WD 03/ 060983 PCT/ US02/ 37758 BI LAYER HDP CvD / PE CVD CAP I N ADVANCED BEOL
| NTERCONNECT STRUCTURES AND METHOD THERECF Technical Field This invention
rel at es gepasabdsg3to the manufacture of high speed 5 sen eomdisor/s1758

m croprocessors, application specific integrated circuits (ASICs), and

ot her high speed integrated circuit devices. Mre particularly, this
invention relates to a novel bilayer cap in advanced back-end-of-Iline
(BEQL) interconnect structures for sem conductor devices using | owk
dielectric materials. The invention is specifically directed to a bilayer
cap conprising hi GHLASAER HPBCYINGPE (VI b INADY ERBEQLt j on (HDP CVD)
materials and pl antpaRPRARGSST SARBEAREYIORD MERRYIL Pt CVD) material
in advanced BEOL Tetarftzatromnm structures, and a netnod of formng the

bi | ayer cap. Background Art In sem conductor devices, alum num and al um num
al | oys have been used 15 as the traditional interconnect netall urgies.
Wi | e al um num based netal lurgies have been the material of choice for use
as netal i §ﬁﬁg@g§§k§ over the past years, concern now exists as to

whet her al neet the demands required as circuit 20 density and
speeds for sem conductor devices increase. Because of these grow ng
concerns, other materials have been investigated as possible replacenents
for al umi num babeid inventien telajesegencaly t%t@ﬁm}mﬁmﬁpﬁg%&ﬁe%t erial now

bei ng consi der.ed otential repl acenent..for aluyum num metghlurgies is
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resistivity. Despite these advantages, copper suffers om an i nportant
di sadvant aglates to a novel bilayer cap in advanced back-end-of-line (BEOL) interconnect

Zaun

structures for semiconductor devices using low-k dielectric materials. The

invention is specifically directed to a bilayer cap comprising high-density plasma
10 chemical vapor deposition (HDP CVD) materials and plasma-enhanced chemical

vapor deposition (PE CVD) material in advanced BEOL metallization structures,

and a method of forming the bilayer cap.

Backeground Art

In semiconductor devices, aluminum and aluminum alloys have been used
15 as the traditional interconnect metallurgies. While aluminum-based metallurgies
have
been the material of choice for use as metal interconnects over the past years,
concern now exists as to whether aluminum will meet the demands required as
circuit
20 density and speeds for semiconductor devices increase. Because of these growing
concerns, other materials have been investigated as possible replacements for
aluminum—baséd metallurgies.
One highly advantageous material now being considered as a potential

replacement for aluminum metallurgies is copper, because of its lower



Copper readily diffuses into the surrounding dielectric material during
subsequent 5 processing steps. To inhibit the diffusion of copper, copper
i nt er connwots/oenve3 of t en capped with a protective barrier [payarso2/€xies met hod
of capping involves the use of a conductive barrier |ayer of tantalum
titaniumor tungsten, in pure or alloy form along the sidewalls and
bott om of the copper interconnection. To cap the upper surface of the

copper i nt eh6RpHBiICHY @%leo@roﬂh@’aﬁ@ﬂ fdird @ @nptedsid@ingisusl hd welhagitd ri de 10
(S'3N4) is typically enployed. Figure | illustrates a conventional BEQL

i nt er connedowstresistivite utilizing copper rret al li zati on andi he protective
cap | ayers descr.

0 The interco t st ruct a | ower
substrate ( 10) ?Sgﬁ ﬂ%ﬁe dé’r?fltélg?ﬁ F%%I?ect, su ‘?rr“' Ot AR r%{lts(ﬁgeglgéﬁtggé
transistor %opﬁeﬂfeﬁhi?f&ﬂffu%s' 1ﬁﬁ()5the EdrddundenaTBIRLyic kileMia] asriddsidBeduher - | ayer
dielectric (I'LD), overlies the substrate (10). ILD |ayer (12) may be

f orimed of girbéessing diepki BeinhiiiiGhy dlfﬁm@x/@frwppfrr, eQppghisEICoIREets eat

structures | L 2 ef er |,0 ol i c.thernpset

mat eri al sd@ﬂpﬁgagﬁ%k?ﬂgivéﬁ Fg%ﬁ?fca éFﬁEQ#%%W%£W%¥W8§@§IF‘ﬁe Bol ymer
avail abl e fg %J&%e%ﬂi@?%@ 68{anfeAR AN iun ¥} tAERe% Rpups et fotmyer (11)
may be di sposed between the substrate (10) and ELD layer (12). A layer
of silicon ahd)rtguhdeid(ewal)ls arsl hmppnmfethe yopret gperseehegtorEl T tap/ibe uppar) . Silicon

