0 8 DEC 2003 AN | NTEGRATED Cl RCUI T FABRI CATI ON METHOD FOR SELF- ALI GNED
COPPER DI FFUSI ON BARRI ER 5 10 BACKGROUND OF THE | NVENTI ON FI ELD OF THE

| NVENTI ON The present invention relate to the formation of m croel ec Jﬁﬁémm
devices such as integrated circuit structures. Mre particularly, the

I nvention relates to mcroelectronic devices having a self aligned netal

di ffusion barrier. DESCRI PTION OF THE RELATED ART The production of

m croel ectronic devices requires nultilevel wiring interconnects regions
within the devices. EP-A-0881673 teaches a nethod of formng nultilevel

I nt erconnections of copper lines which are isolated from one another by
dielectric 15 insulation, fur making contacts to electrical features of a
substrate. EP-A-0558004 teaches the formation of conductive vias and |ines
in adielectric substrate by filling trenches in the substrate with a | ow

resistivity metal, such as copper, and a hard netal, such as tungsten.
U. S. patent 5,592,024 teacHe7§”&T%%ﬂ'ﬁ%?\@mﬁlﬂ“dﬁﬂ%“QHMleﬁg a wring

| ayer protected by a conduckhK8epAM] IQUED BPPERPHFRRIOIBHIAT bar i er

| ayer on a 20 substrate. In formng su eve tructures, it is
conventional to provide a substrate having first Ilevel wring lines. an

I nterlayer dielectric (I1LD) and ER RE% #eﬁglm\/&% lines. One or

nore interconngctions are typica rst and second

| evel wring lhﬁg@g %ﬁﬁﬁiﬁéﬁ formed in the dielectric |ayer which
arc filled wth metal plug interconnect. After the two

| evel inter connectheprssentingnsion scles e forpationof mirsstestsenis deviscpwelvesde anot her

interlevel diel echwkgrared bikdt stragreres. tMora paitIRYaheinkeition flatess Micesetdctigniol t he
i ntegrated circui wgg\ﬂagﬁ IQP "g“ J%tdﬁf{rusﬂhﬁﬁrﬁgt ric layer usually consists

of a layer of a electr| e such as silicon oxide which is
deposi ted by ‘pﬂ asna 30 enhanced chem cal vapor deposition or other
processes. \Wen tIESCRIP : MRYT t aken for formng integrated

circuits wth copggt r&dﬂ&%& %?Hxnc?&etlér%ﬁc ddviXEs CQUINERLIRAE wicing interconnects
_ regiona within the devices, EP-A-0881673 teaches a method of forming multilevel
interconnections of copper lines which are isolated from one anather by dieleciric
15 insulation, for making contacts to electrical features of & substrate. EP-A-0558004
teaches the formation of conductive vias and lines in a dielectric substrate by filling
trenches in the substrate with a low resistivity metal, such as copper, and a hard metal,

such as tungsien. L).S. patent 5,592,024 teaches a semiconductor device comprising a
wiring layer protected by a conductive barrier layer and an insulating barvier layer on a
20 substrate.

In forming such multilevel structures, it is conventional to provide a subsirate having first
level wiring lines, an interlayer dieleciric (11.D) and then second level wiring lincs. One
or more intcrconnections are typically formed between the first and second level wiring

25  lines. Openings are formed in the diclectric layer which arc filled with a metal to form a

“metal plug interconnect, Afier the two jevel interconnect structure is formed, it is

necessary to provide another interlevel dielectric (ILD) layer to accommodate further
processing of the inlegrated circuit device. The intermetal dielectric layer usually consists
of a layer of a diclectric and an oxide such as silicon oxide which is deposited by plasma

30  enhanced chemical vapor deposition or other processes, When the damascene approach is
taken for forming integrated circuits with copper interconnections, the conventional
fabrication method requires a layer of silicon nitride film on top of the copper
interconnection to prevent upward copper diffusion into the ILD. However, the use of
silicon nitride has two major disadvantages. It has a high dielectric constant and thus

35  degrades speed and performance resuiting from increased in-line and inter-level
capacitance. This speed degradation becomes unacceptable for



fabrication nmethod requires a layer of silicon nitride filmon top of the
copper interconnection to prevent upward copper diffusion into the I0)DEC 2003
However, the use of silicon nitride has two maj or di sadvantages. It has a

hi gh dielectrig&gpsbgant and thus 35 degrades speed and perfo;,g&ggb%ﬂsm
resulting fromincreased in-line and inter-1level capacitance. 'S "Speed

degradati on becones unacceptable for I 6 8 DEC 1063 WD 00175982

PCTI 1 JS00/ 15924 speed degradati on beconmes unacceptabl e for integrated
circuits fabricated using 0.18 Pm and nore advanced technol ogies. Silicon
nitride acts a coppeed dbgfallatiindrecorb@runh@iepaliefot iR gRGANGELitsThRIERANGRE S,
however its use i%féeves 'ﬁt her problens. Part of the silicon nitride over
the copper i nterccohheldPantgore asivanced teqhiaderien rSibepnantyide aes ¢ eppper diffagiom

conductive path caghe ogéltﬁ@&dSﬁ%qgﬁeggwgnh %eﬁﬁé 1@39@0‘1@9 gtdhiemrglglgtggn ect

| evel s through vias. Anisotropl asma efch is usually us f'or  “openi ng
vial. The common pragotiitessilicon perifoover Hg cappearigercetrebtsihas bibe ram@sd ioningssur e

that the underlying.c er is fully exposed. ing.this over-etch, sone of
the copper is b%ck‘g%ﬁt%g?{@al %W&H‘&é%sg?‘ﬁéﬁl gﬁes\%ﬁifs?gc?émﬁgwb?e'%%%osi ted
on the 10 copper iififeRfoBMRORGES thrddghivid. RibErepic Blashih 8@h idRBARIdsk PRy Of
back-sputtered copper, on via sidewalls takes place. Copper deposited on

via sidewal | s can FRSB@R Mpsdibefcomemonpracheryls Petferminmamensr-eigh in aViayto esul t s

in an electrical SJ}QIE}Q%%@% | | s Lh I Pg
major reliability prcgbf ens. élwggﬁgﬂis??gsﬁﬂ{%gs%g% g)%ﬂgggﬁslosvc{ E‘gh’ﬁgrg%i‘]
silicon nitride, ahetaepecs backspusred add fénssitaionyds sidewalkr veeddpogired ot thet he

si mul t aneous exposure of copper .and the |1LD, during .plas et ches or sputter
et ches. Accor dﬁ)gg %ng?rﬁléteﬁcﬂ%ﬁtf'i %‘?ﬁngtsﬂ‘étéeée Pt ‘éer?gs'ﬁ?'éoé%ﬁ/‘éﬂmﬁ?dﬁg@e f a
conductive, i.e. aonah sidéwallsdiked placed Topger Qegisitedert iadidewalfichn FQdiydiffidede.
The sanme netal barrier as is commonly used on the sides and at the bottom

I

of a copper interBEWERhe g evegpathyreswits 18 40 elspirigal sherpbetwpsmdvo adjacent
i nterconnect. 20 SHMM%F&Yec@ﬁhJslﬁugi@/ﬁwgﬁﬁﬂihwrwaﬂ;im&mybfiﬁésea process

for form ng a mcroel ectronic device ‘which _
problems is the use of silicon nitride, a dielectric, as a diffusion barrier as well as

