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Background of the Invention 100011 In a mcroelectronic structure, such as a
substrate, conductors, such as vias and 5 traces, carry signals between

| ayers of the substrate or other structure. The vias and traces by |ayers
of diel ect YEXN¥Y%E1al s. Low dielectric constant ("k vaPGEUP2R%EIBal s are
used in the layers of dielectric materials between the conductors to reduce
resi stance capacitance ("RC') delay and inprove device performance. During
fabrication of the substrat ENDEGRATED LOWKHARD MASKcrificial high k val ue
hard mask | ayer may be used to pattern trenches 1o and holes. The high k

val ue hard nask layer is then renoved to keep the k value low. Brief
Description of the Drawings (00021 Figure 1 is a side cross sectional view
of a device with a |low dielectricpaeigirdtinp ("k value") hard nask |ayer.

[ 00031 Figures 2a through 21 are cross sectional side views that illustrate
how t he Bsc 3’uin %fm‘elﬁ,egl (£ 1 may be fabricated. [00041 Figures 3a through
3d are cr i views that illustrate the hard nask nay prevent

formati on voi ds from,unl anded via holes. ;100051 FEi gure illustrates a
et am ¢ iy 01 37 bt RRR et b o8 8 sy hfralS eonld Sy bvEAT 06063 | 1
vari ous enbodi nents, an apparat us.and thod rel ati to the fgrmation of a
cubstr At o TATS ABY SINBRACTTR [2Hers ph e SHIHEC AL tbeT PrionRe: TheViaiAndabesai ment s
will be escri bed. However, one skilled in the releyant art wll recognize
that tre DEVESOT SIABH MRS R HeleHre coTABC K NG e IO Fetckn o U he
specific details,. or with ot, eli) 1 ] .

the layers of dielectric materials between the conductors to reduce resistance capacitance

(“RC”) delay and improve device performance. During fabrication of the substrate or

other structure, a sacrificial high k value hard mask layer may be used to pattern trenches

10 and holes. The high k value hard mask layer is then removed to keep the k value low.

Brief Description of the Drawings

[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 2I are cross sectional side views that illustrate how the

15 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

20 [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



WD 2006/ 023255 PCT/ US2005r 027178 net hods, materials, or conponents. In

ot her instances, well-known structures, materials, or operations are not
shown or described in detail to avoid obscuring aspects of various

enbodi nents of the invention. Simlarly, for purposes of explanation,

speci fic nWHEPEIB2 Nt erials, and configurations are sePCHYPIRAAy der to
provi de a thorough understandrng of s the invention. Neverthel ess, the

i nvention may be practiced without specific details. Furthernore, it is

under st oochetHods, mdfeialsaot @untpoaehiadinrotive insthessywelikidven Sthgturess mategials,
illustrative representations and are not necessarily drawn to scale. 100071

Ref er enceot &ﬁeﬁuﬂﬁhmfé nb¥howa [0€ desciibel ih detail € avaidtotstilrii a3pdtts’ ofosariowmn
enbodi ment” neans that a particular feature, structure, naterial, or

char act er esbbdimbts S£&E ilvRRSbr. 'BifmARNME Eér pArfposdstdT ek;bl@naﬁ%h%bﬁﬁ@huﬂnﬁerh ncl uded in
at |east one enbodinent of the invention. Thus, the appearances of the

phrases " infyPaR, £IARSHERMions Qfe set fortA T ordEhie ‘Btdﬁ”déta thbt‘bugﬁﬁh&‘@axﬂh
t hr oughout this’ specification are not necessarily referring tot e same

enbodi FentyeQfivenfien. | HXRRARLIER; E‘r’r{vte%r{m{tﬁbe ﬁrE@rcP@Mth&Mlsﬁémi‘{l@@&Hfses

structures mat erra%l‘% or c aracteristics may be conbined In any suitable

manner Bﬁﬁenngthen}? Fseudgl?rs?om% HReVatious e%gﬁﬂne %rshSWr? npfl)l@ eQ B wll be

descrrbed as I'screte operations 1 n turn, nner that i s nost

hel pf ul Ehusﬁ%fgfrtsr{fﬁe t(%g%&s%%da%v théc@ﬁsa{lwo wre{o,scglhe order of description

shoul d no ese operatrons are necessarily
order rt| ul hese ratrgns nee .no,,be‘ erforned in

t he order?@l{dqgo pr g‘feitﬁﬁ’ aﬁ%g@ﬁsr’ﬁf@ onfo; cglea?r@ g'ém@& o¥s®ectional view
of a device, 1 vv;th a |low dielectric constant "1k val ue"). hard mask | ayer,
accor di ng SPBoYmENte SRS pagiic artée*tt'rrrféml%tr magleyal, gr ataétetlétbc may include a

first interl aa? dielectric ét'{el LD") er 102. The first ILD layer 102 nmay
conpride fescpbheddngannsstion with rq“lboﬁ‘r!ﬂeé is dfcluded ingat Ieashensi smhedimenkef k val ue of

the the invention. Thus, the appearances of the phrases “in one embodiment” or “inan

embodiment” in various places throughout this specification are not necessarily referring
to the same embodiment of the invention. Furthermore, the particular features, structures,
materials, or characteristics may be combined in any suitable manner in one or more

