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| NTEGRATED LOW K HARD MASK BACKGROUND Backgr ound of
the Invention [0001] In a mcroelectronic structure,

WG mpk/0zRs® substrate, conductors, such as vi asp@nts2005/027178
traces, carry signals between |layers of the substrate
or other structure. The vias and traces by |ayers of
dielectric mater] i ' t ("k
val ue") nateri al wQW@%EMF di el ectric
material s between the conductors to reduce resistance
capaci tance ("RC') delay and inprove device
performance. During fabrication of the substrate or

ot her structure, a sacBAOKGROUND gh k val ue hard mask
| ayer may be used to pattern trenches and hol es. The

g%&khd@ﬂﬁéyﬁ,eﬁ\ﬁ)d mask | ayer is then renoved to keep
the value Tow. Brief Description of the Draw ngs
[000% 003}, aFﬂlQEJe‘Pecirohﬁ e?t\éfte sichOS % s86&tatd %ahaa&&&v sﬁf:h §'s vias and

vice Wt ctric constant ("k val ue™) hard

traces ge{%ylo%%rraﬁsstlaeg\gggxglli eErE ?ﬁ(@%u%?ra{eh&%m s?ruétFﬁere efél%r\;?fssand traces

vie ustrate ho i ce of

ure,. brica 0 ur.es, 3a.t hrou
by laya%aqféh%?cﬂﬁﬁ S0 kT SOk VAIES SR P e in
ard mask may prevent forrratlo of voi s fraom unl anded
the leyeas ﬂ%qhélsectr{ce@%@]lal?cgﬁww the .cw‘ﬂmratoe@ UcedlgRIptapgs Gepacitance
accordance with one enbodi nent. Detaijled Description
(“RE'DdeBY and improve deviespesirmanees Duringlaprisation of grﬁﬁuh@f?ﬁ% ar
relating to the formation of a substrate are
othedgtautirbersactificiahligh &l viabiihayl wegclaygtmanbe weed itopagtern trenches
enbodi ments will be described. However, one skilled in
and héles.r Eheehighk vahie hatd maskdapgnis then témdvedhe keg the ksvalue low.
enbodi nents may be practiced without one or nore of
the specific details, or with othernethods, nmaterials,
BriefDeSipion @ the. Diawirpisher i nst ances, wel | - known
structures, materials,

[0002] Figure 1 is a side cross sectional view of a device with a low dielectric constant

(“k value”) hard mask layer.

[0003] Figures 2a through 21 are cross sectional side views that illustrate how the
device of Figure 1 may be fabricated.

[0004] Figures 3a through 3d are cross sectional side views that illustrate the hard
mask may prevent formation of voids from unlanded via holes.

[0005] Figure 4 illustrates a system in accordance with one embodiment.

Detailed Description

[0006] In various embodiments, an apparatus and method relating to the formation of
a substrate are described. In the following description, various embodiments will be
described. However, one skilled in the relevant art will recognize that the various

embodiments may be practiced without one or more of the specific details, or with other
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or operations are not shown or described in detail to
avoi d obscuring aspects of various enbodi nents of the
wo pwenrizeh. Simlarly, for purposes of expl anap¢Dns$2005/027178
speci fic nunbers, materials, and configurations are
set forth in order to provide a thorough understandi ng
of, the i.nvention, velrnt

| ough u ding

metfids REHA I RORPr Sl gatdpe S Vellth Rt fipegar,
derstood that th i ous. embodi hown ih the

or OpSTERATBS Y SPOVRE Heserire! MRS AY S PO IBR SRR Qfdarious

necessarily drawn to scale. [0007] Reference .

embpgimentsins the inNensionp Somilarby foropurpeses ghexplamgben.fepgific gpmbers,
"an enbodi nent” neans that a particular feature,

materfalsy endieanfigueations aie,setofortb hmprdet torprevide adksrongtbentlerstanding of
connection with the enbodinent is included in at | east

the iaventionb ditventhdessf the heventioremby bepra¢tices, withomt aproear dataibss
of the phrases "in one enbodinent” or "in an

FurtBérhgd, 1618 undérito¥d thao the vatiagesmbddimergh shiwrt i the figures are
specification are not necessarily referring to the

s8R RPRAGitIFIAS afdl atctfot hEXSHIPArawhb shige. mor e, the

particul ar features, structures, materials, or

[000?& ar act %ek’e%ﬂc(e‘ %hfég%lgﬁlﬁgﬁg gs%%g%%ftoa@{e ét‘ﬁ%@i%eﬁt’%n‘gﬁr

h one Or Tore e . . Vari ous operations
emb%]ﬂ'lml ?np ’?rﬁgajlssﬁ]g#%}%n?cﬁgrw#aﬁrﬁ%sg gh%’%’ I%(?altﬁ?eriq?,ﬁoerrc 'ér'agfg‘rc‘istlicn
under st andi ng the_ inventjon, . B Ho er., the order of,.
descgbed Weﬂlongfﬂ? e RBDOgEbisdre s et 56 05 1egrbodigpent of
these o%erati ons are necessarily order dependent. In
the iguentiony Thps, thgrappsaigpess Hf therhirased dinpne epbodispensy ofedn pR
the order of presentation. [0009] Figure 1 is a side
embodipwst’sie vaiiowsplaces ¢hvoughoat thas/speeific@ionre notndcessarily referring
di el ectric constant ("k value") hard mask | ayer,

to thegame embgdiznoofthe itbediiore Nfurtiferthére, tha peniculan feafires, structures,
device 100 may include a first interlayer dielectric

matdriald; BY ¢haratt@istiéOmay BB Cothbingd i ddy dudiisle ndddder@one or more
conprise a low k value dielectric material. In an

emb8aiBRgismeNt, the k value of the

[0008] Various operations will be described as multiple discrete operations in turn,
in a manner that is most helpful in understanding the invention. However, the order of
description should not be construed as to imply that these operations are necessarily order
dependent. In particular, these operations need not be performed in the order of
presentation.