15 the simultaneous exposure of copper and the ILD during plasma etches or sputter
etches. According to the invention, these problems are solved by use of a
conductive, i.e. a metallic diffusion barrier instead of silicon nitride. The same
metal barrier as is commonly used on the sides and at the bottom of a copper

interconnect may be deposited on top of the copper interconnect. I
20

SUMMARY OF THE INVENTION
The invention provides a process for forming a microelectronic device which
comprises:
25  (a) forming a first dielectric layer on a substrate;
(b) forming a trench having inside walls through the first dielectric layer;
(c) lining the inside walls of the trench and covering a top of the first dielectric

layer with a first layer of a barrier metal,

)



conprises: 25 (a) formng a first dielectric |ayer on a substrate; (b)
formng a trench having inside walls through the first dielectric |ayEypEL 2009
(c) lining the inside walls of the trench and covering a top of the first
dielectric |ayegdNolgosga first layer of a barrier netal; 2 0 8 DEC 2003 WO
00/ 75982 PCTI USOQ 15924 (d) filling the trench with a fill netdICT4#§0/15924
covering the top of the first layer of the barrier netal with a | ayer of
the fill metal, wherein the fill nmetal and the barrier nmetal have
~substantially different removal selectiviti es; (e) renoving the layer of

the fill metal from (tdhﬁllmgpheofentﬁmnh b fidltmdtalyang cOferibf helidy 61 (RE ﬁrsi‘_)la?&toﬂhea”d

formng a recess mghe fle ! rrE q H%hg trench extending to a | evel

bel ow the top of the Titated Jaa @ferf’ Y mqtaly whegeia thed! mptel 4nditieg barrier
dielectric |ayer; (fmexmmmmStm&uwmmermat&&cmhag er metal and
optional |y depositi P{g}a second |l ayer of the barrier métal onto the top of

the first |ayer of emgyinghedayer Q@tyc ﬁgmalri'@nt the toppdfitlenfirkt 152 6ftle bavier of

barrier nmetal frgmt t ectric_layer and | eaving
the barrier net aI% ,h& eamr?gégienésgh“eg f"hlg‘f B tagéﬂ‘?‘f’érf’mhrf’é engling to 3 lgxel; ecess

conforns to the top bltfovsttﬂ\etupruiﬁfelfysmgyeibf fhe BBYriet mbtal dﬂﬁehﬁ?&%ﬂcmcﬁﬁh

depomhngaseconﬁ@(’ﬁl nclg‘}/@Sl ontg the first dielectric layér "and
onto the barrier MENE FrEess be barierpgtaliang eptiqnely dgpositing @secdmdlaper
i or ol ectroni ¢ _devidTe i intiahonid iRUBSbF ik G AymdirBheGt byl aver on the
substrate; a trench haV|ng i nside wal I's" through ¢ ectrrc | ayer; a

lining of a barrier ﬁﬁeﬁ'PV‘BﬁtheWBtlmﬁéF@end/\)awrsafbimtmet'alrmme tap $fithe fiset al
in the trench i nsi s of e nch
wherein the fil F@ngﬁgfleéﬁﬁéjx ér%lldﬂl%gﬁlﬁ thtelg%é'[ ﬁgwmﬁ%ﬁfﬁf hl?ﬁ F*&? aTTFeF er ent
removal sel ectiviti gsstalan heveessmgnanofo thé‘l&)plhaﬂfeluﬁﬂeﬂ}ﬁ{ga’il] @Btaf i€hd thdnkh;
.metal, which coveri rtg)dscggnts the | |dn ﬂ%ﬂ%ﬁo the jnside walls of the trench
and confornms to the ThpPoy &ASoqnddi layet opiodhs first diplectiaper ang uRitker| ON
OF THE DRAW NGS Fi gWafier hehipvbe @eddki Or art m croel ectroni c devi ce show ng
a lower interlevel

15 The invention also provides a microelectronic device comprising a substrate, a
dielectric layer on the substrate; a trench having inside walis through the dielectric
- layer; a lining of a barrier metal on the inside walls of the trench; a fill metal in the
trench between the linings on the inside walls of the trench, wherein the fill meta)
and the barrier metal have substantially different removal selectivities; a covering
20 of the barrier metal on the fill metal, which covering spans the linings on the

inside walls of the trench and conforms to the top of the fill metal in the trench.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 shows a prior art microelectronic device showing a lower interlevel

25 dielectric (ILD), a metal barrier layer, 2 copper filled interconnect and a silicon

nitride layer on the copper interconnect.

Figures 2 shows a prior art microelectronic device showing a via cut in a silicon

nitride layer with copper is backsputtered and deposited on via sidewalls.



25 dielectric (ILD), a netal barrier layer, a copper filled interconnect
and a silicon nitride layer on the copper interconnect. Figures 2 shpyel 2003
prior art mcroelectronic device showing a via cut in a silicon nitride

| ayer with copper is backsputtered and deposited on via sidewalls. 3 0 8
DEC 2003 WO 00Y88¥P9BCTI USOO 15924 Figures 3 shows a porti onP@RUEN015924

m croel ectronic device having an interlevel dielectric, a barrier netal
deposited on the ILD and copper on the barrier netal. 5 Figures 4 shows a
portion of a mcroelectronic device having an interlevel dielectric, a
barrier netal deposited on the ILD and a copper with copper renoved from
the top of the ILD and a recess in the copper interconnect. Figures 5
shows a portion ofFigugs 3 shesisemprionicta nisvdeisstrofic fivipehevidg aif inerlewe] bizleciiey 10
met al has been deppsj.t ] t he copper.ipterconnect. Figures 6
shows a ni croel ectér)%#%qn gegid e%é?d{_oelgrtﬁetqﬁ‘gaﬁ’gf?ﬁﬂg&mf g?m‘r'fa@e een renoved
fromthe top of the ILD. 15 Figures 7 shows a shows the m croelectronic
device of Figure 6_after a via has been cut in the ILD over the barrier

metal on the coppef'8Vfit &HC3HASETION PETRICIIstsCIit RV e iFtapeREFERRED
EVMBODI NENT 20 ACCOBAHi&Shdif? dbyidSitddldn@e BDland agéﬂf@ﬁtﬂ %E&Jr@ﬁ{&;ed(ﬂoﬁl Eldp! ©

is formed on a substrate 2 as shown in Figur ch 1s then cu

the first diel ect r¢fehe Hcand aggeess in the coppeninterasatkctni t h a barrier metal 6 and
t he bal ance of the trench filled with a fill nmetal 8, which is usually
copper. The barrier metal prevents the copper from mgrating into the
first dielectric |Fgees5 sHesaoprioh of imdiceseppesniedutice beFifgine Atafteba hingdrect ri c

| ayer is then deposited with a siJicon_nitride diffusion barrier 7 which is
t hen covered h ‘3“5@@6# idgRastedgpdhe Bilkand tie.Sopper giterqangedti | j con nitri de
prevents penetration of the copper fill into the second dielectric |ayer.
As a next step in _prior art processing as shown in Figure 2, a via 9 is
et ched through t hebigwenhehowgaanereelpqmenic dgviee afigtithe hargerghetaifhas bseh rammvedi t ri de

until the copper fillad by &Ardnos |

15 Figures 7 shows a shows the microelectronic device of Figure 6 after a via has been

cut in the ILD over the barrier metal on the copper interconnect.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

20 According to the prior art, a first interlayer dielectric 4 is formed on a substrate 2
as shown in Figure 1. A trench is then cut in the first dielectric. The trench is
then lined with a barrier metal 6 and the balance of the trench filled with a fill
metal 8, which is usually copper. The barrier metal prevents the copper from
migrating into the first dielectric layer. The top of the copper and the first

25  dielectric layer is then deposited with a silicon nitride diffusion barrier 7 which is
then covered with a second interlayer dielectric 16. The silicon nitride prevents
penetration of the copper fill into the second dielectric layer. As a next step in
prior art processing as shown in Figure 2, a via 9 is etched through the second

dielectric layer and through the silicon nitride until the copper filled trench is



4 WD 00/75982 0 8 DEC 2003 PCT/ US00/ 15924 reached. This etching causes the
copper to be backsputtered and deposited on via sidewalls at 11 asﬂﬁ?fw@m