15 embodiments.
[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

20  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

25 first ILD layer 102 may be below 3.2, In another embodiment, the k value may be below



25 first ILD layer 102 may be below 3.2. In another enbodinent, the k val ue

may be bel ow 2 WO 2006/ 023255 PCT/ US2005/ 027178 3.0. In another

enbodi ment, the k value may be between about 3.0 and about 2.4. In yet

ot her enbodi nents, _the k value may be different. The dielectric material of
N

the first ¥ 102 may conprise a carbon doped oxfHEUERHEI® silicon

di oxi de (either undoped or doped wth phophorus or boron and phosphorus, or
anot her dopant), silicon nitride, 5 silicon oxy-nitride, porous oxide, an

or gani ¢ c8t dn anatker smbpdiment stiedevalue payl Berhetweepaboui 3t andrabputi %4.i lalyet [ 00101
There may be a first hard mask | ayer 104 on the first ILD |layer 102. The
first hacthenembodimerds, theddvalesmaybepdifferenta Thewidtectrid materialadf ¢t finsciLiat er i al .
In some enbodinents, the k value of the first hard nmask | ayer 104 may be
appr oxi malaykey12heayscomeprite a agrboidoped waida € ‘CHOHhelidanrdoxidd Eitherymdorkd2, whil e

I n other enbodiments the k value of the two |layers 102, 104 nmay be

di f f er ent or feped sithrphophorusordorenrdnd gphosphorus,top endthar alopantp kilichenitridey st har d
mask | ayer 104 nmay be within about 1.0 of the k value of the first ILD | ayer

102.  Isn gilice&6LhifiRIR, porbiiktoxidey ad tigarit cérlisining kdicomaxide, Mmlkyrhedysdr 104 may be
Wi thin about 0.5 of the k value of the first ILD | ayer 102, although ot her
di f f er encggoth@tnmeainlt he k values of 15 the two |ayers 102, 104 may al so
exi st in other enbodinents. In an enbodi ment, the k value of the first hard

mask | ayejooh@f MeheRendByeleoN¥irdt Kard hﬁsl@lﬁ%rh@ﬁ oft HRAHSTED IaydrN82 KThe/fidstie MRy be
bel ow 3. 0. In another enbodi nent, the val ue may be between about 3.0 and

about 2. 4 arinRtayt [ mE ORI R Gy VRe HiclkBlrdndfal Dfy pld erent . 10 some

enbodi nment teria I rst hard mask layer 104 may be

cormes L bbbt FOLSHOLEE e GR HBIRo B gkt [
L0t 5 BRI R TOR P 50 oy g bRl e 102
two layers 102, 104 may be different. For example, in an embodiment, the k value of the
first hard mask layer 104 may be within about 1.0 of the k value of the first ILD layer 102.
In an embodiment, the k value of the first hard mask layer 104 may be within about 0.5 of
the k value of the first ILD layer 102, although other differences between the k values of
15 the two layers 102, 104 may also exist in other embodiments. In an embodiment, the k
value of the first hard mask layer 104 may be below 3.2. In another embodiment, the 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
20 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,

25 the material of the first hard mask layer 104 may comprise below about 20% silicon. In



104, though in other enbodinents the etch selectivity of the various
materials used for the |ayers 102, 104 and for various etching processes
may be different. In sonme enbodi ments, 25 the nmaterial of the first hard
mask | ayer 104 may conpri se bel ow about 20%silicon. In 3 WD 2006/ 023255
PCT/USZOOSWU%#T?83”§OHE enbodi ments, the material of thECTUSHOSHARIE mask
| ayer 104 may conprise between about 10% and about 20% silicon. In sone
enbodi ments, the material of the first hard nask |layer 104 nay conprise

about 16%s&hé eiedtlimenis) ke rhdtpislf BRfirsthadl aikuiyer Y04 dxy gériprise Hefkbdl The
first 1LD layer 102 may have a thickness 112 and the first hard mask | ayer

104 may haysut 20%hang kb&s 20%Ricoh NIrPgonRreabAbinfRLs, the Meatdrial 6f thB&irgd hamsk | ayer
104 may have a thickness 110 between about 100 angstrons and about 1000

angst r ons makia Z&Oltoh%a y Rpasd 280t 16% Bificéd, a6dut MPGardea karldawed: 204 may have a
t hi ckness 110 tween “about 200 angstroms and about 1000 angstrons. In yet

ot her enbg Q*%gnts the thickness 110 of the /o first hard mask | ayer 104 may
be greater an 1000 angstroms. In sonme enbodi ments, the thickness 110 of

e 11 SRR, 3B chAED 1A e P R, PO s BECKDERRU AT 1 e
”‘Isz ?b thﬁbf%gatglﬂfi gi’éiﬂ.agiéwé?;ﬂﬁﬁ‘l Lfﬂﬁha*ﬁ%sz*{r‘ 4 ngz yer 104
zlrjgi an?lcgd Weﬁsc{\g;’gqueﬂé %\}tg{r)]er ﬁ?mfwﬁnagﬁﬁﬂdﬁéﬁe 59«?:;5 hardei(mkt Ioayer
101y habEoBieft by PO i) i Bl
such as t eagwemseR Aput F0rangironts, fn ygtagher emb%d"aﬁwgﬁe thickagsSAP af Wis k | ayer