[0009] Figure 1 is a side cross sectional view of a device 100 with a low dielectric
constant (“k value”) hard mask layer, according to one embodiment of the invention. The
device 100 may include a first interlayer dielectric (“ILD”) layer 102. The first ILD layer
102 may comprise a low k value dielectric material. In an embodiment, the k value of the

first ILD layer 102 may be below 3.2. In another embodiment, the k value may be below
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first I1LD | ayer 102 may be below 3.2. In another
enbodi nent, the k value may be bel ow3. 0. In another
weniwed2izehit, the k val ue may be between about BCODUSId5/027178
about 2.4. In yet other enbodi nents, the k val ue may
be different. The dielectric material of the first ILD
I ri i " )
3.0. Sllg?élﬁgthélo%{l%@%g&% S\é}&uﬂr‘]‘%{) %éélgst%?&ed%ogf(ﬁ.@%nﬁ abbli?24. In yet

con e (et ped wt

hophar us, o oron an hor .0 _an L .d
othe pBageRi: e heR FHCREARRHA! 1 ciglec B AEa) SPRR e D
organi c containing silicgon, oxj »a Rol r,,or.
layer, 104 WAy CompUss aawgqrvé?p@ﬁ oFide Vs silieg? fiepdie (gighey undoped
mask | ayer 104 on the first ILD |layer 102. The first
or depedavithaphophaips or bowongag pPhesPheTUSorANPHEF foRARyslicon nitride,
dielectric material. I n some enbodi nents, the k val ue
silicofi oxyraitfide, pordvaodidepakoriganie cortaiingssjlidea axids; apolymes) or
the sane as the k value of the first ILD | ayer 102,
anothéyi thetetisl. ot her enbodi nents the k value of the two
| ayers 102, 104 may be different. For exanple, in an

[oomgbodi'm@ Inay bBQ flesttatdiMad lalérel 0didnShe Hiest U DUS)er 10y €The first
104 may be within about 1.0 of the k value of the

hard{xhﬁs‘fttla}!'elr Dok %grcgg@%se b bR veRiR sk dEAE mateligl. Kin\salde of

e fiIrst har layer 104 may be wi thin about 0.5
e e Hond B Bt Bt 9 ad R apflo D) o ame

o ok G ATRAE B 2 ol R U ERRTE g o
ook oA ATEASY, Bi MSIELT SEnRRL R e

val ue may be between about 3.0 and about 2.4. In _yet

first bardemasknipyati 194 may berwighip abeut e ofthe kaalieof Ehecirst Hﬁ%layer 102.
some enbodi nents, the material of the first hard mask

In ah embodifi@at, theyk vedue ofitho Sirst hardahask layer 404 oty heavitlyin about 0.5 of
different fromthe material of the first ILD |ayer 102

the k vala¢ bOtive irgNLBtlayer 162 eqthbugh ythéradifferencdsttetworn thak ealues of
102, 104. For exanple, in sonme enbodi nents, the etch

the twdt18y&2§ 10316 04 lntdy! 23368k ist HothByerSo A dats OlbAPerhBsdiMEnt, the k
than that of the first hard mask | ayer 104, though In

valurgrté)? g{ei tg?@%g% Eelgﬁl% %F/Ex{“ﬁ)é%ghbéﬁél@&%lz{i 1h¥%n8thet b ReRYthe k
value may be below 3.0. In another embodiment, the k value may be between about 3.0
and about 2.4. In yet other embodiments, the k value may be different. In some
embodiments, the material of the first hard mask layer 104 may be compositionally or
structurally different from the material of the first ILD layer 102 to allow high etch
selectivity between the two layers 102, 104. For example, in some embodiments, the etch
rate of the ILD layer 102 may be 25% to 50% faster than that of the first hard mask layer
104, though in other embodiments the etch selectivity of the various materials used for the

layers 102, 104 and for various etching processes may be different. In some embodiments,

the material of the first hard mask layer 104 may comprise below about 20% silicon. In
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| ayers 102, 104 and for various etching processes nay

be different. In sone enbodi nents, the material of the
wo poos2283 d mask | ayer 104 nmay conpri se bel ow BDUS20880%7178

silicon. Insonme enbodi nents, the material of the first

hard mask | ayer 104 may conprise between about 10% and

A I T N

16% si ljicon, about 77% carbon, and about 7% o0 en.
abot d%anctabgus 3% pilicots TnspBle PSRt AmaleriAh g dist hard
112 and the first hard mask |ayer 104 may have a
mask iy Hidsmay aemprise abautehfifo siligeraboytd % carben. B Ao IO
| ayer 104 may have a thickness 110 between about 100
oxygemgstrons and about 1000 angstrons. |In another
enbodi nent, the first hard mask | ayer 104 may have a
[0011 i ckTiesfrstlILD hyemERmaphavie azbidkassg 412 amd thafotstdtacditnask layer
1000 angstronms. In yet other enbodi nents, the

104 by Gk e thididRsOf 10t N8 ah efnbbdifnel thesist ha @fask Gdefdys By have
greater than 1000 angstrons. In sone enbodi nents, the

- a thibBes Fﬁ?ﬁet@vég}héﬁod $rigsBbmB R da TR KodPRStrdifg, FPaholiRr

as great as e thickness 112 of the first ILD |l ayer

. . .

embfienl U SESPHERl TR IR TOEREP A ERLHEAHER 0 bPhyckn 4Bt 200
first hard | ayer 104 are siml ar ayi ng. a | ar

angstig e b N00 B FLyeT efiofimenlia e fisRnded 196 of the
rel ative to the thickness 11 f the first ILD |l.ayer

first s ik TRUAE 108 Bas bt et haih (000 s W sgmsempdiipgats,the

~conbi ned |ayers 102, 104 to create RC del ay problens.

thicknessot Heof therbiest hardrmask layee 104 mey baas greahasdhp Hijeknesphl 2 of the
may have a thickness 110 that is greater or |ess than

firstthD layer dRAeFer dxbmplef intshmefembotlinidnts where ithelloalug ofthe|first ILD
The devi ce 100 may i nclude conductors, such as traces

layel 062 ard thB& vialuesif the fidst karéd matl Bayanti4oare fintitar, Heaving ariasde
| ayer 104. The traces 106 may conprise a conductive

thicliRES 1080f the! €ibst AerdGRARQAyer D4 FAl At to Be BIRRAELT 12 of the first ILD
material. The traces 106 may extend at |east partially

laye}' 'Pé?mtag %%{ édb%ntllzﬂ? iha¥sde (1OR vaide bPate doliidedSferd 102, 104 to
layer 102 may partially surround the trace 106, as
createI 1&&:’ %Hfg%)?cgolérﬂs A Bthé e?nbo-drmenl?s? e MRS 8K Pafyef iz may have
race nay
a thickness 110 that is greater or less than the thickness 112 of the first ILD layer 102.
[0012] The device 100 may include conductors, such as traces 106 in the first ILD
layer 102 and/or first hard mask layer 104. The traces 106 may comprise a conductive
material such as copper, aluminum, or another material. The traces 106 may extend at
least partially into the first ILD layer 102 so that the first ILD layer 102 may partially
surround the trace 106, as illustrated in Figure 1. The bottom surface of the trace 106 may
be below the top surface of the first ILD layer 102. The trace 106 may also have a top

surface that extends above the top surface of the first ILD layer 102. In an embodiment

illustrated in Figure 1, the trace 106 may extend through the first hard mask layer 104 to
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be bel ow the top surface of the first ILD [ayer 102.