According to thewF)iOB;s,g%;tep of the invention as shown in Fi gurgF,E/HF‘%ﬂ

interlayer 5 dielectric 4 is deposited onto a substrate 2. Ty 924

substrates include those suitable to be processed into an integrated
circuit or other mcroelectronic device. Suitable substrates for the
present invention non-exclusively include sem conductor materials such as

.gallium arseni de (GeAshed. JaisrerohingTausss thie @Opher tobd HaBIRPuBLET A dEMdsitkd & iHm

ni obat e and conpositions containing silicon such as 10 crystalline silicon,
pol ysi | i con, armrphf)’f}gwé]slal‘ tbps sheit axi al silicon, and siiicon dioxide
(Si2) and m xtures thereof. Lines may optionally be on the substrate
surface. The lines, when present, are typically forned by well known
| i t hogr aphi ¢ techni §geardingtp tafirshetepofthoswentvh ag Sheavmie Fagure Zin fostiintertayar
nitride or an oxyni ki de. .t ab terial the lLines . include silica,
silicon nitride, éIt i ?%Le?ﬁﬁ]ﬁ?fleﬁoﬁgﬁ of’é)n%sﬁt’%m%#‘ﬁjfp&é', SUBptTALgS | de 56 num

al 1 oys, copper, coppétabiltb by procdsesatinto UfiintédtNeS £ieshitdR ihed thicfdbc RN bvidede.
These |ines formthg .cag)ndu tors or insulators of an integrated circuit.
Such are typically>t} éee%“g“?éﬁﬁé?ré}f'%e?epb‘ﬁi’%@“&%?’ﬁélﬁwﬁ ig¢ladeances
preferably of from abinddStoRRaifs QRLEEIRh sEids (L hERARY T om
about 1 mcroneter or Ier!ss, 0a‘m(ii}l _nost _pr%i?éra Sy 0?(@8)2#%'& ?%lém{’o
about 1 nicronet er. siipen gimamsemy littivmonpats and compoesytians nntaisiag sitigorofuckasi de

for ust in the For norantt MNEsh BRSHCR, dndBies Bkt Sllerial RS, iaties

| ayer may nonexcl usiioaidg (5ig) and enistiutels cdhereof.cont ai ni ng spi n-on gl asses, i.e.
silicon containing polynmer such as an al koxysilane polymer, a
-si | sesqui oxane polyner, a siloxane polyner, a poly(arylene ether), a

fl uori nat ed pol y(ar Lirzamagbpsnilly ot dhQhe ABEYAIRGirfacdli Bleqinty, WhehBleSdnt, akeS
nanoporous silica or,rT]x ures thereof. _ .
typically formed by well known lithographic techniques and may be composed of
15 ametal, an oxide, a nitride or an oxynitride. Suitable materials for the lines
include silica, silicon nitride, titanium nitride, tantalum nitride, aluminum,
aluminum alloys, copper, copper alloys, tantalum, tungsten and silicon oxynitride.
These lines form the conductors or insulators of an integrated circuit. Such are
typically closely separated from one another at distances preferably of from about

20 20 micrometers or less, more preferably from about 1 micrometer or less, and

most preferably of from about 0.05 to about 1 micrometer.

The dielectric composition may comprise any of a wide variety of dielectric
forming materials which are well known in the art for use in the formation of

25  microelectronic devices. The dielectric layer may nonexclusively include silicon
containing spin-on glasses, i.e. silicon containing polymer such as an alkoxysilane
polymer, a silsesquioxane polymer, a siloxane polymer; a poly(arylene ether), a
fluorinated poly(arylene ether), other polymeric dielectric materials, nanoporous

silica or mixtures thereof,



0 8 DEC 2003 WD 00/75982 PCT/ USOQ 15924 One useful polyneric dielectric
material s useful for the invention include an nanoporous silica 08 DEC 2003
al koxysi | ane polgmar formed froman al koxysil ane nononer which has the
formuia: 5 R IMOREP2R R 10 wherein at least 2 of the R gr oPfEUSHeA5924

I ndependently Cl to C4 al koxy groups and the balance, if any, are

I ndependently selected fromthe group consisting of hydrogen, alkyl,
phenyl , hal ogen, substituted phenyl. Preferably each Ris nmethoxy, ethoxy
or propoxy. Such are commercially available fromAlliedSignal as

Nanogl ass(tm) . The nost _preferred al koxysilane nononer is tetraethoxysilane
15 (TEOS). Al so us%?iﬂseglﬁ)@lﬁyw&gfé?%mq BemRsuspiil & thedrentiéronélodean a
[(HSIiOL.5). Oy]" , gENSik i ' ve_t formula (HSi OL.5),
and hydr oor ganosi%%ﬁes V\l}f!a?ﬁ% a@lgﬁ?%gﬁ?%nﬁege hat B SaRE ribobit

[ (HSIi O . $), Oy( RS Othigh hys the fonfitdsi OL. 5) x( RSi OL. 5) y] n and

[ (HSI Ol.5)xOy(IgSi QL. 5)z]n. In each of these polyner formnulae, x= about 6
to about 20, y=1 to about 3, z= about 6 t Rabout 20, n=1 to 20 about 4, 000,
and each R is independently H C, to C8 alkyl or C6 to Cl12 aryl. The

wei ght average nol ecul ar wei ght may range from about 1,000 to about
220,000. In the preferred enbodi ment n R&hBes from about 100 to about 800
yielding a nolecular weight of from about, 5,000 to about 45, 000. Mbore
preferably, n ranges from about 250 to abl)ut 650 yi el di ng a nol ecul ar

wei ght of from about 14,000 to 25 about 3& 000. Useful polynmers within the

e Saent 1 ot LB S TR .

hydr ogenpr opy! si | okehalandeyid ayg e lidcyéridehtB)RReied HAWAHO gRNb Borsishis ¥# Si | oxane,

Eygr ogen p?ﬁnlyl S : ! %a?ﬂegs%ﬁﬂéﬂ rpﬁgn%ﬂ rﬂﬁfo@%ﬂ, glalals?it%?e uplhgr)l(y?.n l%r’eferab]y eachR is

yarogenet nyl sil s )

‘ methoxy, ethoxy or propoxy. Such are commercially available from AlliedSignal
as Nanoglass™. The most preferred alkoxysilane monomer is tetraethoxysilane

15 (TEOS). Also useful are hydrogensiloxanes which have the formula
[(HSi10y.5)0y ) , hydrogensilsesquioxanes which have the formula (HS10; 5)y, and
hydroorganosiloxanes which have the formulae {(HSi10; s)O4(RSi0) 5),]n,
((HSi0) 5)«(RSiO1 5)y]n and [(HSiO) 5):04(RSiO1 5);]n- In each of these polymer
formulae, x= about 6 to about 20, y=1 to about 3, z= about 6 to about 20,n=1 10

20  about 4,000, and each R is independently H, C, to Cy alkyl or Cs to C;3 aryl. The
weight average molecular weight may range from about 1,000 to about 220,000.
In the preferred embodiment n ranges from about 100 to about 800 yielding a
molecular weight of from about 5,000 to about 45,000. More preferably, n ranges
from about 250 to about 650 yielding a molecular weight of from about 14,000 to

