahaom processes
such as wet etching, dry chem cal etching, dry plasma etching, ‘and the |ike,

such as caier thegoneraegrsetbareali; ambnd film silicon dioxide, and the like. In

Figs. 12A-12H, yet t her alternative enbodi t. of the.present invention
s shown. ThelehBamTiTang T et Vs sSmayy e el Iper Rt §2 Pelpect s o
that of recbdied ahs While Biee@RhineBd mtdl Mhyefiethe PéRsded akda8. 12A, protective

| ayer 1000 can be deposited on top of second sub-layer 802 by any

conveni ent nethod, such as PVD, CVD, ALD, a spin-on coating process

fol |l owed, by cyting..a ing.steps,, and the .like. Sim|arl Wt h

et erench 1o £rg B oI nae pROER e pelabferds i Talisrtiidont’ Lop o
second spdrtibay 6f th8 WaferMiitibut eiiyiap tRefabrdse. Fi gs. 12E and 12F, protective
| ayer 1000 can separate barrier layer 624 from second sub-layer 802, and

can therefore protect second sub- | ayer 802 from danage, such as abrasion or

i op, wh ' 24 . | ' hod, h
s wet. eteni ngoe AP AREY. wigfi Soh R P el gAY T2 T =1

Addi ti onal | y, dgpdshingef Sisesbeai@; ids. 12F-12H, protective | ayer 1000 can
remai n on the non-recessed areas of second sub-layer 802 durjng various
stages fol | owdPRPSHtWE & waobIbdayes onthe first sylatayen whergin thegiepgfidsud-

layer is formed from a material having a lower dielectric constant than the first sub-

layer.

4, The method of claim 3, wherein forming recessed areas includes:
forming trenches for interconnection lines in the second sub-layer; and

forming via for plugs in the first sub-layer.

5. The method of claim 3 further comprising:
depositing an insulation layer on the first sub-layer before depositing the

second sub-layer.
6. The method of claim 3, wherein the first sub-layer includes silicon dioxide and

the second sub-layer includes a material having a dielectric constant lower than that of

silicon dioxide.
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20 1 8 MAR 2005 WO 02/23616 PCTI USOL/ 29173 protective |layer 1000 can include
a material that is resistant to damage from processes suchgamARe}(gst chi ng,
dry chem cal etching, dry plasma etching, and the like, such as silicon

car bi de VRPHMSHY film silicon dioxide, and the like. Al PREIGAVINE present

i nvention has been described with respect to certain enbodi nents, exanples,

and_appl 4 cat | ‘?ﬂéme{htod"éﬁf'c%ixﬁ% ARBRLPRE A& shg-g%\%r ?x}r‘]cil)%dteggneétéhél &iagh that

various nodifications and changes naybe na parting fromthe

i nvent i olow ditlettris chddiRaC8 (B30 ?aH1BySRGH¢IUESIh AT haClngy ddSiltra-bdvai m 1. A
met hod ngi' {orm’ ng a | ayer of a sem conductor wafer conprising: depositing a
di el ect rPEleFEFEONStA M er ei n the diel ectric layer includes material having a

| ow dielectric constant; form ng recessed and non-recessed areas in the
dielectric layer; depositing a nmetal layer on the dielectric layer to fill

t he rece8sed @hemstlmdadf clhou8r whheimthe-maegs of thedirebsib-layet tek ect r opol i shi ng

the netal. | ayer to renove the netal_ |ayer covering the non- recessed areas
whil e o lﬁ{eé icrc?ﬁs@‘PfegTF?é?réflaqw2i5ﬁ@ﬂ§sﬁ%@e§’§’éﬂ2§r eas. 2. The nethod of

claiml, wherein the netal layer is renoved discretely from portions of the
waf er without applying lateral stress. 3. The nethod of claiml, wherein
deposi ti%g t h€hglinethedtof ickith 8y eherencthedesterial dé hesetomigsub-1ayerdtas sub- | ayer; and

deposi ti a _second syh-|ayer.on the firs ub-1 ayer, wherein the second
sub- | ay@FleFTIcopsagt qli?’(‘?ﬂ’(%nﬁa?‘étrli'gﬁn‘;w%}?ﬂ“&@%a | oner dielectric constant than
the first sub- layer. 4. The nethod of claim 3, wherein formng recessed

areas includes: formng trenches for interconnection lines in the second
sub- | ayelQ. andihe fethoidred claim 3f whepints niateridl of fhiersscomsidubtlayahas 8. The net hod

of clal ngli‘éleggctc%ggtagtoo%gb§tl g

11.  The method of claim 1 further comprising:

depositing a barrier layer between the dielectric layer and the metal layer.
12.  The method of claim 11, wherein the metal layer includes copper.