The trace 106 nay al so have a top surface that extends
wabwye2be top surface of the first LD | ayer BORUSI0n5/027178

an enbodinment illustrated in Figure 1, the trace 106

may extend through the first hard mask | ayer 104

o P4 e RO R A 268 S e o
104. .| '

T L N

s e Sl PR TSt BV 2

sone enbodi nents, there may be a cap | ayer 108 on the
extend pte thetharkmeask layier 10d¢all.106. The cap | ayer 108 may be
a thin conductive |layer that may act as a barrier
[0013hy erIntsomereenbedimetits, thesé may be ashe tyeo&pmthe dop sifrfack ef the
material of the trace 106. In an enbodi nent, the cap
tracd B rThEQAp i@yer ¢08rpmay de acihabhductive kyagthat mayragt as a barrier layer
conprise other materials in other enbodi nents. [0014]

to prefét i ffeYorb6r AechRagidtibh bf tha Yitsterial 4f 18 tiabe 106." Bitanhar d
mask | ayer 104, trace 106, and/or cap |ayer 108. The

| i ' 1 irk other
embé&i?rﬁ:‘ﬂg éﬂé&(gg 18y&108 %g%ﬁlpﬁ@@wﬁaﬁ?alﬁlolu tkndPd s i'%LeI tLhS

suc cribed above wth respect tTo the first

e . y be a second hard nask | ayer 116
matéor%)'stlﬁ ol‘lge% em-{;gﬁ@feﬁ'@

I e secon ayer 114. The second hard mask
116 [ I ' h
10034E2C TSR S e TE D3RR 1 SPbelel bard etk At trace

| ayer 104. The thi cknes f the second hard sk | ayer,

106, £g o ol B The SSRuEHT-Boay et dd o GORAFSE B QY kyrpatfial such
first hard mask |ayer 104. [0015] The device 100 may

as desquibertiboae avithi resnect togheifiest Held layst Ep2- aEhere mey be ageeand hard
via 118, in the second ILD |layer 114 and/or second

mask daydr hisén thaperond 1BD layeadé4. TROsdcand hardgeaskrlalyer 106 may
| ayer 114 may be simlar to the traces 106 in the

comptisesd lowiDmagyral sublias dess dedchibed st evith 18§61 tovthafirst h8rd mask
may extend all the way through the second ILD | ayer

layel 164.t Th8BHi€kiRBs of the second hard mask layer 116 may also be as described

above with respect to the first hard mask layer 104.

[0015] The device 100 may include additional conductors, such as trace 120 and via
118, in the second ILD layer 114 and/or second hard mask layer 116. Traces 120 in the
second ILD layer 114 may be similar to the traces 106 in the first ILD layer 102 described
above.

[0016] Vias 118 may extend all the way through the second ILD layer 114 to make an
electrical connection with traces 106 or other conductors below. As with the traces 106,
120, vias 118 may comprise a conductive material such as copper, aluminum, or another
material. The via 118 may extend into the second ILD layer 114 so that the second ILD

layer 114 may partially surround the via 118, as illustrated in Figure 1. The via 118 may
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el ectrical connection with traces 106 or other

conductors below. As with the traces 106, 120, vias
wdidenesTonpri se a conductive material such aBCTU§03/027178

al um num or another material. The via 118 may extend

into the second ILD | ayer 114 so that the second ILD

have: ?a %ﬁ%{l aged tgat eﬁ(Par t | I%Je%hg fhﬁ) 8%& ﬁ@ yéc CHI?D la%'%r 1 14. Inan

ave
rfac that . e end bove eto fac
embgil tEi’tF%s)’)e(é‘g‘;‘Efjl thevia ) @wmsa?tﬁaﬁ W&‘i}ﬁ? P%&°88 hgg mask
? the via 118 na exteng t hrou e secon?1
layehb fuwrfﬁs,lw lpé%‘iopﬂ’éa‘ted)frt vietl 1§ geing sub @ y flsle with the top
the via 118 being substantially flush with the to
surfaperof theeseomd Hned SsloRach bkt Tmesier Peapedimpns, theryiat Homay be
- enbodi nents, the via 118 may be arranged differently
arranged diffigremtyt ar&bommdotedxtenﬁhﬂ theway throughithe becosd barddméaskrlayer
mask | ayer 116, or not extend into the second hard

116,70r3lst &:a8tRY infoltbe 8écoal hardnask 18yenilll aat 41h Viae sinitar 1d thery 118
al so extend through the first ILD | ayer 102 and/ or

mayfaudrosetxtéﬁartﬂlrom thel fBYELDUAfer 100QAadkr fike herdRxskigyed 102P
| ayer 122 on the conductors 118, 120 of the second ILD

er I d
loog7gYe T%%%ma@%ﬁ%%@é%%%f’%%‘?“?&%féE‘E%s}@%g*?hr%ﬁg
erc! 955,538 i
tayef § B B T8 3% D s Sl Bkabier 108 HERHBEEARIY,
enbqdi.men f the resen invention
100187 o Seies 27 HietetAlace fiRe Terha flébwe&gﬁéﬁatﬂcs'%%a w the
first ILD layer 102 may be a |ow k value material, as
devigs 4(0,0BaUEHGvay by Fibeeaied asAoBtingriarng emhodiment of the present
~ layer 102 may be fornmed on a substrate (not shown).
mvempen.substrate nmay i nclude one or nore |ayers and
devi ces. The substrate nmay include conducti ng

[0019%:it erFiglre ZaniBudtatdsie fist HiD dyer 569 BerfadsciLiDhiyer 102 may be a
material, and other materials or materi al

low &G@liemadtéridlSas drusRYABBY L, InisBme BRbOARARALT BRIt firkt T®D layer 102
device 100 may be a m croprocessor die and the

mayBeFe i ¢h ARbsie (HARESRRY THel subhige Rhy IHCARR o%%%’f%nore layers
[0020] Figure 2b |Ilustrates t he flrst hard mask | ayer

and a&‘&c&e R%e 's{ll?sgra&r}nﬁyhﬁlcfddgz §Bnd&c9ng material, insulating material,

semiconducting material, and other materials or material combinations. For example, in
one embodiment the device 100 may be a microprocessor die and the substrate may
include many millions of transistors.

[0020] Figure 2b illustrates the first hard mask layer 104 deposited on the first ILD
layer 102. The first hard mask layer 104 may be a material as described above, with a
thickness also as described above.