104. The traces 106 may conprise a conductive 20 material such as copper,
al umi nigm fisst harﬁonqﬁkﬂayﬁal%mw be greater thape KO0 ppgstremy. &y sesmpierpodiments, the

thickness 110 of the first hard mask layer 104 may be as great as the thickness 112 of the
first ILD layer 102. For example in some embodiments where the k value of the first ILD
layer 102 and the k value of the first hard mask layer 104 are similar, having a large
thickness 110 of the first hard mask layer 104 relative to the thickness 112 of the first ILD

15 layer 102 may not substantially increase the k value of the combined layers 102, 104 to
create RC delay problems. In other embodiments, the first hard mask layer 104 may have
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

20  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. Thé trace 106 may also have a top
surface that extends above the top surface of the first ILD layer 102, In an embodiment

25 illustrated in Figure 1, the trace 106 may extend through the first hard mask layer 104 to



| east 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

| LD | ayer 102. The trace 106 may al so have a top surface that extends above

the top sutYh8EP?Phe first 1LD layer 102. In an embodPHENPZEY4  Bust r at ed

in Figure 1, the trace 106 nay extend through the first hard nmask |ayer 104
to 4 WO 2006/ 023255 PCT/ U52005/027178 result in the top surface of the
trace 106 r¢suit frythe tapssurfaed efithg/trade ) 86 boing substaatialkyflush withdbe top surfere of i r st hard
mask | ayer 104. In other enbodinents, the trace 106 nmay be arranged

di f f er ent Ithe firstchardipaskdayess 0bnkh othdr embediggytsthe tagsh O6imeayrtierasmangesr d nask | ayer
104, or not extend into the hard mask layer 104 at all. 5 [0013] In sone
enbodi nentd#fferdntigraed may nbeexéendatl thaway thidigh the firktchatdmpaskuryaxd€4,adr nbhe trace
106. The cap layer 108 may be a thin conductive |ayer that nay act as a
barri er | ayteiid intcthp hedemdsk ddyef LGS avallor el ectromigrati on of the material of
the trace 106. In an enbodi nent, the cap |ayer 108 may conprise cobalt,

al though i[0018Ry QdRBHNKE EbediMerits, theré fial B¢ & caplapdr o8 oft HiOE) SEMfce of he [ 0014]
There may be a second ILD | ayer 114 on the first hard nmask | ayer 104, trace

106, and/ efaceFI®, IThERap hY& 108hfay3RGARH cohdiclivy/RYer A mElYacCAEBanSe |8yet OW K
mat erial such as described above with respect to the first ILD | ayer 102.

There may (Dredent AFRRIHN RAE”ctrdMiglatioR b the nhRralofithersRa08dd &P | ayer 114. The
second hard mask |ayer 116 nmay conprise a low k material such as that

descri bed .aRg¥G e H cngﬁﬁgf?%ga k&ﬁ'lgt’lhé &)tbaiﬂaarltﬂoﬁgfﬁsikmgg g&rgrgﬁs&eoii%%- The

t hi ckness of the $eco yer 116 may al so ri bed above
W th respgr%tt rhafd ihpﬁle;élﬁ&; Dasgd mask layer 104. [0015] The device 100 nmay
1 onduc '

i ncl ude a ronal ¢ ors, such as trace 120 and via 118, in the second
LD Tayer dohd) 2ndhfe REFO sl AL T RYer 1Y 85 b HRet nhFAGEK 1372 168 €
106, and/or cap layer 108. The second ILD layer 114 may comprise a low k material such
as described above with respect to the first ILD layer 102. There may be a second hard
mask layer 116 on the second ILD layer 114. The second hard mask layer 116 may
comprise a low k material such as that described above with respect to the first hard mask
15 layer 104. The thickness 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
20 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

25 layer 114 may partially surround the via 118, as illustrated in Figure 1. The via 118 may



second ILD layer 114 may be simlar to the traces 106 in the first ILD | ayer
102 described 20 above. [0016] Vias 118 may extend all the way through the
second ILD layer 114 to nmake an electrical connection with traces 106 or

ot her conductors below. As with the traces 106, 120, vias 118 may conprise
a conduct i V¥ H8¥&B2H such as copper, aluminum or anot HET/US?PQ?/(WY@I. The
via 118 nay extend into the second ILD |layer 114 so that the second ILD 25

| ayer 114 may partially surround the via 118, as illustrated in Figure 1.
The vi a 1h8vewtyp sirfAdOtid 6803 2B6E thCD BT S (R 5edAd IhBMayea 11 4plnsur f ace t hat
extends above the top surface of the second ILD | ayer 114. In an enbodi nent
i Il ust r at echbbdimienigilusgrafed ih Reguve B tHelda irb8/mex exaerd thiough e se¢vmddacdmakkhar d mask
| ayer 116 to result in the top surface of the via 118 being substantially
flush wi t ltayeheld topesult i thacep sirfatdief thevian s beinglsubstaktidlbyfarsh With. thé wpot her
enbodi nents, the via 118 may be s arranged differently and may not extend