25  about 36,000. Useful polymers within the context of this invention nonexclusively
include hydrogensiloxane, hydrogensilsesquioxane, hydrogenmethylsiloxane,
hydrogenethylsiloxane, hydrogenpropylsiloxane, hydrogenbutylsiloxane,
hydrogenzert-butylsiloxane, hydrogenphenylsiloxane,

hydrogenmethylsilsesquioxane, hydrogenethylsilsesquioxane,



6 0 8 DEC 2003 WO 00/ 75982 PCT/ USOQ 15924 hydr ogenpr opyl si | sesqui oxane,

hydr ogenbut yl si | sesqui oxane, hydrogentert- butylsilsesqui oxane and 08 DEL‘ 2003
hydr ogenphenyl si | sesqui oxane and m xtures thereof. Useful organic polyners
i ncl ude pol yi mW@&)/75#82uor i nat ed and nonfl uori nated pol yners, pcmussansoegul ar
fluorinated and nonfluorinated poly(arylethers) available 5 under the
tradenanme FLARE(tnm) from AlliedSignal Inc., and copol ynmer m xtures

t hereof . The hydroorganosi | oxanes, poly(arylene ethers), fluorinated

poly(aryl ene ethey e preferred. Suitable
pol y(aryl ene et her?)a }oc’%f’ l%lﬁs?sﬁa'toéﬁmp&‘{})?géa@/'f tylssesquingags; &‘i’rég%%ﬁm in the
art from U S. pat eintrdsiGedfuoxindind h@drlgé&;pﬂ&@@@@!;q@xo}éé aQ@%nxtﬁ’{e? h%feg
poly(aryl ene et herlﬁ%e@ﬁnd fluorinated 10 pol yé | ene ethers) are disclosed

in U S patent app PFERIcPabmers mclyderpolyigidgoliuormated ancbmbnﬂgmmwr 12,
1997 whi ch h
ichis i NCOidpRh&E, ‘?ﬂp&hﬁélﬁéﬂhl}aﬁn&&i g{mﬁﬂuoﬁr{’a?nﬁei;ygargﬁ:h >}'s g?ql%bl o

materials suitable for use in this invention are co
from Al |liedSi grfal under th@uﬁe@nathLﬁRﬁa‘éﬁanmmedﬂjgiaahﬁ( and dopdlyier frixkdreand 15

T-14. Al so useful at ed si.l| oxan rs ava| | abl e from
AlliedSignal Inc. Er%%‘"ﬂ, h%dr?or%ﬁgﬂ&ﬁﬁ%esﬂ?&ﬁé%rﬁ? Eher) AHernaicdpehi#ylene Ti 8,
T23 and T24. Pref enhies aﬁdi i tronfas ﬁﬁf&oﬁhr@Ipﬁg‘erEBdeSﬁfa‘bTe'ﬁélﬁﬁ?lbﬁ@ethé??)'dz‘de

pol ymers having a orrm sel ected fromthe group consisting o

[ (HSi OL. 5) xOy] n, ( Poly(anene ethersp aredmowy (IRbE art oy S, patents5155175

[ (HSIi G .5)x(RSi 01 55) 78038 514 55 W[ = about 6
to about 20, y=1 to ?’out ,'[lz— a%%r?%g%gﬁgb%ng gkgh ] out 4, 000,

and each R is Ihdemdrierient sthens) an1 disgosed imUKS Ipatent zﬁﬁhdanmﬁﬁcﬁabmjjﬂbeMI ch are

disclosed in U.S. | wrber 08/985 802 filed Cctob
22 1007 and whi cho B R arah iz B N AP EP e A R et arred are

certain 25 | ow organl c content silicon containing polyners such as those
having the formul a c(;I—I—S|01 5]n[]R-S|C1 5]m [Ho.4-1.0Si0L.5 -
1. 8] n[ Ro. 4-1. o- Si dlregrr gilogane raaterials suitable for use in this invention are commercially

available from AlliedSignal Inc. under the tradename Accuglass® T-11, T-12 and
15 T-14. Also useful are methylated siloxane polymers available from AlliedSignai
Inc. under the tradenames Purespin™ and Accuspin®T18, T23 and T24.

Preferred silicon containing dielectric resins include po]ymers having a formula
selected from the group consisting of [(HS10 5)x0y]n,(HSIO 5},

20 [(HSiOy s)OLRSIO) 5);]n, [(HSIO) 5),(RSIO; 5),]n 2nd [(HSIO, s}y O(RSIO; 5),]s
wherein x= about 6 to about 20, y=1 to about 3, z= about 6 to about 20, n=1 to
about 4,000, and each R is independently H, C, to Cg alkyl or Cg to Cy, aryl which
are disclosed in U.S. patent application serial number 08/955,802 filed October
22, 1997 and which is incorporated herein by reference. Also preferred are certain

25 low organic content silicon containing polymers such as those having the formula
I
[H-8i0, 5]a[R-8iOy 5]m
[Ho.4.108i0t 5.1 8Jn[Ro.4.1.0-81O1.5 - 1 5]m .



0 8 DEC 2003 WD 00/ 75982 PCT/ US00/ 15924 [HO-1.0-S1CE. 5.2.0]n[R-Si OL. 5] m |
[HSIO.s]"[RSOL.5]y[SiR2]z wherein the sumof n and m or the surh £Cx2003
y and z is fromabout 8 to about 5000, and mand y are sel ected such that
carbon cont ai ni nJ%WBMBEt uents are present 5 in an amount of | REIUSHEIS924
about 40 Mol e percent. Polyners having the structure | are of |ow organic
content where the carbon containing substituents are present in an anount

of | ess than about 40 nol e percent. These polynmers are described nore

fully in U S patentyappd;i an.Sgriral nunber 09/044,831, filed March 20,
1998, which is incgﬁggﬁggsﬂggﬁglﬂv reference. Also preferred are

certain | ow organi c [HRIOCHIREND, § [Igjo‘%g cont ai ni ng pol ymers such as those
having the formula Il: [HSIG s]n %RSi .5]m [Ho.4-i.0Sid.S-1.8]n [RO.4-)

.C8IG.S1.8'm [Ho‘iwheﬁitﬁiae%rﬁopﬁﬂndﬁsb%éxlg%% rekn . n. of and mis
from about 8 to about 5000 and mis selecte sué%aﬁqg]{'ﬁ(grpﬁ?j%uég %%‘LSBQ

cont ai ni ng subst i t uéh0,irrd prand erare setected seahobaiicardbn amvainiab ewtistikOntMire Gresent
percent or greater; :  Gi.5]. . [RSI G.. Si . Zwherein_the sum of
X, y and z is frgm égout %ﬁké}aS&PJn%ﬁﬁtgoa{ﬁ%%#ﬁc?%&lgﬁrég“"é‘%ﬁ:‘l‘?eS‘f‘ﬁﬁ’t"eIche
carbon contai ni ng suelestfidwentnic sofes s@Rte thelcaonaBREMnubaRitts #0pdaLEn%
20 or greater; and wherein fR}fiFS sel ected from substituted and unsubstituted

strai ght chain and BP AREWRE! leskPpn oyt fimolepercent) Kiase pelpmers arexdebrsibed moeed
and unsubstituted @&iin W.QWARN HBHclod LiHaf I e
percent of carbon con]t_ylai,n_i ngJla guil%’gt‘i:t.luentszfl ﬁﬁgﬁpﬁﬁ%‘%’?gﬂ%&?w éh?(gitlp%)g’of
the anpbunts of st ar thif} iiecemprted herepohyafsrepch alormgefetred &t cercinoe drganithi ch

are of high orgapi c.6n . car bon..conf al. ni substjtuents are
present in an anount o%gﬁﬁoﬁt ﬁ%ﬁmﬁ%?éo] e'rzréélﬁ%asﬁhros%?vé’.‘gggg’é’@“% ‘'ymers are
described nore fully in US mpien, @8rbiEation serial nunber 09/044, 798,

- filed March 20, 1998, which is i ncorporated herein by

[Ho.4-1.08101 5.1 8}n [Ro.4-1 08101 5.1.8]m
[Ho-1 08101 5.2.0}n [RSiO) 5)m

wherein the sum of n and m is from about § to about 5000 and m is selected such
15 that the carbon containing substituent is present in an amount of from about

40 Mole percent or greater; and
[HS10, 5]« [RSIO, 5], [SiO;);
i wherein the sum of x, y and z is from about 8 to about 5000 and y is selected such

that the carbon containing substituent is present in an amount of about 40 Mole %