[0021] Figure 2c illustrates the first hard mask layer 104 after it has been patterned, to
form a patterned first hard mask layer 202. The patterning may be achieved by

photolithography methods, including depositing a layer of photoresist, patterning the
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| ayer 102. The first hard mask | ayer 104 nmay be a
mat eri al as descri bed above, with a thickness also as
walewenezesl above. [0021] Figure 2c ill ustrat esPeh®s2005/027178
first hard mask |layer 104 after it has been patterned,
to forma patterned first hard mask | ayer 202. The
att n be achi
phofiifaten r%wer%ﬁlg.pﬁgwals DU R Pl o B R Mpeeg cgperea by
tternln t he resi st, then renovin i ons. of
the FhaioTFAifs 01 EECRRSRR i ATHTBB O ERy B 2506 B e
photoreS|st I n sone enbodj nents, an .etchjing_proce
Procesicay sputter etahantpesss may bR Upsdiodemovs parfions dfithe firsy hard misk layer
process may be used to renove portions of the first
104 peafosimrthe Ratteanesl firsOhprd maslolayen 2. daseme padodimests, hegagse the
mask |ayer 202. In sone enbodi nents, because the first
first hardimaskslkydrd Pd cotdid andpetestsethel fipst BB daysr 102 dhnimgsphatrbsist
| ayer 102 during photoresist devel opnment and renoval
devdlb i@t 988 rense@NpIACER O SBh progesid\teayl idvt: llietld to roceffekf @cthe
on the first ILD layer 102. Thus, in such enbodi nents,

ﬁrst‘IED‘ 199 162 f TRES M sRARhDoBMchis, Vﬁ‘i(ﬁfs'cﬁ‘ff&eﬁ’t"ﬂlotoresmt materials
phot or esi st patternlng processes may be used w t hout

and Pﬁ&Ufe@i'iggga %bﬂ)geégres &Efb@%e%ﬂ%ﬁi}ou?fe bithh frhétéltung bPthe

ayer conpati bl e wth the photoresi st
o A3 LGPl S s
ok 51 50 B digghswmgir%%ﬁf%%#g%{w ot

be hol es and/ or trenches inthe first ILD |layer 102.
first ¥hD layes 164 mayialpwiise ob A sriBResdavst of BRieresislhio paftesy what will
formation of finer features in the first ILD |ayer
evert@dly feO0oe]angiog tneacied in thefustribDdayerrl8ac Abe usodf 4 Ginnet
inthe first ILD layer 102. In an enbodi nent, the
photoadsise tayerimby nllowrdierknatiay ef fie@iXeatutes irathe firstd R layperrl®2ove
sel ected portions of the first ILD |layer 102 to form

[00221€ tFighfelTRISilIZSHhtes! tFenSRESE208 I TOMGHANR MicSirst 1TED piyet 00X Sinsin
| ayer may remain in place on the first hard nask | ayer

embl)@ﬂnéii&' Irth & BatfePidiBiak P hasi laké}el()tzragﬁcag 8nxR4o ré%de%ele@ted portions

ot her "enmbodi nents, the photoresist |ayer may be

of tl{éaﬁtﬁ)%tdlﬁﬂnen&éxof 0248 fgrﬁl{ BteRthel D04 N {dnfNGRGS IﬁxQﬁ‘ts, thd pR&toresist

ng operation may form

layer may remain in place on the first hard mask layer 104 during formation of the
trenches 204, while in other embodiments, the photoresist layer may be removed prior to
formation of the trenches 204. In an embodiment, an etching operation may form the
trenches 204 in the first ILD layer 102, although other processes to remove material from
the first ILD layer 102 may be used to form the trenches 204. The illustrated trenches 204
extend only partially into the first ILD layer 102. In other embodiments, holes for vias
may be formed that extend all the way through the first ILD layer 102 to any layers or

devices below the first ILD layer 102.
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trenches 204 in the first ILD |layer 102, although
ot her processes to renove material fromthe first ILD
wo 29061023282 may be used to formthe trenches 20BCT/Th®05/027178
illustrated trenches 204 extend only partially into
the first ILD layer 102. In other enbodi ments, holes

r o .
1002?Ee e TPl 3 i e 208 b 9@5@’?%3@“ Bhes
e fir t LD | ay 02.10
204, 8 5omes pbggamens s Tapre ey 200 el dePes®y {hﬁ%n& 52080
trenches_ 204. In, so iments,.a barrier.|la
helppsgvepediffupioniof é@ﬂm ﬁ@tetr'@g ﬁ%ﬂ?égedzmh? HCWF@%IW ﬁ\?efﬁﬁt%
di ffusion of additional material deposited in th
layer @ clinenther gmbodineents, p seed) lpysrimayehe depositedrn &qwteqnches 204
enbodi nents, a seed |l ayer may be deposited in the
instead @f tHedmr2@dayen 206 adincidditiee th drerbagrier layee 20008 he seadrdayer may
addition to the barrier layer 206. The seed | ayer may
be alkenductivathyei thuemhpyldow tfbaéxample, @ldctraplafing ofocadpétive material
el ectroplating of conductive material on the seed

on the?éed layef Ihg‘et ethbe¢mssdnehtE Rt Rionalddydrs Aagibeldap@yited irbthe
be dep05|te in the trench 204 in addition to or in

trencfﬂ QlditidR b8t il ﬁe{celo?Yﬁerba%Qé 18006 aR@BFsded Y B/er.

Figure 2f illustrates the conductive traces 106

[ooztgﬁ‘ at ﬁgﬁ(r‘g AR R Eﬁ%dcoh&u e tJaEé?“fd?ﬁﬁat%%‘b}%bé& formed in the

SCus above, € conductive traces

e L

by el ectropl ati ng .or anoth met ho

et U1 RSP RGN o BAP T BRirR H niapf%evéayosetﬁﬂ Bigh
the first ILD |layer 102, one or nore vias may

clectroplatng errangther methedt dn seme mM@e@n@Mfterfehqlewé@meﬁ all the
the enmbodinent illustrated in Figure 2f, the traces

way Iheugh therfustdaiDx lapdr| )2j ortecortohare fvias snwayi h_el:fortm;dsin atiditionga@r in
are thus partially surrounded by the first ILD | ayer

placd @2the Thaeed. dp thairhbuitmentfillistatddria Fegurd Of tisr teaceb 00& et tned
top surface of the first ILD layer 102. [0025] In sone

I M W o, Ao s glact e 1
layet 105 TEtop %uﬁa&:g SPiHE HacCRIRaE ERdveRRE oplRuffce of the first ILD
layer 102.

[0025] In some embodiments, after depositing the material to form the traces 106, a
planarization process may be applied. This may be a chemical mechanical polishing
(“CMP”) process or another type of process, and may result in the top surface of the traces
106 being substantially flush with the top surface of the first hard mask layer 104.

[0026] Figure 2g illustrates a cap layer 108 that has been deposited on the traces 106.