al | the wayrficklopthdRedon@ ha@GRAL 143Rf t6THA bthePMBBodirhdifis, thy viR Q18 4y ead into the
second hard nask layer 116 at all. Vias simlar to the via 118 may al so

ext end st hrgughqtatteerdrtlfyShd bl nbd@ind i@ 3n&REY BFoulsh 1Rt sebsHdhaf®mssd 1Byer 104.
[00171 There may be a’cap | ayer 122 on the conguctors 118, 120 of the second

| LD layend1fnotldX&enfdRo ltl@’s%&orﬁ%cf‘ﬁﬁ(skhﬁ;;ei 'llqu]ét%gl §8ad 511538 tﬂea\MﬁlSlPs

descri bed above. /o [00181 Figures 2at are cross sectional side

views t haﬁnég'aﬁs‘d%&{eﬁ%@é% tﬁ@ﬂl};st gh@'eiagé' 159 Qn@br fisOMHr & n&sﬁTFgSJi@ff abri cat ed

according to one e nt o resent 1 nvention. "Figure 2a

| ustr atqgyhe a8 d 8%l 092 oo BE chiduSlord 1R IRVG Q2o PO, 21 OW K

val ue nmateria e n-sone € hent s, rst ILD | ayer
one or - moteer £y ean R R 0es S o ek IR e R i uct T ng

mat erl %l ’ [b&l%ﬁ” atﬂiglgesnﬁttg;(;u% 21 are cross sectional side views that illustrate how the

device 100 of Figure 1 may be fabricated according to one embodiment of the present
invention.

[0019]  Figure 2a illustrates the first ILD layer 102. The first ILD layer 102 may be a
low k value material, as discussed above. In some embodiments, the first ILD layer 102

15 may be formed on a substrate (not shown). The substrate may include one or more layers
and devices. The substrate may include 'conducting 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.

20 [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

25 photolithography methods, including depositing a layer of photoresist, patterning the



sem conducting material, and other materials or material conbinations. For
exanple, in one enbodi nent the device 100 may be a m croprocessor die and
the substrate may include many mllions of transistors. 20 100201 Fi gure 2b
[ he f|r t hard mask | ayer 104 deposited on the first ILD |ayer

| | ustrat
HOZ?STLg ?ﬁYQ?mﬂ@%ﬁ Srask | ayer 104 may be a materi al asp&gg@ﬁw8@ﬁ7gbove

with a thickness also as descri bed above. [00211 Figure 2c illustrates the
first hard mask | ayer 104 after it has been patterned, to forma patterned
first har dhotesdsist, hearera@dng portiopsaafitles finsthprdmgskayend A4 oo dahgbycdavered by

phot ol i t hography net hods, including depositing a | ayer of photoresist,

pat t er ni nghd pletor&isnOIOaR/ eitidd BrenBCAH SSHOHBOERT, SUéh agphdteoriead esh, t hen
renoving portions of the first hard mask | ayer 104 no | onger covered by the

phot or esi Processorsputter ewch pebicesnhay, beasedfottinog pottius 9§ thedirstthagdmaskdbyeri cal
etch process or sputter etch process nmay be used to renove portions of the

first hardosesformabyeesattedied fitsd hirdmiask bge202! & Stk dhbcdliméras, bet@rSkiheayer 202.
In some enbodi ments, because the s first hard mask | ayer 104 covers and

protects tfiig hfafdrﬁisklliﬁrh@d&fveﬂs%d@kﬂtéc’i&lh@h@i Hﬂ?ﬁl'y&tlm%\’lﬂk?ﬁ&ﬁﬂbstand renoval
processes, such processes nmay have little to no effect on first ILD

llayer 102. deiré]gﬁmedt B PRI vATTRALLITE Rhiéh pré@dsied Uiy Badd ﬁt’il@% nPERERbR ST
mat eri al s hot or esi st ‘patterni ng processés may be used w t hout

requiring qugte 'er %%mt ius, e | érﬁﬂcfd%cntts}"?arfdug QFE&WPh@tXﬁElsmgteﬁﬂs be

conmpatible wt resi st and photoéresist 10 pfocessing steps. Al so,

in some e@ﬂ@gh&fﬁ%&& ﬂéﬁ@m@{g &E&fcg{eh@& bpageq Wﬁmﬁﬁt Je@}‘%%i‘n%h iy first ILD

| ayer 104 ow ‘use ayer Sl st attern what

Wil eve n&]a"f ai?;f tlﬂg rt;l(r)s? oreéa%'nfj { totbr %&%Baq%ll tl; &% P n%to%%ls %rB ;fho Ordsi 02. The

use of at ner Teatures in
the fiyst gr{cgsﬁ"gsgqpslggs ]w%gﬁlem@o 70 AL L RO G0 {07 e 11
first ILD layer 104 may allow use of a thinner layer of photoresist to pattern what will
eventually be holes and/or trenches in the first ILD layer 102. The use of a thinner
photoresist layer may allow formation of finer features in the first ILD layer 102.
[0022]  Figure 2d illustrates trenches 204 formed in the first ILD layer 102. Inan
15 embodiment, the patterned hard mask layer 202 acts as a mask to remove selected portions
of the first ILD layer 102 to form the trenches 204. In some embodiments, the photoresist
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
20  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.