13.  The method of claim 11 further comprising:
removing the barrier layer from the non-recessed areas after electropolishing

the metal layer.

14.  The method of claim 1 further comprising:

depositing an adhesion layer between the dielectric layer and the metal layer.

15.  The method of claim 1 further comprising:
removing a portion of the metal layer using chemical-mechanical polishing

prior to electropolishing the metal layer.

16. A method of forming a layer on a semiconductor wafer comprising:
depositing a dielectric layer having a dielectric constant less than that of
silicon dioxide;

forming recessed and non-recessed areas in the dielectric layer;



depositing an insulation |ayer on the first sub-layer before depositing the
second sub-layer. 6. The nethod of claim 3, wherein the fi r@tMmJQgﬁﬁayer

i ncludes_silicon dioxide and the second sub-layer includes nagerlal

havi ng a¥v8i%P¥dfric constant lower than that of silicon Pdﬁé@?‘)d@.”iz 1 8 MAR
2005 WO 02/ 23616 PCT[USO01/29173 7. The nethod of claim 3, wherein the first

sub-layer i nClies IR £lciaflayaN £ ok rol QUM ELEFHTh GSABSEARAR the second

sub- 1l ayer includes terial "having an ultra- ric constant. 3. The
nmet hod ofaraakai m 3, wherein the material of the first sub-layer has a

dielectric constant greater than about 2.5 and | ess than abqut 4.0. 9. The
method of ol aitlioBoPolRLME the meihl aeeia wmoy thtmeel Barceoserng dfdrthas a

diel ectr if&eg%-%@a@t‘”imc"“p@??%ﬁg})‘?Q?E&T%S " @Q%%g_wer_z 5. 10. The nethod of

claim 3, wherein the mat e second s I"ayer has a dielectric
constant of about 1.8. 11. The nethod of claim 1 further conprising:

deposi ti a rrie ayer. b en the dielectric | ayer and the netal Iayer.'-
12. The Hgt hogﬁﬁf‘n?ﬁ%d?ﬁyciﬁmféxﬂ ?}I’E‘P@“ﬂéfe&F’SSF’g%eﬁsl‘W&‘}%ﬁes copper. 13. The

net hod of cl aifB‘Pxﬂii‘lgfrr'féﬁéﬂég'f?ﬁﬂ{épédnﬁlﬁ&ﬂinI%Wﬁgﬁﬁﬁgﬁ'g&%‘}hd' ayer fromthe

non-recessed areas after electropolishing t 14. The met hod
of claim 1 furfoineing gtanfor pkugein theeleisdttic tiyean adhesi on | ayer between t he
dielectric layer and the netal layer. 15. The nmethod of claim1 further
conprising: renoving a portion of the netal |ayer using chem cal - nechani cal

pol i Shingg Pritgle dhénsd SELAPPY, Witlkrfig dtelbt%itgflggtﬁle dlefesic lagér influfi&t hod of

formng a layer on a sem conductor wafer npri si ng: epositing a
di el ectric | ayepoditing afjrsasuli-klyes twhegein thredtemches fesmtd¢rbermechen linds arssi | i con

czigo%dg;yf f%r r}h;%ég%?gségg_la%gg Jan- recessed areas in the dielectric |ayer;

depositing a second sub-layer having a lower dielectric constant than the first

sub-layer, wherein the via for plugs are formed in the second sub-layer.

19.  The method of claim 18, wherein the first sub-layer includes silicon dioxide
and the second sub-layer includes a material having a dielectric constant lower than

that of silicon dioxide.

20.  The method of claim 18, wherein the first sub-layer includes material having a
low dielectric constant and the second sub-layer includes material having an ultra-low

dielectric constant.

21.  The method of claim 16 further comprising:

depositing a barrier layer between the dielectric layer and the metal layer.

22.  The method of claim 21 further comprising;
depositing an adhesion layer between the dielectric layer and the metal layer.