As described above, the cap layer 108 may be a thin conductive layer that may act as a

barrier layer to prevent diffusion or electromigration of the material of the trace 106. In an
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("CWMP") process or another type of process, and nmay

result in the top surface of the traces 106 being
waemmszazsi al |y flush with the top surface of tPer/5208%/027178

hard mask |ayer 104. [0026] Figure 2g illustrates a

cap layer 108 that has been deposited on the traces

descri b above, t.he ca
emb?cﬁ}nﬁn@@w ﬁ?ﬁé?ﬁ%y’ér CPRREiSggRba g’cﬁl%gga baryrl erpkg% ther
pr event %IfoSIon or electromgration of the
mat%tSémOQtersm pligepiSace 106. I n anembodi nent, the cap
| ayer 108 may conprise cobalt, although it
[002c‘,lbrrprltlg1ere@hhﬁusmms ¢k secend H.Dylapes 1 lé'nﬁgeatcwhthe ﬁrftd@;zdmask
Figure 2h illustrates the second ILD | ayer 114 formned
layent04 dnd tfdces t Ochiarthie fiess KLID dayer 10D 4Thersgco layersl §4nmanbe a
first LD layer 102. The second ILD |l ayer 114 may be a
mateiat sikdildl osidenticat toothe inthesnial 6fthe fiostihD laygerd02.aAsaeert indFigure
first ILD layer 102. As seen in Figure 2h (as well as

2h (aEs' V1T S5F 1%u1%§‘°1i aRdl 2t ihf&igﬂ@d? dhe fitshRartinidsk 143RF U04BRK remain in
| ayer may remain in place on the first ILD | ayer

placé{l Qﬁ t@}ﬂ‘stbﬁll? EJ‘@ZSA?@%QN] hPstvg 'f[Lﬂ)]lg)ﬁz‘il Yk Bﬁmtl ?ne fabrication

rlcatlono evice 100 and in the conplete

ofth% dev1%g l&ggﬁlda{nggg?%rgglgg:ﬁrd%v%é (]jb(l)l ustrates the Second

osited on the second ILD | ayer

o0 128 SRR e pi @R%ﬁte?%e?ﬁ%%ecand
104, d
w3t L B R A A e

the first hard mask |ayer 104 with respect to

the rhatesial of s first/kard nosk 14ye0 P&, arfepgribedabave, widh a éhl@leieﬁmlso
second hard mask | ayer 116 after it has been

simifaa ot @tentichl ta thaf desomibedebove fardit Swthard ninsk dayens®d witheespect to
208, with a via opening 209 through which nmaterial of

the filfelL$ERQadI02.D | ayer 114 may be renpved to forma via
hole. This patterning may be perfornmed in the same way

[0029F U hﬁgﬁ’@tﬂj ANRirAEs Me sebhdiakaliehaflerBslaflenit@as B&H patterned,
descri bed with respect to Figure 2c, above. In Figure

to fothra ﬁa@t%rr%ﬁtsééaor H%Qrcﬂ?ﬁﬁﬂg 1308, mgviaadiﬁhlr%%ﬂ%u %‘V‘Blch

pattern toa ormalon of hol € t hroug

matéttal of %e sléc[c))nldeﬁ’:ﬁrlayer 114 may be removed to form a via hole. This patterning

may be performed in the same way as the patterning of the first hard mask layer 104,
described with respect to Figure 2c, above. In Figure 2j, the patterned second hard mask
layer 208 has been patterned to allow formation of a via hole through the second ILD layer
114.

[0030] Figure 2k illustrates a via hole 210 and a trench 212 formed in the second ILD
layer 114. In an embodiment, the patterned hard mask layer 208 acts as a mask to allow
removal of selected portions of the second ILD layer 114 to form the via hole 210. The
first hard mask layer 104 may act as an etch stop layer to prevent removal of material of

the first ILD layer 102 during formation of the via hole 210 if the via hole 210 is
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114. [0030] Figure 2k illustrates a via hole 210 and a
trench 2 12 forned in the second ILD layer 114. In an

wenpiwed2izent , the patterned hard mask | ayer 208PeEmUS2085027178
a mask to all ow renoval of selected portions of the
second ILD Iayer 114 to formthe via hole 210. The

it SR ﬂ%:wéé bé&?ﬁ%@%@%ﬁ%&?eff s
the sw%n%r(gng@favgr CHeanataw 9 Oftlgtaggﬂan%g '%QF%‘{?&??ED

116 may then be patternedaalnto open_ hol in the
layes dorl b apgienothenlayeres) 60X Ehoar ) uRH o5 TORBF I P via Hole 210

trenches 212 in the second ILD | ayer 114. A barrier
and/amnti¢nsh 2d2her | ayer(s) (not shown) nmay be forned in the
via hole 210 and/or trench 212. [0031] Figure 2 1
[003i1] | uRigwe@$ iltusmateothdwonduoctive trace] 202:MdahelviaHd 8\that haggbeen
that have been formed in the trench 212 and via hole

forméd Gn thdSresitls ¢ UB sRTiviahelee210t P8 discassed hBOveq aet tidve 120 and &g via
may conprise a conductive material, such as copper,

118 %zﬂ’e(‘i se AcoRMRENE Malda sl as &)Eﬁér ARyhiRen dRasiheLhaterial,

ectroplating or another I'n the enbodi ment

that Ha&%ﬁtdf:ﬁésﬁ?% %)g fﬁgb@g%@%f z{nl}% fg%g@di%gﬂﬁ@rgﬁ‘) e tlllustrated
in PG5 Aoy ireée“&#@%%%%? Pt ] Sy5 TSl BV “]“éé?? EE@E
pamlaﬁg R ILIE“ 1 e srfie? 8%%@06 120is
el ectrical contact with the trace 106 in the flm‘ﬁ | LD

aboveghefoproracapiie seranddiyD davep | ithkEheeyiad i péigndsd)
Wwth vias in the first ILD [ ayer 102, or_ other

througintia sedond TEPrlayer 114 ¢o mplsoeleqtrical contaet vt theitrasa @6 in the first
after depositing the material to formthe trace 120

ILDamr 102 Vias8,118 nplyaahsr malet dlentrigal ocrgse withyvibeingbe ficst ield layer
This may be a chem cal nechani cal polishing ("CwW")

102, JUr 8RS SofucAn®itherurty/ pe of process, and may result in
t he top surface of the trace 120 and via 118 bei ng

[003%! ? 3t bRl ebob s, Witk hadob&itih® heSHAtERA 8o Brnd MG t1HEE P2TPand

via 118, a planarization process may be performed. This may be a chemical mechanical
polishing (“CMP”) process or another type of process, and may result in the top surface of
the trace 120 and via 118 being substantially flush with the top surface of the second hard
mask layer 116.

[0033] A cap layer 122 similar to the cap layer 108 may be deposited on the trace 120
and/or via 118. Figure 1 illustrates an embodiment with such a cap layer.