15 enbodi nent, the patterned hard mask | ayer 202 acts as a mask to renove
sel ected portions of the first ILD layer 102 to formthe trenches 204. In
sonme enbodi nents, the photoresist layer may renmain in place on the first
hard mask lv%?r{g /%291 during formation of the trenches 204, while in other
embodi nent s §U%ASt oresi st | ayer may be rermoved prior FESUSEYMIHETon of the
trenches 204. In an enbodi nent, an etching operation may formthe 20
trenches 204 in the first ILD |ayer 102, although other processes to renove
material 0QA t Hdgure 2eillupratey alasriergyzr ﬁ%thyen@s@ﬁemsweéﬂmﬁhen@neheénches 204.
The illustrated trenches 204 extend only partially into the first ILD |ayer
102. | n oi2fAér Inseme¢mbedimentshabaszierlayer ¢0Gmay heidenssitddin thedranghes 204ttend al | t he
way through the first ILD |ayer 102 to any |layers or devices below the
first | LDhelpypeevedtdiffusiondd d0iond nddstal Bpositddan s/ teeaghiesanto [tIORSUILEY gur e 2e
illustrates a barrier layer 206 that may be deposited in the trenches 204.

I n some endyerllomenhsthefembadimerts, ladyat layd tnayty depositepimsthe eendhes 204 t r enches
204 to help prevent diffusion of additional material deposited in the
trenches iiktead ohthebhiriet laybrl206lonyieadditida. to the bairiee layenosdiTHeRb&d lagersgd | ayer
may be deposited in the trenches 204 s instead of the barrier |ayer 206 or

i n addi ti ®8alcondudBvdiaydrithit nlag¥Hbw fOPexahipie, SREEoPIAMR 0f BB uctiee MateQa1duct i ve
| ayer that may allow, for exanple, elect ropI ating of conductive material on

the seed loa¥iRsseed Ry#eln %tmﬁ{erQﬁb&ﬂheﬁﬂtaﬂdlt@ﬁtﬂ'liye%r}ﬁiy BANKPbsitedBY thge deposi t ed
in the trench 204 in addition to or in place of the barrier |ayer 206

and/ or s eqinli2iAlin bl dFhoaE: dHind gl 896 deforS0Dfl] Ve {races 106

t hat have been for In the o trenches 2 scussed above, the
duct i t

b ur num T00%4 ﬁﬁ?ﬁéﬂng*ﬁ%?tfaz%“ﬁ% ﬁ&d&tfvg“%&‘ﬂ*e’%&af PRy Yok torpBd o%‘isaf."ﬁgeér
th t h d

? R?oug nehey %¢ cugg;:aO%\g? Scom%ﬁﬁ%t?aece?%f)a %zor%‘;re? i %‘cpve addl tion

to or i n material, such as copper, aluminum, or another material, that may be deposited by

electroplating or another method. In some embodiments where holes are formed all the
way through the first ILD layer 102, one or more vias may be formed in addition to or in
place of the traces. In the embodiment illustrated in Figure 2f, the traces 106 extend

15 partially into the first ILD layer 102, and are thus partially surrounded by the first ILD
layer 102. The top surfaces of the traces 106 are above the top surface 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

20 (“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



pl ace of the traces. In the enbodinent illustrated in Figure 2f, the traces
106 extend is partially into the first ILD layer 102, and are thus partially
surrounded by the first ILD layer 102. The top surfaces of the traces 106
are above the top surface of the first ILD layer 102. [00251 In sone

embodi ment YO W2 ¥epositing the material to formthe PFRUSWOHPREIT8,

pl anari zation process nay be applied. This nay be a chem cal nechani cal
polishing 20 ("CWP") process or another type of process, and may result in

t he top sembadimentfthe bgp layerc®8 may@6mbasegbalt)laBhaughiitshdycdmprisk othiet h t he top
surface of the first hard mask | ayer 104. [0026] Figure 2g illustrates a cap
| ayer 108niateaitlsh@sthbedibodanagd.t ed on the traces 106. As described above,
the cap |ayer 108 may be a thin conductive |ayer that nay act as a barrier

| ayer to progy nt ukd USTIREra2¢s thé fLEXOIDILPEri 108 férnel BE tHEpfiref hatd maék t he trace
106. In an 8 2006/ 023255 PCT/ US2005/ 027178 enbodi nent, the cap |ayer 108

My CONpr 156 RARAY tracR OB HGHB ﬁ'rstt DB Yaye 102! ITHE s€oREILD n@reel | Ay b&a Ot her
enbodi ments, [0027] Figure 2h illustrates the second ILD Iayer 114 fornmed on

the first nﬁfbﬁgl 4 or 1@%95alwgie?rﬂl@er{a[ Qﬁﬁéﬁﬂspﬁ,ﬂ fbyExhﬁ)Zf iAsSked fnRiggyer 102

The second {ﬁgyer material simlar or identical to the
Ll 19%95%“3% 30, B BRI R BRSOl 20
P25 o, B 6 kD 4 oSO A0, L 1 BEEOIA B Ot 00
T T R
o L 0, A AL S oA AP 0
for t h/% f III[I% anglfi lrlcélt TJ[‘%E Iéecloﬁg Eard%?a@k nggrhl lr6ensla%/eb%ta mz?tenal similar or identical to
the material of the first hard mask layer 104, as described above, with a thickness also
similar or identical to that described above for the first hard mask layer 104 with respect to
the first ILD layer 102.
[0029] Figure 2j illustrates the second hard mask layer 116 after it has been patterned,
15 to form a patterned second hard mask layer 208, with a via opening 209 through which
material of the second ILD layer 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
20 114,
[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