20 or greater; and wherein R is selected from substituted and unsubstituted straight
chain and branched alkyl groups, cycloalkyl groups, substituted and unsubstituted
aryl groups, and mixtures thereof. The specific mole percent of carbon containing
substituents is a function of the ratio of the amounts of starting materials.
Polymers having the structure II which are of high organic content where the

25  carbon containing substituents are present in an amount of about 40 mole percent
or more. These polymers are described more fully in U.S. patent application serial

number 09/044,798, filed March 20, 1998, which is incorporated herein by

reference.



reference. 0 8 DEC 2003 WD 00/ 75982 PCT/ USOQ 15924 The pol ymer may be
present in the dielectric conposition in a pure or neat state (not lfhﬂ){@@ 2003
with any solvents) or it may be present in a solution where it is m xed

wi th sol vents. wihem7sstl vents are present, the polyner is preferaidogipeesent
in an 5 anount of from about 1 %to about 50 % by wei ght of the pol yner,
nore preferably fromabout 3 %to about 20 % The sol vent conponent is
preferably present in an anount of from about 50 %to about 99 % by wei ght
of the dielectric conmposition, nore preferably fromabout 80 %to about 97
% Suitable solvents nonexclusively include aprotic solvents such as

cyclic ketones i nCliegioRehet ial 0PFIREANRNEe aﬂaf}cﬁx%ﬁb@sﬁ%qa ufé)e?!ngd{g%énone

and cycl ooctanone; cyclic amdes such as N al kyl pyrrol | none erein the
al kyl group has f BRmixedwihaut solyeptst erohmay b?rnresf‘ahmasolutlonwhere 1t is mixed

N-cycl ohexyl - pyrr ol iyl ARAR: W‘i’l@gso’ﬂf?é s%’%@reéerﬂ? rtl'??:of %:"Fs eé’o r?lgegx‘efcgt inpg

dielectric conposition is deposite a Sui
t her eby form aSpolagmment dfdiperabout 1t%eo shobsi0r Aibg wc@p@f&hép@ﬁndﬁ&ﬁorbgrcwwﬁ ed

via conventional spin-coaf] £o roller coating, spraying,
cheni cal vapor d °6’§?tl°u€$1 /“n‘gt"l??é'ﬁgo %%ﬁé‘ﬂ?%&%’“@&&!‘l‘%ﬁcﬁﬁbhtﬂﬁéﬂm% are
vel | -known in the anfuht of BRI bRV dbSut WO bpﬁvelfgﬁwfﬁfé le&ﬁhtéag@mﬁﬁﬁ of
the pol yner |ayer on the substrate may vary depéendi ng on posi i on

procedure and par dR¥e erefesahiyfiom gpupf %ty pii'@aPT %. tﬂwéabtlmot&lcm@sgnenelyswa}qge

fromabout 500 O t r. t 2000 0 to
about 12000 O Thelﬁ‘ﬁiﬁ’rr':%ﬁ"1 kté?"@% Sg?:}’t%&gd‘c%%%sﬁ‘?b&{#é%g ¥ the

substrate may Mar ycyﬂphnxﬁmmg,twclﬂhmnmeambawhod:ﬂmnt,,cyamdmxcim eickraabl y from

about 2 m to abo n _the re red enbo

dielectric conpos%@Q%ﬁnngmgﬁﬁﬁm lﬁﬁﬁgpaﬁﬁwgié%ﬂPH% §ﬂ%§?
according to 25 kridwrlshekyl- pyeafaﬁnoﬂe;aﬁdnﬂmfeethadabﬂ, the pol yner Iayer S
‘applied by centrally applying the liquid dielectric conposition to the
substrate and then spinning the substrate on a rotating wheel at speeds
rangi ng from about 500 to about 6000 rpm preferably from about 1500 to

about 4000 rpm f ddncalferttted thé GielbiititorifbsaRadEpositeRloplonr saithtle fub@fadgout 10
to about 30 s 9%° ng ﬁerel;ynfogrrl ggglﬂtngr lgyperr %g (tjhetsgl?str%gl gfaylaoglrtllon may be conducted via
conventional spin-coating, dip coating, roller coating, spraying, chemical vapor
deposition methods, or meniscus coating methods which are well-known in the
‘art. Spin coating is most preferred. The thickness of the polymer layer on the
substrate may vary depending on the deposition procedure and parameter setup,

20  but typically the thickness may range from about 500 @ to about 50,000 ©, and
preferably from about 2000 @ to about 12000 ®. The amount of dielectric
composition applied to the substrate may vary from about 1 m! to about 10 ml, and
preferably from about 2 ml to about 8 ml. In the preferred embodiment, the liquid
dielectric composition is spun onto the upperrsurface the substrate according to

25  known spin techniques. Preferably, the polymer layer is applied by centrally
applying the liquid dielectric composition to the substrate and then spinning the
substrate on a rotating wheel at speeds ranging from about 500 to about 6000 rpm,
preferably from about 1500 to about 4000 rpm, for about 5 to about 60 seconds,

preferably from about 10 to about 30 seconds, in order to spread the solution



0 8 DEC 2003 WD 00/ 75982 PCT/ US00/ 15924 evenly across the substrate
surface. The polyner |ayer preferably has a density of from about ﬂé cnB
to about 3 g/cnB. The dielectric layer nay optionally be heated to xfgj&mﬂ&
resi dual sol vent W ox75983 i ncrease its nol ecul ar wei ght. The heapepsdéBye2lpe
conducted by conventional neans such as heating on a hot plate in air or
in an inert atnosphere, or it may occur in a furnace or oven in air, or in
an inert atnosphere, or it may occur in a vacuumfurnace or vacuum oven.

~Heating is preferabl d at tegperature of from about 80C to
about 500C, and rmrée}é%n?)g g(lrjlsgtt[) eys"?} Srnéaﬁq %%E?‘ 880G BIFT REFdcIRbIY higs qdenyity of

heating is preferablfjpnpaiohor g’ to suebgutn’l ninute to about 360 minutes,
and nore preferably fromabout 2 to about 60 minutes. The polyner |ayer
may al so optionally be exposed to actinic light, such as WV light, to

I ncrease its nol ecul ar weight. The anobunt of exposure may range from about

100 m}/cn2 to aboutThd@filetHcqier ﬁ?oﬁ-’&ag' 6L ﬁ&?{dh& Sﬁgﬁgﬁgalgﬁ]\e%@p‘%it (g)nal |y

be overall exposed to electron beamradiation to ctric.
El ectron beam r adi atdsershisymelsreamyeighs. The leaynghantretondivead byroavenieng f or

provi di ng el ectron L& 0 hstrates placed therejin. It is
preferred that the e ect{ugﬁh%%éaa%%énp%gﬁ? ALE PRLAr gran %Waﬁé‘ml’ﬁﬁrf’wré‘ H#Yde,

| ar,ge 20 beam of el @cturdma fimshica bt ovenfii &M@ il &1 Bert %ﬁﬁp&k@@?ﬁﬂ{hy%é\mﬁgur ce.
Preferably, an electron beam chanber is used which provides a'large area

el ectron source. SUPYSP) MEFRM VOB EEH Hratingds rrefsrablyconausied ailaltgmperature
avai | abl e from El ectof 86m ¥big0PG tcPabeii $00°F, aiﬁ‘h ROt @RBly A anodd 1SRE 1b Ne

trade nane "E ectronCureJ&térq:". The principles of operdation and performance
characteristics 18f bW 4évicdhishsatpm igipesfaratieperformed Bom Ratw A tmibyp@0S akos,

the disclosure of wWhkghikutes ALHR %?etf&gb]g FINY outt%tlo L6 rr]rﬁgﬁtfs;,r gﬁf. ROISWET 20C

-tenperature of the el ectron beam exposure preterably range
to about 450C, nor e [peemey ait gptionalip trixapbsed dCadtinicdizby) such40 OV R, toisdrease

preferably from aboyf n?ogc%% to %Eto 400C. . Xhe el ectron beam ener i s,

preferably from about 5 KEV't ab EMIBTHEL GXPASHIG Y rAEh 4t {00 mlfcm
to about 300 mJ/em*.