23.  The method of claim 19 further comprising:

removing the barrier layer from the non-recessed areas after electropolishing

the metal layer.
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1 8 MAR 2005 PCTI US01/ 29173 depositing a netal layer to fill the recessed
areas and cover the non-recessed areas; el ectropolishingtbeMARtZ051 ayer to

renove e | |ayer covering the non- recessed areas y ? pl yi ng
| ateral s Orzérggésl%to the netal layer. 17. The method of cl aili\brri/ 8@92\/?#?& ein

form ng recessed areas includes: formng trenches for interconnection |ines

in the dgel ectie hethdy 8F ¢cla@n 6 f&rq;equ:&gpl\{giﬁg;f or plugs in the dielectric |ayer.
18. The method of claim 17, wherein depositing the dielectric |ayer

i ncl udes: depasivingngoatidn pikthe mtal [laype nsinglkerpical-migehani eah poléshirfeor

i nterconnectign lines .ar formed only in the first sub-layer; and

deposi ti%orgo %8%%%8ﬁshdﬁgﬁ§ﬁ?taﬂgwrng a lower dielectric constant than the
first sub-layer, wherein the via for plugs are fornmed in the second
sub-layer. 19. The nethod of claim 18, wherein the first sub-layer includes
si | i con 4fi. oxiAldayenoik someicendisind vealty-dompeisinghcl udes a material having a
dielectric can tﬂ%n‘{n I owei_l t.han_ that gf Sili con di oxi ge. . 2@ The net hod of
claim 18, wher®hi© ﬁéanef g‘fm%(rj%c-efssa?gé’? PRI GRS %38y VA f’ng a |ow

di el ect rdigle@fib$dyePincRidds:t he second sub-layer includes material having an
ultra-low dielectric constant. 21. The nethod of claim 16 further

conprisi ng: deposiafimsgsub-loses pe¢ | ayer between the dielectric |ayer and the

nmetal |ayer. 22. The neth of .claim 2Ll further rising:. depositing an
adhesi on | ayer betzim%(%%nc{wg)gla' %rlhealgﬂgiacazl%igw C%%Fﬁﬂ@ﬁlé@%?%fea@@ S.‘1%'23. The
met hod ahyeé aidm 19 further conprising: renmoving the barrier |ayer fromthe
non-recessed areas after el ectropolishin the metal layer. 24 1 8 MAR 2005
WO 02/ 23616 PCretgShysragppsed withirhe mewﬁg agsfas of Hierdialectrigdasiser conpri si ng:
removing a portion of the metal |ayer using chem cal - nechani cal polishing
prior to electropolishing the netal |layer. 25. A layer of a sem conductor
waf er carr i sThedayer of claim 25 further comprising:

lines formed in the first sub-layer; and

plugs formed in the second sub-layer.

27.  The layer of claim 25, wherein the first sub-layer includes silicon dioxide and
the second sub-layer includes a material having a lower dielectric constant than

silicon dioxide.
28.  The layer of claim 25, wherein the first sub-layer includes material having a
low dielectric constant and the second sub-layer includes material having an ultra-low

dielectric constant.

29.  The layer of claim 25, wherein the first sub-layer includes material having a

dielectric constant of greater than about 2.5 and less than about 4.0.

30.  The layer of claim 29, wherein the second sub-layer includes material having a

dielectric constant of between about 1.1 and about 2.5.

31.  The layer of claim 29, wherein the second sub-layer includes material having a

dielectric constant of about 2.5.
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a dielectric layer having recessed and non-recessed areas, wherein the
dielectric layer includes: a first sub-layer, and a SeCﬁ@d b yer havrng
a dielectric constant |ower than the first sub | ayer | ayer

di sposeW W2 t he recessed areas of the dielectric IayBFT/U%””l‘% | ayer of
cl aim 25 further conprrsrng lines fornmed in the first sub-layer; and

pl ugs f i the 27. The layer of claim 25, wherein the
first 53{) ’h}e laxe”’ud?g fﬁ%g%réén&nsgneg and the second sub-|ayer includes
a materi al haa/beﬂﬁeﬁlabfavﬁé o@b@ba%ém theal¢ladtalayiehand theirhdtgldayedi oxi de. 28. The
| ayer of claim 25, mherern the first sub-layer includes material having a
Iom/drelectrrc constant and the second sub | ayer includes nmaterial having an
ultra-|I di I ¢l al 5, wherein the first
sub- Iayggr/g inc u &éﬂn’ecft 3?%“32&%‘?.‘6 thae-me pld egturlcrqu%socﬁ E%rﬁt of greater than
about 2.5 and | ess than about 4. 0 30. The | ayer of claim 29, wherein the .
second sub-layer includes material having a dielectric constant of between’
about 1.3 andi[laed@wqfo@m@ﬁ further ¢aaymsisingt cl ai m 29, wherein the second
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conprising: a barrier |ayer disposed between the dielectric |ayer and the
nmetal layer. 33. The layer of claim 32, wherein the nmetal |ayer includes
copper. 34. The layer of claim25 further conprising: an adhesion |ayer
di sposed between the dielectric |layer and the netal |ayer 26
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