25 the first ILD layer 102 during formation of the via hole 210 if the via hole 210 is



the first ILD layer 102. [0029] Figure 2j illustrates the second hard mask
| ayer 116 after it has been patterned, 15 to forma patterned second hard
mask | ayer 208, with a via opening 209 through which nmaterial of the second

| LD | ayer 114 max be renoved to forma via hole. This patternig{g}s7 may be
performed "W MME%S24e way as the patterning of the firsPCRASHOMBIKT ayer

104, described with respect to Figure 2c, above. In Figure 2j, the
patterned second hard mask |ayer 208 has been patterned to allow fornmation
of a via holardedhTheggrondbard awmsk thyérd ID6Inzayahen te(pattdrbed pEABR] opeh folegin2k
illustrates a via hole 210 and a trench 212 fornmed in the second ILD |[ayer
114. | n athessdvndiharithasktidyer pra toallowdorneatidn nbisénchesy2dR iR €@ sacdnd IBB a mask to
allow renoval of selected portions of the second ILD |ayer 114 to formthe

via hole &]y@l:ll-ﬁhe\bafrﬁéfidnd)babdleffﬁ?&(sl)ﬁib@ﬁhol&@énﬁ?)be&@ineﬁﬁn&1@vﬁdl@dle stop | ayer
to prevent renoval of material o 25 the first ILD layer 102 during

formati onapd/otth@cp. hole 210 if the via hole 210 is 9 WO 2006/ 023255
PCTI US20051027178 unl anded. The second hard mask | ayer 116 may then be

pat t er ped [(ﬁﬁ@i“ FQROENIIRRHES thebonlRiFive B&QNB02AY the s Kid @Y@favd d&nt 0 al | ow
formation of trenches 212 in the second ILD I|ayer 114. A barrier and/or

other lay ‘?Mln%b E(ﬂﬂ??rex?éﬂx%l)afﬁ%é W% 510! %%iécﬂsg&&‘@oo%,athé‘%@e %%%ng ﬂ%‘l{l r trench

212. 5 1003 Igure 21 1l1lustrates the conductive trace e via 118

2, e 35y O ROl ol sees,
sueh =5 S0P Shy sF AT oRRBHAET RSt IFS PR BRTERRRIRCC, O
ORI SRR, SN o AT T R
the t rl%ce p%r%igll)l' ssurrounded by the second ILD layer 114. The top surface of the trace 120 is
above the top surface of the second ILD layer 114. The via 118 extends all the way
through the second ILD layer 114 to make electrical contact with the trace 106 in the first
ILD layer 102. Vias 118 may also make electrical contact with vias in the first ILD layer
102, or other conductive structures.
15 [0032] In some embodiments, after depositing the material to form the trace 120 and
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.
20 [0033] A caplayer 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

25 present invention. An unlanded via hole is a via hole that is formed that extends laterally
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above the top surface of the second ILD |ayer 114. The via 118 extends all
the way through the second ILD |ayer 114 to nmake el ectrical contact with
the trace 106 in the first |ILD layer 102. Vias 118 nay al so nake el ectri cal

contact w i In the first ILD layer 102, or other lve
structuressvnl)go@%ggl In sonme enbodi nents, after deposi f’f%ﬁ@(g?“rcqgoﬁﬁseri al to

formthe trace 120 and via 118, a planarization process may be perforned.
This may be a chem cal nechanical polishing ("CWMP") process or another type
of pr ocesbeyoad thesige pfthalconduator hithe bastomuefithe wiadble. dmesuchrcases, pztiorarod vi a 118
bei ng substantially flush with the top surface of the second hard mask

| ayer 116 theafatdrid) 88k to\theapndustor may D2 removietl deavimg ¢ high aspect rmtie hole ®8loway be

deposited on the trace 120 and/or via 118. Figure 1 illustrates an
enbodi mentheshtehdedudepthaf tisepvid hyle and AX04le Eongucters Whert donductiveInhteriadiscr 0SS
sectional side views that illustrate how fabrication of the device 100 of

Figure 1, dépdshlectinlivy ¥la hBigktht high asaiatis hold maly &6 éoo d8RY andh&v@nto Beor mat i on of
voi ds from unl anded via hol es according to one enbodi nent of the 25 present

i nvent i5on.ﬁlle@wuﬂltwgglueﬁiv@nﬁwﬁql,ir@umngiiraama_e that is formed that extends
laterally 10 WD 2006/ 023255 PCT/ US2005/ 027178 beyond the edge of the

conduct or [gj3sf he F*?ﬁ.@ré 9MIREtrdtein tYdcd 100 HPough MG L@ RAN 1aP& Tou@Re of the
material next to e conductor nay be renobved, |eaving a high aspect ratio

t
hol e bel owyefdiftg hﬁ%g!}ﬁgf& tlﬂg m'sltd"llﬂﬁ laB'E‘leldO‘Q' FhPodcBndiD BEEL 11t40antir§€coﬁ\9nduc'[ or.