PHARNE T CON e T

Colrbductor (1353)\1 1§t§%@6{1§r&§}1§y@gopper in advanced i nterconnect structures,

but alter natl vV | Um num or other conductive material. Wien 25
conduct or (15) |Elgmtarip¢1ustraaesch dohveitomabBEOLantekdomeect (itIuC)tullesltqberHIger abl y

[ mor~(14) GBPEyBrielipnor Gy Pouise RSP ROER Am R ungst en or
nitrides of;, e?&?l‘ﬁeéf%frﬁétﬁre b rf%@soa IMEMa%f(IQW%HEﬂy doaBiln Iogicrade
coplanar with the top surfac silicon nitride layef (13), usually by a

cheni cal - nediaitieteabenpoduick s (rﬁlelB)torst dpdielacimpayeayEl), c(om)lonlsﬁnaWB@St ypically
of silicon nltl’l(i] ,

Tfr (19) SRR HEicER Do odeias Herhbergn Rke FHLES e AT BORRE di f usi on
of copper  Zm¥hPFAR0RERE @b%ﬁ%@g@ﬁn advanced interconnect structures,
ILD layer (12) is preferably a low-k polymeric thermoset material such as SILK™
(an aromatic hydrocarbon thermosetting polymer available from The Dow
Chemical Company). An adhesion promoter layer (11) may be disposed between
20 the substrate (10) and ILD layer (12). A layer of silicon nitride (13) is optionally
disposed on ILD layer (12). Silicon nitride layer (13) is commonly known as a
hardmask layer or polish stop layer. At least one conductor (15) is embedded in
ILD layer (12). Conductor (15) is preferably copper in advanced interconnect
structures, but alternatively may be aluminum or other conductive material. When
25 conductor (15) is copper, a diffusion barrier liner (14) is preferably disposed
between ILD layer (12) and conductor (15). Diffusion barrier liner (14) is typically
comprised of tantalum, titaniom, tungsten or nitrides of these metals. The top
surface of conductor (15) is made coplanar with the top surface of silicon nitride
layer (13), usually by a chemical-mechanical polish (CMP) step. A cap layer (16),
30 also typically of silicon nitride, is disposed on conductor (15) and silicon nitride

layer (13). Cap layer (16) acts as a diffusion barrier to prevent diffusion of copper
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from conductor (15) into the surrounding dielectric material during
subsequent processing steps. Afirst interconnect |level is defined by
adhesi on wooawo6®ms3 | ayer (11), ILD layer (12), silicon nitCirdsot/ayes (13),
diffusion barrier liner (14), conductor (15), and 5 cap layer (16) in the
i nterconnect structure shown in Figure 1. A second interconnect |evel,
shown above the first interconnect |level in Figure 1, includes adhesion

pronot er | gsef cdnb8tor [15Didta ey suibAhding dlelevatc miateriaDduringysmbseq@t, di f f usi on
barrier liner (21), conductor (22), and cap layer (23). The first and
second | ev@resessyrg/stges. f or mned by conventional danascene processes. For

le, f ti f 10 th ' ' yh
Goposi £ on_of _adnisr BYEBPUE: BFSRLe-Ru By BARAR poRbEr AREAR LD D) (1) 1
deposi t ed %&9(1@@,&@%&%@1@rl@gtefa_(13P,amffﬁsiéxisarrier lifiert(n4), torddacratB)jald is a

| ow-k polynmeric thernoset material such as SiLKTm the ][OD material is
typi cal |y spp hyap@b) idhe giteeannecphysrctuip propvmimFigard - tbs¢®Rbve sol vent, and

d at el evated ture. to Sili ity : is 15
deposi t ed dHieEnEne BVESHRITLPa T PiyERte o e LA ° adhesi on
promoter  la¥&ion gidnof tayeR 0 8) AV BN lafek§) 9)akiEcémairi@alayar(Dex diffisiong a

conventional photolithography and etching frocess, to format | east one
trench and bairir litre(21), cenditvee (326 and eap layes (£3)piTdeifirst and seepndilevelsdi f f usi on

barrier |iner . The trenche and vias are then_fil,le i net al
such as coﬁ’ﬁ?é’rb(et%zr%q%%%Wﬁﬁté?r@fd?@?fﬂferprgcefﬁe 5t I’(l)\?/ %ﬁ%ﬁ’a@ utiaﬂrﬁ Ogamatscene
process. ExgegsoflinddrcrhebaBRY ®dgiy with dWposiféidsfaEesibn pAinhoter 18P | ayer (23)
i s deposited on copper conductor (22) and silicon nitride |layer (20). Due