15
The dielect_ric layer 4 may optionally be overall exposed to electron beam radiation
to cure the dielectric. Electron beam radiation may take place in any chamber
having a means for providing electron beam radiation to substrates placed therein.
It is preferred that the electron beam exposing step is conducted with a wide, large

20 beam of electron radiation from a large-area electron beam source. Preferably, an
clectron beam chamber is used which provides a large area electron source.
Suitable electron beam chambers are commercially available from Electron
Vision, a unit of AlliedSignal Inc., under the trade name “ElectronCure™”. The
principles of operation and performance characteristics of such device are

25  described in U.S. Patent 5,003,178, the disclosure of which is incorporated herein
by reference. The temperature of the electron beam exposure preferably ranges
from about 20°C to about 450°C, more preferably from about 50°C to about
400°C and most preferably from about 200°C to about 400°C. The electron beam
energy is preferably from about .5 KeV to about 30 KeV, and more preferably

10



10 0 8 DEC 2003 WO 00/75982 PCT/ US00/ 15924 from about 3 to about 10 KeV.
The dose of electrons is preferably fromabout 1 to about 50, 000 'ijﬁf 7003
and nore preferably from about 50 to about 20,000 C/cnR2. The gas anbien

in the el ectron beamtwpl can be any of the follow ng gases: nigdrABGihsozs
oxygen, hydrogen, argon, a blend of hydrogen and nitrogen, ammonia, 5 xenon
or any conbi nation of these gases. The electron beamcurrent is preferably
fromabout 1 to about 40 mA, and nore preferably fromabout 5 to about 20
mA. Preferably, th?! el %ctron beam exposing step is conducted with a w de,

" large beam of el ectPByEBRE OB dPKsY . Thodess ofiplettenmmiy prefymbar feore higat t an

beam source which a bout. 4 i.nc to a t 256 ,
square inches. 10 T?g%sﬁgg&g}rlgk%héaﬁj é{eﬁ;@%ﬁ rlaﬁlytﬁf?@ igqogpi(ittorq%eut%ﬁ;bgp H{rmiael |
known phot ol i t hogr affhe gas amdiduninghielettfinibgar g QirPbefly it tHeABIMASiht LaBs: The

phot or esi st conposi ti on may be gositive wor ki ng _or negative worKing and
are general |y conmePBO&FT 9X 85 hydeen. aregn; 3 bigndofhydiogen endmiregenggmmonia,
phot or esi sts areswekénds NaRE Y- ' - qui.ngne

di azi de radi ati on sensi ?)? %éﬁﬁgﬁg?gﬁi}lﬁgg%ﬁi E}%%Erggﬁgﬁf%rn {s)lS%fer&g%ﬂHe

t he 0- qui none- 4- or - SoEAbPYy o abitw AD de’s and mororefdrably frbm ShouPa tie fioht MDGA.
2,797,213; 3,106, 465; 3,130,047, 3 201, 329: 3,785,825; and
3,802,885 Wen o- ?ﬁﬁf%%bég’%dﬁg g%"&‘e‘%’e"‘é’r‘ EXPOEBR STeB fSRyels ‘b’i‘*h‘a‘r"H%» fatgsibpam
include a water i nsbéledvion beam rebition fbinadl inivers Mrahre cREreVSlalnBLR e Rhii NG
resin, which is preferably 20 % noyol ak. Suitable soosi tive photodielectric
resins may be obt ai AOFTAERLITAM 3pout & igches jo,3hop256 squE Mckes. t r ade name of
AZ- PA620 from Chari ant Corporation of Sonerville, New Jersey. The
photoresist is then_i magewi se exposed to actinic radiation such as |ight
in the visible, ult ERFRsSate e forated i el diclseirio tayerdfy wéllknopaghpetithopiaplsagh a

Tadiation. Actini ¢ KamEEERnERpRAARL HaBudCthe e BEAR Sredil Gmhe
coherent |ight, fopossenyirking br gpgativervorkiag hadae gerlnalypbpinr@sliysdvailablid hen
| magew se devel oped Suitable positive working photoresists are well knﬁwn in the art and may comprise
153  an o-quinone diazide radiation sensitizer. The o-quinone diazide sensitizers
~ include the o-quinone-4-or-5-sulfonyl-diazides disclosed in U. S. Patents Nos.
. 2,797,213, 3,106,465; 3,148,983; 3,130,047; 3,201,329; 3,785,825 and 3,802,885.
When o-quinone diazides are used, preferred binding resins include a water
j insoluble, aqueous alkaline soluble or swellable binding resin, which is preferably
20 anovolak. Suitable positive photodielectric resins may be obtained commercially,
for example, under the trade name of AZ-P4620 from Clariant Corporation of
Somerville, New Jersey. The photoresist is then imagewise exposed to actinic
radiation such as light in the visible, uitraviolet or infrared regions of the spectrum
through a mask, or scanned by an electron beam, ion or neutron beam or X-ray
25  radiation. Actinic radiation may be in the form of incoherent light or coherent
light, for example, light from a laser. The photoresist is then imagewise developed
using a suitable solvent, such as an aqueous alkaline solution. Optionally the
photoresist is heated to cure the image portions thereof and thereafter developed to

remove the nonimage portions and define a via mask. Vias are then formed by

11



using a suitable solvent, such as an aqueous al kaline solution. Optionally
the photoresist is heated to cure the inmage portions thereof and 0.8 DEC 2003
thereafter developed to renove the noni mage portions and define a via
mask. Vias arewphgAsdgpr med by 11, 0 8 DEC 2003 WO 00175982 PGTILSH0 4924
etching techni ques which are well known in the art. Next the photoresist is
conpletely renoved fromthe dielectric surface and the inside walls of the
vias by plasma etching. Plasma generators which are capable of are
described in U S. patents 5,174,856 and 5, 200,031. 5 Next the trenches and
the top of the fi ¢etshing rchmifugserhici ¢ well kn@vrainghd arh eexwitttelphatordsit isi er net al

6 which serves to rate th lelectric.froma fill. tal which is to be
deposited into th%ﬁﬁﬁﬁg rfrpgh%h‘gog lh%@fetleémces“ agerand thefpgidy walls,pf theqdas by
titanium titani pismi échide PlisaiteahdtbrRehidiARE adpdble Bt Lk sl ibtinhy §aY be
applied by well 10 known_sputtering, evaporation, electroplating or vapor
deposi tion techni BRIGYS 3.0k 5@4‘1’@%3(’%&31{ renches 6 are filled with a
conductive nmetal which fills the trenches 8 and also forns a |ayer top 10
on top of the hardened dielectric 4 as shown in Figure 3. Suitable fill
met al s i ncl ude al Mekttberenghesdngd sim tep bits firsi hueriapgreticlecutndie findl with/s
tantal um tungstep, .titani of other netal typicall enpl oyed_ in_the
formation of mi crg%Tgchtgln¢ghiaéﬁﬁ%eé§9 SRATRA B ,Xw%ﬁtﬁﬁ@}r‘/’“ﬁ %H]E%él whicBisdPr ed.
The metal may be bp@dpositbdliyto IheClihel @ehihics] SaRaAEbAMARetAS RRRIE iRRium,
sputtering, evaporation and the |like. An inmportant criteria for the