[0034] Figures 3a through 3d are cross sectional side views that illustrate how
fabrication of the device 100 of Figure 1, with a hard mask that remains in place, may
prevent formation of voids from unlanded via holes according to one embodiment of the

present invention. An unlanded via hole is a via hole that is formed that extends laterally

10
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mask [ ayer 116. [0033] A cap layer 122 simlar to the
cap |l ayer 108 may be deposited on the trace 120 and/or

wo2@ediRss Figure 1 illustrates an enbodi ment wWeahUs200$1027178
a cap layer. [0034] Figures 3a through 3d are cross
sectional side views that iIIustrate hom1fabrication

hedelceloof H
bey R i 8% 0h €5 Sl ey t%?%?}@m b WA v B Rbigrs of
unl anded via hol es acco i ment o
the mateaal pexy tﬁﬁé‘h?‘?%‘ﬁ“%ﬁ‘a&&? V&(‘)‘vke%"lﬂ% asaeviratl%la@s below
that is forned that extends |aterallybeyond the edge . ..
the ipfendaskdeptnefitbe via hale andenepbiortharreiduetes Wheniggnductivg material is
such cases, portions of the material next to the
depasisediinghe mar’rwje Iblee ighraspedt, ratie holemapyabertiog Heersarulnaryoay fode
hol e bel ow the intended depth of the via hole and next
filled wvithhiee conddeiveonaterfiereseltingirca void. material i s
deposited in the via hole, the high aspect ratio hole

[0038RY tﬁ%&r‘é@aqm@é@ra&@@ tFh36 N 08MHréugdhané fitst Ggkdwhisk 16yt 104 and
conducfive material, resulting in a void. [0035]

exteﬁdhﬂ Ertlg rltl) HR AL 8D Rybr B2€ THe @eédﬁHQEgha§é}q lﬁ'aﬁé Eecond

ayer 104 and”extending partially into the
hardfdlgsitl%)’ekg}%f}x&er !ke%ﬁ gglrénrela%féﬁﬁgg% ]bdgel?irl]lh ?trhaéﬂlﬁ‘laﬁpﬁger 104.
rousgh i o sl BlhafT O pofiol dgae 4%%%8% g fherd
mash e S e oLy 3 g B s e, U am ot e

via hole 302 has partially mssed the trace 106 Si nce
via hofee392 hastpattiplly missed theyege 1064 Sings theolivst hardimask lggjen d@4 has
and the second ILD |layer 114 forned on top of it, the
beerf leftsn plaee andths lsedomddEDlayer hdy farotedas temokit,ghe firsd ybard mask
| ayer, and prevent the portion of the via hole 302
layet h@4 mBpactris af @cthtske layacandlftévent thiepexti@neti the viddwie 302 that
bel ow t he surface of the first hard mask |ayer 104.

has thi¥s&d 1HBYrasé Pe8 A6l extdnding R Heldwe tHErutREe &fthé fikit @hrd mask
aspect ratio hole next to the trace 106, which nay

layef3 (fd’u efllis [ rg?lgértﬁrrgltaﬁ% R}’é%lfegtsfon{&%?df a sgyis‘gegtcratlo hole next to the

strate trench 30 t extend

tracd’ ?(56{ wifieh rlrlg]); 8re§/gﬁ formation of voids.

[0037] Figure 3c illustrates formation of a trench 303 that extends part way into the

second ILD layer 114. Eigure 3d illustrates formation of the via 304 and trace 305 in the
unlanded via hole 302 and trench 303. Since the first hard mask layer 104 may prevent
the formation of a high aspect ratio hole next to the trace 106, the first hard mask layer
104 may prevent formation of a void next to the trace 106 and below the via 302.

[0038] Similarly to the situation described in Figures 3a through 3d, a via hole 302

‘may be formed through a second hard mask layer 116 and second ILD layer 114 and not

overlap with any portion of a trace 106 (where the via hole 302 of Figure 3b only partially

misses a trace 106). In such a situation, the hard mask layer 104 may act as an etch stop

11



10

15

20

25

second ILD layer 114. Figure 3d illustrates formation

of the via 304 and trace 305 in the unlanded via hol e
w@oearatsi rench 303. Since the first hard naskP¢EYS2005/027178

104 may prevent the formation of a high aspect ratio

hol e next to the trace 106, the first hard mask | ayer

et 5 BT AL Be Bl bR
e B G et A e O ol e

| ayer 116 and second |LD | ayer 114 and not overla

and pyeventformationtof 8 yoist ingueh & lasze1 ot pia 'EOI?-hEh\?if%@Yrﬁiﬁ)éV
302 of Figure 3b only partially msses a trace 106).

unlahdedsuightosbesoimrat withqut theeformatibnafsiidsayer 104 may act
as an etch stoplayer and substantially prevent the via

[0039p| e Bgerefdritiostexdseangisteen 400 abedrdanct wathhatecemibralkmérty Ars
104. This may prevent the aspect ratio of the via hole

illus@#df foP MeGRitoldiiferit &Y sted! 4D, indl0desotipRtihg Hevis@40Dfor ?foo@ssing
void in such a large aspect ratio hole. This may all ow

datailj g%o . ﬁﬁ%gg\gfe 1{1:62 B8y HRiURS Mbthbedirddog. MEHELLAR 40k may

lgure 4 1llustrates a system 400 in

inclfRR @g@@gﬁﬁgﬁ{&egﬁ? 48&’%&%%&5%@ intbiet 4Rt B 158.?0% bus 410.

yst em I'nc S conputi ng devi

402 for . processing data. Co ti ng. devi Q2..may ..
More SEsciffe I, MOE e R SR AP N i g sk 08 PR e e

in rtjcul ar rocessor 406, and a networking
de“?ﬁ?@ﬁﬁﬁk a%b@*@d fed to a bus 410. Mre specifically,

rocessor 406 may conprise the device 100 that has the
[0049% 1 | | Bependingonsbeiappligationsasystemnd(d may icludetheycomponents,

Dependi ng on the applications, system 400 may i ncl ude

incladifgbutcaoematripmitesl, toivietatiledindgantmolatile meutory, jargrepdcs rocessor, a
vol atile and non-volatile nenory, a graphics

digifal sigesl pescessdr,di @yptalpradesson) a ¢higse s simss storage (yehas hard disk,
processor, a chipset, mass storage (such as hard disk

com?m%‘l‘(t(cw)?&gﬁ@@krsaﬂie@iil@(b%f@rﬂtsio' ferth), akd §OMRh. A SiGnore

orth), and so forth. One or nore of these conponents

of tHEBY cithiitheh@ sootoig%uﬁ?fﬂei e3Hief Be&FibEE Cor TRt (A& onnects.