When conductive eposi'ted in the via hole, the high aspect
oL, 0 kP PRGOSO gLe e 0905 o e 0EL v
I oush, il g TRk 0o 3 AR S BT T,
116 hal\ée tr)r(xaaglp la];grr Ir{%celmg Qectoxqg IIEIS ?a%'gr lllq6 A%Q:gn {)cl. ge%;[l inht re(li'igntﬁes, l%heI lgio¥t%¥n o]leéllé
via hole 302 has partially missed the trace 106. Since the first hard mask layer 104 has
been left in place and the second ILD layer 114 formed on top of it, the first hard mask
layer 104 may act as an etch stop layer, and prevent the portion of the via hole 302 that
has missed the trace 106 from extending down below the surface of the first hard mask
15 layer 104. This may substantially prevent formation of a high aspect ratio hole next to the
trace 106, which may prevent formation of voids.
[0037]  Figure 3c illustrates formafion of a trench 303 that extends part way into the
second ILD layer 114. Figure 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
20  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

25 misses a trace 106). In such a situation, the hard mask layer 104 may act as an etch stop
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[ 00361 Figure 3b illustrates an unlanded via hole 302 fornmed through the
second hard to mask | ayer 116 and second |ILD |l ayer 114. As can be seen in
the Figure, the bottomof the via hole 302 has partially mssed the trace

106. Si nce‘,# f/br t hard mask | ayer 104 has been left in gl ace and the
second | LD %5)3? 2f A formed on top of it, the first har fCHESRONEYE: 104 may
act as an etch stop |layer, and prevent the portion of the via hole 302 that

has m ssed the trace 106 from extendi ng down bel ow the surface of the first
hard mask ldyer draysebstdridlly prevent it vis hils 80hfromlekiending dewn belomthe had nmfk a hi gh
aspect ratio hole next to the trace 106, which may prevent formation of

voi ds. [ 0043/éd 108, JhissmBcpreldnti gieraapeesratio ofitht iviarhodd 302 froregetin@ @ ladgat ext ends
part way into the second ILD layer 114. Figure 3d illustrates formation of

the via 3Qdd preder faraRtiGOSf 4 Void tesuchinlaageiapecy katiotholee 13mayalldw ench 303.
Since the first hard mask | ayer 104 may prevent 20 the formation of a high

aspect r ayhRndkdlveasnewé forMed Rethbitakefol&iontdf@oids.r st hard mask |ayer 104 may
prevent formation of a void next to the trace 106 and bel ow the via 302.

100381 ;Si pg39y ! ymgxr&hmﬁhwaa SRRt #GCiH I BRRddnBe Wit Yh&emBsdimBiowgh 3d, a via
hol e 302 "may be for rred t hrough a second hard mask | ayer 116 and second | LD

| ayer 1140@1;gat@9tfor ﬁcgm%tt Eys?cfl?%db%élh&k@ cOpatide’ RRe 409 fc(r%&reeslﬁ e v. a

hol e 302 I gure paft’i a m sses a trace 106) suc

2006/ 0292885 %?%?ﬁ%;%%%ﬁs 49%{%“"?%‘;%?”%%5&"@%% ?%?f@f’\e%g‘?‘e‘b%m Whe via hol e
302 from Scrsds ]91'1 ?%t 3Xma 1}{8{:6%%&319@ alﬂa e%?lﬁ%ln?ééﬁk 1%%@];@& HBYs Plroevent the

aspect ratio rom et prevent

f or mat i d h t ~Th |
il anded e Sesi st Broieds Fod B o B ckTet R0 el B e 0301 i qur e 4

illustrates accordance with one enbodinent. As illustrated,

a
for th¥ eﬁﬁ%?&‘??%ﬁf"ek &Iﬁﬁlﬂwﬁ i ncl udes conputing device 402 for processing

[0040]  Depending on the applications, system 400 may include other components,
including but are not limited to volatile and non-volatile memory, a graphics processor, a
digital signal processor, a crypto processor, a chipset, mass storage (such as hard disk,
compact disk (CD), digital versatile disk (DVD) and so forth), and so forth. One or more

15 of these components may also include the earlier described compliant interconnects.
[0041] In various embodiments, system 400 may be a personal digital 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.

20 [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

25 and steps may be left out/or added in additional embodiments. This description and the
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data. Conputing device 402 may include a notherboard 404. Mt herboard 404
may include in particular a processor 406, and a networking interface 408
coupled to a bus 410. Mre specifically, processor 406 nay conprise the
devi ce 100 t&gﬁ 9% the earlier io described |ow k hard mask |ayer. [00401
Dependj ng on° & %3Iications, system 400 may i ncl ude off&NVSEYNPTMENt s,
including but are not limted to volatile and non-vol atile nenory, a
graphi cs processor, a digital signal processor, a crypto processor, a

chi pset, wgkiss Hillovinganqlededbrnss sushiag ledl, gght, top.dettant odirsyadecBpperdowet, al
versatile disk (DvVD) and so forth), and so forth. One or nore is of these
conponent dirstpsgcaidsetc. thatlariesed ffier desoripties putpeses ¢l dndcaapbf tarbe conttried annect s.
[ 00411 In various enbodi nents, system 400 nay be a personal digital