sel ection of the VRRUM RifWe apialugy andantalam nirida Sjuch may bharsdied by wielli cant | y
Whi ch T emoved T e e alirg evilo BG SRl Ak 67 vanht Bpolifion BBEARESS P 0P
versa. Then the fill netal is renpved fromthe top of the dielectric and a
can be produced | NEhleAHRRE T St S tphb el WhiskHEons of
cheni cal - nechani caknched 8 a a2 fofrid\Flhyer Pdpalngh 16 61 the Waterell At 4 as
el ectropol i shing. sh%?v% i%}lguiresi‘).t gulj{rz}% ei ttil}lmtetgias include aluminum, aluminum alloys,
15  copper, copper alloys, tantalum, tungsten, titanium or other metal typically
employed in the formation of microelectronic devices. However, copper is most
preferred. The metal may be applied by such techniques as vapor deposition,
sputtering, evaporation and the like. An important criteria for the selection of the
fill and barrier metals is that they have significantly different removal selectivity !
20  characteristics. That is, a process step which removed the barrier layer does not

remove the fill metal and vice versa,

Then the fill metal is removed from the top of the dielectric and a recess 12 is
formed in the uppermost portion of the fill metal. The recess can be produced in
25  different ways such as by proper combinations of chemical-mechanical polishing
(CMP), plasma etch, wet etch and electropolishing. One way is to modify the
CMP process so that the fill metal is over-polished and, thus, additional fill metal
1s removed. Another approach is to do plasma etch, wet etch or electropolishing

following a conventional CMP step. The key requirement here is that the removal

12.



CWP process so that the fill netal is over-polished and, thus, additional
fill metal is renpbved. Another approach is to do plasma etch, wet(gpeh 8m
el ectropolishing follow ng a conventional CMP step. The key requirenent
here is that thewpspdspar 12 0 B DEC 2003 WO 00175982 PCT/ USOQ :69R400akeahi | |
metal needs have a high fill nmetal-to-barri er netal selectivity. Now
another layer of the barrier netal is deposited over the first barrier

| ayer 6 and the barrier nmetal fills the recess 12 as well to forma filled

recess 14 as shown ipt_gi"%&u?ie eﬁ Th _St}&_r‘rier metal is deposited in a |like
~ manner as done abov&: "STREXEe hB2YG4 el mstaisio-parjermedl seleptpizd Nowanethire
first interlayer di Hyelcdfrihecoaﬁié?)ﬁqetaq&%&,&ﬁﬂea??&hﬁéﬁﬁgﬁﬁmﬁ) hiRhg 5}&1[[(1%[')1 r
0 uc

pl asma etch, wet etch or el ectropolishing produce the - str ur e shown
in Figure 6. It may™st! fiBs the ssgessHatas web te bpperfilfedirécessigtaalsh@vii i Rigue 5.

conpl etel y encapsul : ri.er..netal. and the need for a 10 silicon
nitride |ayer has t%&gg yyrbné‘g%le |ﬁ1§1ﬁ3gtnggﬁlﬁel'ﬁ'é’mbeé?ﬁoé'rea %al in turnis

within the firstSinterlayer dielectric 4 on all sides except the top. The

structure of Figure 6 Ls t he afgﬁl ied with another second interlayer
dielectric 16 of an@‘%‘ft § przrierqnedsl daver is cemened dromythe SRt itsrnedhislesines by seen

in Figure 7. Vias 18hdiiyalk@¢hddfal Sdishin S L 1,6 | ayer
by |ithographic and et ch? ng@t ecﬁnllgcgUSSEK%F?I#@?E?%\S&%E&?‘@%%lﬁlr:lt?(ig—)ls)g%hﬁneé 7
the,

that the vias are clerigduce the strugjuieshper in Bgura bk diphatheaotickd thathe copper il | .
I n addition, since | L n ecess 14 is .conducti an
H%?al ??Jr[}o'up OH%E%% gﬁﬁ%gstutfa?ed’ bybe% amn%rdgést%logr@i LE? %eeg ?dr a

el ectrical connection to the co S Now

t heret hrough. The sidicorufitride haytrehak itierdbgibeéredlinglnsed. MHe bair@RnkiaCattin)s

i ncrease capacitance,,, Such S._.not  heret of or ssible with_the dielectric

silicon nitride. As @ nﬁﬁ%@ﬁm@?’ﬁrlﬁeéﬂ‘re@“?‘cﬁ"taﬁ]a{‘)‘%ﬁﬁécePh‘BF BReAbattisHreef t hi s

.invention al so resoFigeee 6 8 thei applitdl +ith AItHLRAGHA inRRaye? Biekb@ic 36 BeWR) dr i Nce
the Cu is capped with barrier metal during plasma etches and sputter

etches. The addi ti ofigleclgvmatetsie montiqned abqvis\as pren omFigyret7n dias Memavnewbler 1 i er
gt al is fully selfcal ihlﬂﬁ!%p?é} stid AR Mhig bﬁ;ﬂo%&,@qigg.m@&mgq@c }I;{}gs_vi as
y now be filled with a netal by simlar techni qieS as nentione ove.
It is to be 15 Itis to be noted in Figure 7 that the vias are clean, i.e. no copper is backsplattered
onto via walls. In addition, since the barrier metal in the recess 14 is conductive,
B , an electrical connection to the copper 8 has now been made possible therethrough.
The use of a metallic barrier does not significantly increase capacitance. Such was
not heretofore possible with the dielectric silicon nitride. As is shown in Figure 7
20 that the implementation of this invention also resolves the issue of Cu deposition
on via sidewall since the Cu is capped with barrier metal during plasma etches and
sputter etches. The additional advantage of this invention is that the cap barrier
metal is fully self-aligned to the underlying Cu interconnection. The vias may
now be filled with a metal by similar techniques as mentioned above. It is to be
25  understood that these steps may be repeated o provide a series of suitable layers

and conductive paths over one another on the substrate.

13



25 understood that these steps nmay be repeated to provide a series of
suitable layers and conductive paths over one another on the substrate.

0 8 DEC 2003 What is clained is: |I. A process for formng a mcroelﬂaﬂ:ﬂﬁ'foﬂﬂﬂﬂ:
devi ce which conprises: 5 (a) formng a first dielectric |layer (4) on a
substrate (2); (h) formng a trench having inside walls through the first
dielectric layer (4); (c) lining the inside walls of the trench and
covering a top of the first dielectric layer (4 wth a first layer of a
barrier nmetal (6); (d) filling the trench with a fill netal (8) and
covering the top of the first layer of the 10 barrier nmetal (6) with a

| ayer of the fill nmetal (8), wherein the fill nmetal (8) and the barrier
nmetal (6) have‘g'!?b%tcb'fh‘fqdaﬂy different renoval selectivities; (c) renoving
the layer of the fill nmetal (8) fromthe top of the first Iayer of the
barrier netal (6) and formng a recess (12) in the rill netal (8) in the
trench extendi dgAteocassifenfemingyemigtoelepteonicajovios whithecofpriss: | ayer of the
barrier netal ) f (4); 15 (f) filling the
recess (12) @wthr?rﬁgn J;'?rrsﬁdé{l&&ncqé l-?Z%JJ’ﬁlgj;tﬁ%%)f)nalIy depositing a second

| ayer of the béb)rfpmnmallchhnwrtgmﬂmkwaﬂpthm‘ugmﬂneffs:due;!tctde)y)ar(do;f barrier netal

6 f he t
of thetiret | &g IRiacilN: ofBE QR W Rler i o BRI bE R BRRrri BORDLT (6]
t he recess (12)wmbudh=fﬂ4yattcftatbmibammléﬁ). metal (6)in the recess (12) conforns

to the t f ; h
dgpos?tlgg g se{)%fgj%gﬁg %ﬁ%}pgflﬂch g"gfas?igid&ﬁ}f%ﬂ%% ?%o?ﬂ}C?g’E] ec?p%c | ayer
(4) and onti§ trfremcba‘rtpluté)rw'ﬂmlayereﬂm fill migtal (81 sberein g Fill: megad 68) @nd tht bamitmg a

via (9) thfOUQ%&$%}ﬁ%@ﬂ@tﬂi:§m&ﬁ?{éﬁﬁ¥§&el&%@l&Xte”d' ng to the barrier

metal (6) in the recess e via (9) with a neta], 25 2.