I nt erconnects. n vari ous enbodi nents, system

[004&?0 nﬁlyva?lgusa crgl%dsu%gl?tls, s%t%lnt AﬂJO ﬁ?fﬂ)esﬁ 8&%0&1’?9@1@ assistant (PDA),
a mobile phone, a tablet computing device, a laptop computing device, a desktop
computing device, a set-top box, an entertainment control unit, a digital camera, a digital
video recorder, a CD player, a DVD player, or other digital device of the like.

[0042] The foregoing description of the embodiments of the invention has been
presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Various additional
layers and/or structures may be included or omitted from the described embodiment.
Processes described may performed in a different order than the described embodiment

and steps may be left out/or added in additional embodiments. This description and the

12



a nobil e phone, a tablet conputing device, a | aptop
conputi ng device, a desktop conputing device, a

W@ edaoszR2shox, an entertai nnment control unit, ardi/gs1oa$/027178
canera, a digital video recorder, a CD player, a DVD
player or other digital device of the like. [0042]

clanp%\%lﬁor fﬁhf;xg g %Qu@ﬁ LOf Idglﬁth?opt ﬁ:gﬁ)% BRBE, Sn8r Eﬂfer lower,

een presen pdrpoées of

usfratjon and . is
ﬁrste%‘eﬁ%@ R R arE Red o7 APl bt S pd pRLS 16 e £noted as
forns disclosed. Variqus addltlonakggﬁ¥ers and/ or

limitipg. Ehe grakodiments ef 2 AevieRiercarisle gascr TP faf g manufactured,
descri bed enbodi nent. Processes described may

usedper shippeddn amumber 6f pasisions andienientations B@rS@l@sSé(rlle@lea the relevant
enbodi nent and steps may be |eft out/or added in

art canl dpjireciataltha mizng imetificationharsl vermtipngare possibiel it hght of the above
clainms followi ng include ternms, such as left, right,

teachi@p., PB@bilisuKilledf the Ao recofigy varloayequivilemtiombiietionsiand
etc. that are used for descriptive purposes only and

subsﬁﬁﬁloﬁgtortv@nb@s COMPOnEMS Shéen inl thk Fi%ijhgss Thie tireroet Mesnided that
a device or article described rein can be

the §EB£i:é13ﬂﬁE H{v% or5Efmited nSt'Y Hﬁ%e{aﬂe@d&#éﬂpﬁén Blut rather by the
po ti ORs ‘ahd ofi entat ! on Persons sKki in the

clai a(ifﬂqrt can appre0|ate that many nodifications
‘B%EPR?Q ?alfl YRs are possi ble in Iight of the above
teaching. Persons skilled in the art will recognize
vari ous equival ent conbi nations and substitutions for
vari ous conponents shown in the Figures. It is
therefore intended that the scope of the invention be
limted not by this detail ed description, but rather
by the clainms appended hereto. CLAIMS | claim 1. A
nmet hod, conprising: depositing a first interlayer
dielectric |ayer having a |l ow dielectric constant;
depositing a first hard nmask |ayer having a | ow
dielectric constant on the first interlayer dielectric
| ayer;

13
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form ng an opening in the first hard nmask |ayer to
expose the first interlayer dielectric layer; formng
w@2dobns253 rench in the first interlayer di el ece@1/U0S2005/027178
| ayer; depositing a first conductive trace in the
trench; and depositing a second interlayer dielectric
| ayer on the first conduz‘#ﬂ"v&%trace and first hard
mask | ayer. 2. The netho A ai m 1, wherein each of
the first hard mask layer and the first interlayer
alel ectric layer has a dielectric constant val ue of
| ess than about 3.2. 3. The nethod of claim2, wherein
the dielectric constant value of the first hard mask
1. | ayera anghddiBorhprisihg:i nterl ayer dielectric |ayer are
approxi mately equal. 4. The nmethod of claim2, wherein
the dielectric constapt val ue o{ﬂthe [ir t hard mask
| aleRosking a frst inferlayer digleqinia jAver bavdneray dielegipicconstanty
a range fromabout 2.4 to about 3.2. 5. The nethod of
cl @gﬁﬁsﬂtingfau{‘ifsh@arrd RGP [dys} M inY AW didlebiclcdBsthntiontthe first
conductive trace and the first hard mask | ayer so the
first hinterlaygsdiclegtyisrlaypis a top surface substantially
flush with a top surface of the first conductive
tr . . i i: Si
e ingn SIEh A1 nEU R fayel 1 Sty BT RE G e
and t hedebwormdayert er | ayer dielectric layer is
deposited on the first hard mask | ayer and the cap
| ayer .. whi.ch is.on th LSt co tive trace.7. The
ne %Hn%? h{:slt &eﬂ‘ihl‘,“ t}%;%EEngper a@?fp&?téf&ﬁﬁﬁa}'&t&posi ting a
second hard nask | ayer on the second interlayer
di degsitinga firsyendudtivertiacg irathe ofeacti;agdi n t he second
hard mask | ayer to expose the second interlayer

 noereeipe ssponntr Reen et iar o ol sagaietS race and firs

conduct hy®@ nfask lhyert he via hole to forman electrical
connection wth

Icl

2. The method of claim 1, wherein each of the first hard mask layer and the first

interlayer dielectric layer has a dielectric constant value of less than about 3.2.

3. The method of claim 2, wherein the dielectric constant value of the first hard

mask layer and the first interlayer dielectric layer are approximately equal.

4. The method of claim 2, wherein the dielectric constant value of the first hard

mask layer and the first interlayer dielectric layer is in a range from about 2.4 to about 3.2.

5. The method of claim 1, further comprising planarizing the first conductive
trace and the first hard mask layer so the first hard mask layer has a top surface

substantially flush with a top surface of the first conductive trace.

6. The method of claim 1, further comprising depositing a cap layer on the first
conductive trace, and the second interlayer dielectric layer is deposited on the first hard

mask layer and the cap layer, which is on the first conductive trace.

14
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the first conductive trace. 8. The nethod of claim1,
wherein the first hard nmask | ayer conprises between

wW@bwan2389% and about 20% silicon. 9. The net hoPCD1S2005/027178
claim1, wherein the first hard mask | ayer conprises
about 16% silicon, about 77% carbon, and about 7%

7. oxyg:,gl%e ‘}‘gthf’@oggl\g“g?ﬁmgﬁﬁ%@ﬁ?‘&a first interlayer

di el ric Fayer W e and having a | ow
dielectric constant; a first conductive trace

exidepubiting adecomhisdrd pausk laykt gn thetsecandenteilaystr dial¢ctri¢ hyer;
dielectric layer, and having a top surface above the

top surface of the first. interlayer dielectpi aver.:

+ *Rortithe A Porin 8, epe e sR ¥ e il M Shertayer
const anidigMdific Ryé9p surface substantially flush with

the top surface of the first conductive trace; a

second interlayer dielectric layer.aon the first
cotng Qé“atl?‘i%é’ tgﬁgr?ti"}tgrtlaw?éij’&}/el’iﬁ?glaYeéy , and havi ng
a top surface; a second conductive trace extendi ng at

| e@8posiigld @riductivetyia ftBie SRARIEI O fBE bh @)eetricd] &In@eétidnowith
| ayer, and having a top surface above the top surface

of the dexiisticandietivedyase. di el ectric |ayer; anda second
hard mask |layer with a top surface substantially flush
wth the top surface of the second conductive trace.