assi st ant lifx?idy). , The@mbobineatsplfadeyicaor atidle tiescobmaUteraig cahehe ragnufactiregyt op
conputing device, a desktop conputing device, a set-top box, an

ent ert ai Nnedd, ocshippedlin Aiirhber af positidnd hnd erightations) Rér®ins sllilled/indBorelevamr der, a
CD pl ayer, a DVD player, or other digital device of the like. 20 [00421 The

f or egoisng aft@as ippRédiA8 thaf mhiemediBiesdi oi® Mdsyapihtidriard poésiblelif ighesT tIRESGve

presented for the purposes of illustration and description. It is not
i ntended t@chifg. Perfighd Skill¥@irtthe b will PacbgrifteyatiByedtfulvalent SorhkiBathegade for ms
di scl osed. Various additional |ayers and/or structures nay be included or

om tted fIsQunitffiSnseP GAridis doRPRRitsTREWn in the PiEBRS ER icRefctdrD GfleddRy tapr for med in

a different order than the described enbodi ment 25 and steps may be |eft

out/or ad i j {1 3 J is BB fe RS GEdtidh] 12 WO
gnﬂé H@“%ﬁ t

2006/ 0232%%%%%0%&%@5?? cPal PISIEF%@\? ng ﬁrﬁc@u’d@ﬁ'{%ﬁ%sb?qgeuch as left,

right, top,.: t under, upper, lower, first, second, etc. that are

used for g@@?&%@ﬂ%g?%ﬁ%%oses only and are not to be construed as limting.

The enbodi ments of a device or article described herein can be manufact ured,

used, or shipped in a nunber of positions and orientations. Persons skilled
in the rel evant
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5 art can appreciate that many nodifications and variations are possible in
| i ght of the above teaching. Persons skilled in the art will recognize
vari ous equival ent conbi nati ons and substitutions for various conponents
shown in the Figures. It is therefore intended that the scope of the
invention be limted not by this detailed description, but rather by the
clai ns appended hereto. 13 CLAIMS | claim | A nethod, conprising:
depositing a first interlayer dielectric layer having a dielectric constant
value of |ess than about 3.2; depositing a first hard mask | ayer having a
dielectric constant value of |ess Chéﬂ“%bout 3.2 on the first interlayer
dielectric layer, the first hard nmask | ayer being substantially free of
hydrogen; . formng an opening in the first hard nmask |layer to expose the
first intEFRMer dielectric layer; forming a first trench in the first
interlayer dielectric layer; depositing a first conductive trace in the
first trench; and depositing a second interlayer dielectric |layer on the
first conduct i4dnathodeeorapiésing:r st hard nask layer. 2. The nethod of claiml,

wherein the di I -ay gIr S r r and the
first interlaf%%ggpéé%gggﬂﬁ&?§§%¢g§§§c§%gﬁ%ﬁ?&% % §b€ﬁS§P£B§§a#§éFnEthod of
claim1l, kbethen abduh@.2ddeplositing b dirg bastmask lasal haviod a detchtrefconttentfvialust  har d

mask layer.and the first interlayer dielectric | ris in range from
about 2, 4%% 6% tytihous) 4 on e HREZeYBARCh e B Trsyherbpak T si ng

pl anari zi péng Qfbstahtidily FRUFUGHIOYEN; EAGiRg arPBisbnlrdan the ikt Hhed FhalBRKerdtgyer so the
first hard nask | ayer has a'top surface substantially flush wth a top

surface oexpobetheifirgtintedmgudielegeictlaygedormnsing FHiestisnétoi the fiest aterlayer f ur t her
compri si ngie%ggﬁﬁé}elr;nogpgsit?r?éa a hr%}’%ndﬁ&i\}e*%{%cé 1nrtﬁ<g, first trench; and depositing a

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

2. The method of claim 1, wherein the dielectric constant value of the first hard

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

3. The method of claim |, wherein the dielectric constant value of each of the first
hard mask layer and the first interlayer dielectric layer is in a range from about 2.4 to

about 3.2.

4, 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.
5. The method of claim [, 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.

6. The method of claim 1, further comprising: depositing a second hard mask layer

on the second interlayer dielectric layer;

14



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. 6. The nethod of claiml, further conprising: depositing a
second hard nmask layer on the second interlayer dielectric |ayer; 14

form ng an opening in the second hard mask | ayer to expose the second
interlayer dielectric layer; formng a via hole in the second interlayer
dielectric layer; and depositing a conductive via in the via hole to form
an electrical connection with the first conductive trace. 7. The nmethod of
claiml, whereiffrmingan ppepingniartee seand hasd masklBigsrtp surosp eiaseernd intsdaner 10% and
about 20% giiLiGONveS- The method of claim1, wherein the first hard mask

| ayer conprises about 16% silicon, about 77% carbon, and about 7% oxygen.
15 forming a via hole in the second interlayer dielectric layer; and depositing a

conductive via in the via hole to form an electrical connection with the first conductive

trace.

7. The method of claim 1, wherein the first hard mask layer comprises between

about 10% and about 20% silicon.

8. The method of claim 1, wherein the first hard mask layer comprises about 16%

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