The process of @r%mwng%@*eepﬂhf ﬁ@"ﬁ??@?@ﬁ@fé@kﬁf%ﬂf&)’w'{f@e@Mrl ses a

silicon cont alnmamgs;m %Hﬁﬁga&@c@h&%m! mﬁﬂ.ﬁaxrz@l.ym@&encﬁ SxlehFRP AW 1Q%ANE
pol ymer, a sil ?’xanc | ene ot'her) fl'uori nat ed

PO
pol y(aryl ene e ﬁlg\y)thc lap ?l'ya{hbﬁ"alr!@(%"ts‘?{? I?aggr weal (6) on thc first d:electnc layer (4);

15 (f) filling the recess (12) with the barcier metal (6) and optionally depositing a second
layer of the barrier mewal onte the top of the fiest layer of barrier metal (6);
{g) removing the optional secund layer of barrier metal from the top of the firse layer of
barrier mctal (6)and leaving the barrier meial (6)in the recess (12) such that the barrier
meta) (6)in the recess (12) conforms to the top of the underlying fill metal (8) in the

20 wench; '
(h) depositing a second dielectric layer (16)onto the first dielectric layer (4) and onto the

- barrier metal {6)in the recess (12); and

(i) forming a via (9) through the second dielectric layer (16)extending to the bagrier
mctal (6) in the recess (12} and filling the via (9) with a metal,

25
2. The process of claim 1 wherein the first diclectric layer (4) comprises a silicon
containing polymer, an alkoxysilane polymer, 2 silsesquioxane polymer, a siloxanc
polymer, a poly(arylene cther), a fluorinated poly{arylene ether), a nanoporous silica or
combinations thereof,

30

3. The process of ¢laim 1 whercin the substrate (2) comprises a semiconductor or
insulating matcrial.

14



conbi nations thereof. 30 3. The process of claim| wherein the substrate
(2) conprises a sem conductor or insulating material. 14 U 8 DEC Zﬁ@%Efwa
The process of claiml wherein the substrate (2) conprises gallium
arsenide, germanium silicon, silicon germanium |ithium niobate and
conpositions containing silicon or conbinations thereof. 5 5. 'f'lee
process of claiml wherein the fill metal (8) conprises copper. 6. The
process of claim1 wherein the barrier nmetal (6) conprises a materi al
selected fromthe group consisting of titanium titaniumnitride, tantalum
and tantalun1nitride 10 7 The process of claiml| wherein the renoving of

the fill netal I S co d, by, one nore processes selected fromthe
group consi sti f‘rg pr@‘l‘?é?ﬁ Ffﬁﬁlﬂl%ﬁ” %cu(%)mowgﬂscs &“&’é‘?’rﬂ"“ce?tdﬁhl ng, wet
etching and el g&heaRa] s@&ahwmoﬂr&rrﬁamudx utm@mmoeﬁt@%d%h thidﬁs %ﬁuﬁ\ﬁ,\%pf oduced
according to‘the process of clarm1. 9. The process of claim1l erein the

via (9)is till gleqnar sornbindtions theredlect ed hum t he group consisting of

al um num asum num al | oys, copper, copper alloys, tantalum tungsten,
titani um and nlxtures thereof. 20 10. A microelectronic device conprising a
substrate (2),3-aMipestcesof tlaim bykareiy by fif metah€8) camtsisescwprer.(2) ;. a trench
having inside walls through the dielectric layer(4) : a lining of a

barrier netal E Z on the inside walls of the trench; a fill metal (8) in
the trench bet Pracsss of lamighessin tha Barrisrgiiaid (Qrepingriset 2 mpterial seleried,  wher ei n

the All netal {&h uifodiBndiits bethanhiin, Binfim 460 AR Bt hli@lnletadli f f erent

r enoval select|V|t|es a covering of the barrier nmetal (6)on the fil
netal (8), 1%hi ch covering spans the linings on the inside walls of the

french And covlfmgam&seoraelﬁmhe@efmihbﬁerﬁdvin of Bk &1 (Q&cbmc&aspsﬁb a

second dielectric layer (16) on dieleCtric ayer and aon’ the
covering of th® BHF PT%?&??é'Ela‘I“d(fE’}“ ‘h‘aﬁ'&“&WFl&“‘(é Q&lj@?Fha“m‘ polishing,

plasmn etching, wet etching and electropolishing.
15 & The microelectronic device pruduced according to the process of claim 1.

9. The process of claim |, wherein the via (9)is filled with a merl sclecied frum the
group consisting of aluminum, aluminum alloys, copper, copper alloys, tantalum,
tungsten, titanium and mixturcs thercof. . ‘

20 '
10. A microelectronic device comprising a substrate (2), a diclectric layer (4) on the
substrate (2); & Lrench having inside walls through the dielectric layer{4) ; a lining of a
barrier metal (6) on the inside walls of the trench; a fill metal (8) in the trench between
the linings on the inside walls of the trench, wherein the {ill meal (8) and the barrier

25  metal (§)have substantially differcnt removal selectivities; a covering of the barrier metai
(6)on the fill metal (8), which eovering spans the linings on the inside walls of the rench
and conforms to the top of the fill metal (8) in the trench; a second dielectric layer (16) on
the dicleciric layer (4) and on the covering of the barrier metal (6); and a via (9) through
the second diclectric layer (16) extending to the covering, and a metal filling the via (9).

30



the second dielectric layer (16) extending to the covering, and a netal
filling the-via (9)_ 30 15 0 8 DEC 2003 1 1. The m croel ectroni c devi ce of
claim 10 wherein the via (9) is filled with a netal selected frong e 2003
group consisting of alum num alum num all oys, copper, copper alloys,
tantal um tungsten, titaniumand m xtures thereof. 5 12. The

m croel ectronic device of claim 10 wherein the dielectric |ayer (4)
conprises a silicon containing polyner an al koxysilane polyner, a

si | sesqui oxane, pqlyner, a silqgxane I , .a poly(arylene ether), a
f1 uori nat ed pg}‘y?g¥§q‘°§?1%°°g{’?féﬁﬁ‘:‘cea"fﬁgﬁ%%@%ﬁﬁ“g‘lel"laé I3 Hlled A et ons
thereof. 10 18leciidiom the gaiup consistingofdunine, alimidvai ahod)dchpuhiadppiralibiie

substrate (2) taﬁi&w,itﬁ%ﬁm,gﬁdnil{gpmd%ﬁﬁ[:ﬂsq‘ﬁ:rcoﬂer mani um silicon, silicon

germanium |ithiumnidbate an conpositions containing silicon and

conbi nations thereof. 14. The m croel ectronic device of claim10 wherein
the fill netal2.(Bjc oismplismic dojepef claihd 0bicrcilinbe ditledtclant {4)@ahprisdeyi ce of

claim 10 wher giibod RGta Rl Bt Al % e E@F | sekected from

the group cons?]str% ng %ﬁ’l{g{;{o@m u.mm‘{"?@_g’?ffﬁ n#%%?ﬁ%?m anﬁeﬁlﬁ*ﬁ'ﬁq‘"’ﬁxﬂngnt al um

nitride. 20 1Bolymer, & puly(uryleuc ether), a fluorinated pely{arylene cther), a nenaporous siliea or
combinations thereof.

10 13. The microelectronic device of claim 1014 whercin the substrate (2) comprises

gallium arsenide, germanium, silicon, silicon germanium, lithium niobate and
compositions containing silicon and combinations thereof.

14. The microclectronic device of claim 10 wherein the fill metal (8) comprises copper.

15
I5. The microelectronic device of claim 10 wherein tﬁe barrier metal (6) comprises a
material selected from the group consisting of titanium, titanium nitride, tantalum and
tantalum nitride.
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