8. 11. Thee method of elpire [ avherem, the first hand reaskpayes cogpeses dstween

abo&taﬂ()e/ga abtonfzé‘%rsﬁfco onducti ve trace, between the first
conductive trace and the second interlayer dielectric

| ayer. 12. The device of claim 10, wherein the first

g, hard fﬁé&elheg B glgggf 1%%&'199;%& RSLMESR 1802 UbmBA%s about 16%

angstrons an angstrons.
silicon, about 77% carbon, and about 7% oxygen.

10. A device, comprising:

a first interlayer dielectric layer with a top surface and having a low dielectric

constant;

a first conductive trace extending at least partially into the first interlayer dielectric
layer, and haQing a top surface above the top surface of the first interlayer

dielectric layer;

a first hard mask layer having a low dielectric constant with a top surface

substantially flush with the top surface of the first conductive trace;

a second interlayer dielectric layer on the first conductive trace and first hard mask

layer, and having a top surface;

a second conductive trace extending at least partially into the second interlayer
dielectric layer, and having a top surface above the top surface of the

second interlayer dielectric layer; and
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13. The device of claim 10, wherein the first
interlayer dielectric layer has a dielectric constant
woaloae2me] the first hard mask | ayer has a di eP@DUS81005/027178
constant value within about 0.5 of the dielectric
constant value of the first interlayer dielectric
| ayer . The C
o Bresopf Per LR G PR bpsffafS) fsh Mth he top surface
di el ect bfmelsaetmﬂoaﬂ@hohhetrbcer.st har d mask layer is in a
range from about 2.4 to about 3.2. 15. The device of
claim 10, wherein the first hard nmask | ayer conprises
11. CEWDQTI&Q&vhﬁtdﬂeﬁﬁtnabpﬁmh&%namdiw 120F0onithé fishcoribfictive
The device_of claim 15 the first hard.npsk
tracq Rgaicet TS LRa R s B S End SRR AeCis B
and about 7% oxygen. 17. A devi ce, corrprisi ng: an
i nterl ayer  di Iectrl c | ayer a hard

12, e Thedevics,T i 1B, whetipahe FrChedmisk ey Bes 4 1isKims
betwREh B 206 Elgs?roﬁﬁlaﬁgﬁ%uttlbgo hRudHkf ace of the

interlayer el ectric |ayer conductive trace at
| east partially surrounded by the i nterlayer

13. di el epd defide@dY €laim20IwhERInGHhE ﬁi%@ ﬁrheﬂle{}/ér B@[e@trfﬁﬁi‘er'lﬁy gr
and the interlayer dielectric layer have a dielectric

dielestrirsecmstant/edlugeansk the Gsst handanasésﬂm hgs adiekctriveongtant vadue

wio PO ot o6 el &

The deV| ce of cI aim1l7, vvherel n the first hard nask

| ayer 9 s t 6% 2704 ¢
“and aps ‘{Q 237 e(rw féral Sﬂi% dreh Oélgwg%%gt%mjaﬁem&@? Btst
mtet\Myéf &e&cﬁftﬂaﬁ@ﬁdd tlid fret liard anmsh kyeristinp rage ffaneatdur 24 to

the top surface of the first interlayer dielectric
aboytdar . P Y

15. The device of claim 10, wherein the first hard mask layer comprises comprises

between about 10% and about 20% silicon.

16. The device of claim 15, wherein the first hard mask layer comprises about 16%

silicon, about 77% carbon, and about 7% oxygen.

17. A device, comprising:
an interlayer dielectric layer with a top surface;

a hard mask layer on the interlayer dielectric layer having a bottom surface

adjacent the top surface of the interlayer dielectric layer;

a conductive trace at least partially surrounded by the interlayer dielectric layer;

and

wherein both the hard mask layer and the interlayer dielectric layer have a

dielectric constant value of less than about 3.2.
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21. The device of claim 20, wherein the hard mask
| ayer has a top surface substantially flush with the

wo opomed2face of the conductive trace. 22. The BPewuUsm09627178
claim17, wherein the dielectric constant val ue of the
interlayer io dielectric |ayer and the hard mask | ayer

8. 2, R 32, Fhars o JEAR 6 Ch B fevee

aboud ROUt andBoat A kidieBn.and about 1000 angstroms 24. The
device of claim 17, wherein the dielectric constant

val ue of the |nterlayer dielectric layer and the hard

19. mask TiRY®NideDfichid 17aRBérein theTitdpBatd rdask 1ayer abmpiise3.aBout 16%
5 25. The device of claim17, further conprising: a

- silicew @bt 775 exrbasand abeitd® PX¥EeNayer on the conducti ve

trace and hard mask Iayer and having a top surface; a
second hard nask | aye he second interl ayer

20. gj el etherdeyicef elairndflh w@eramﬁb% EQKAuSiYe thacs hagp mf% above
the téggur'fé&af Congtk?la?&fiﬂéléc&lmagé} ayer dielectric |ayer;

a secon uctive trace | east partially
surrounded by the interlayer dielectric layer; and

21, Wher efdﬂ% &Q/E@ o2k la'irﬁg T‘%ﬁ&@ﬁ*m tﬂ@fnﬂd'ﬂ?a%ﬁ 1&5}%)6/1 ﬁ5d§| é;{bg shif¥gce

second i nterlayer ectric layer ctric
subscamtigliyafltishraith Ghe(rbp arfaetofi the cabduntive tiace.

22. The device of claim 17, wherein the dielectric constant value of the interlayer

dielectric layer and the hard mask layer are approximately equal.

23. The device of claim 17, wherein the hard mask layer has a thickness between

about 200 angstroms and about 1000 angstroms.

24. The device of claim 17, wherein the dielectric constant value of the interlayer

dielectric layer and the hard mask layer is in a range from about 2.4 to about 3.2.

25. The device of claim 17, further comprising:

a second interlayer dielectric layer on the conductive trace and hard mask layer,

and having a top surface;

a second hard mask layer on the second interlayer dielectric layer having a bottom

surface adjacent the top surface of the second interlayer dielectric layer;

a second conductive trace at least partially surrounded by the interlayer dielectric

layer; and

wherein each of the second hard mask layer and the second interlayer dielectric

layer has a dielectric constant value of less than about 3.2.
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