to the needl$)oNdxowhe Briperagariat 6l P nodapesitadpnsd adhesivoppenoelivei@Pbn, cap
| ayers are ically deposited at te ratures hel.o OcCr-rhceor di ngly,
ca% | ayer Iégﬁlglégﬁd’é‘%/tﬁl%ﬁs ?low-gﬁoiyﬁqr&qﬁmog?%geﬂgli S\Pl‘llvﬁﬁlgﬁ 2 nl%@ét?]lganlceg Y
chem cal VBH(Z%rm&{@lF?&l%& tpRang Eﬁn%@i%cg lgiven GpoReasply HotaRe bRregloesi cal  vapor

deposi tion DP CVD) "wherein the deposition tenperature generally ranges
f rom about saB@hiCandcurad eutle GO tEmpRENGYDNaxi siHDm Tvble fayerd2Pdse been used

}c_@\l;@ecz PY iOt egés‘itr%g %éitﬁgﬁjlfg ili glg B}éﬁde:‘]g}r}grc(g&? ﬁ%?aryeld ?l\é‘) ,Ca%hggg# {)r%(r\i;[o%ri ng.
layer (18) and cap layer (16) are then patterned, using a conventional
photolithography and etching process, to form at least one trench and via. The
trenches and vias are typically lined with diffusion barrier liner (21). The trenches
and vias are then filled with a metal such as copper to form conductor (22) in a

20 conventional dual damascene process. Excess metal is removed by a CMP
process. Finally, cap layer (23) is deposited on copper conductor (22) and silicon
nitride layer (20).
Due to the need for low temperature processing after copper deposition, cap
layers are typically deposited at temperatures below 450°C. Accordingly, cap layer
25 deposition is typically performed using plasma-enhanced chemical vapor
deposition (PE CVD) or high density plasma chemical vapor deposition (HDP
CVD) wherein the deposition temperature generally ranges from about 200°C to
about 500°C.
PE CVD and HDP CVD films have been used for many other appligations

30 in semiconductor device manufacturing. However, in using a cap layer such as



-3 WD 03/060983 PCT/ US02/ 37758 silicon nitride for copper interconnects,
conventional PE CVD or HDP CVD silicon nitride filns create reliability
probl ens. wHDB/0YBB fi | ms such as silicon nitride provi de s®O#FMNIS0L/37758

el ectrom gration protection, as conpared to PE CVD fil ns, because HDP CVD
films nore readily 5 stop the novenent of copper atons along the

i nterconnect surface in the cap |ayer. However, in a conventional HDP
deposi ti on gilicnattidedorseppe iatef@nneds, icontdneohiDPE CVD adfDP&Mp, and a crack
in the cap layer often develops at this seamdue to stress within the
struct ure. Skcoprutride didtas gregie ighability PEORIEPE on of the cap layer overlying a
copper conduct or I, Gonduet qr . . Ll Q.10

noi sture and ot hIg]r)Hsth}?gggﬁS?&oé%;‘/sggéﬁg nln??a%é ﬁggééegﬁgéﬂéervegﬁ%gﬁ?rﬁhgn portion of

the cap | ayetectivieak yompartdeo PEDVD fitms, Gepaise EMRIQVDofiinmsayioleaesiilyosed to
noi sture diffusing through the ILD. In the latter case, the seamis of
relfati vel y $iomibe megaest of GORPIA@RE doRs the 18terqonnent sarfageiin the 689 1ayeri con

di oxi de as D | al -t he 0 ' diLf figsphon
t hrough si Iéé@%‘%ﬁ 18%::% %@%@"%ﬁﬁfgﬁ &fy}ﬁ%ﬁgﬁ Sfe?%qlg ﬁ%rg{egéﬁk%cl?égt ructures
utilizing |OwWDkcapQiyeRRIng @ cidtkrintmadapdiyel 6ftérd developatethigdeamsdiehoas Si LKTm
this seamis of greater concern, because the rate of noisture diffusion
t hr ough nostrespwihigrihasincewe Hohe kragh devdlensdn p portionafithetap layer gh.  Mor eover

any crack i o%ehgﬁl]gca%plg&yc%ﬁdlﬁ Ly th%?c;]gpéé} Cg)gglgc?& d}q%}j l;eul%.h&)l[sf é}&)togedt t}ae 20 1LD

t hrough t he 'se resu C fusion,” a‘copper nodul e may

f argn under hbRne@nd GMErsolfe® Bbbxyiche. HaBébrack tdveldpoRPL poflddWfeha @y | ead to
| eakage bet ween adj acent interconnect |ines. Another signjficant

di sadvant adeyseveryingedLApMheoeppes opducipramay br epostd@ mpisHrg ow- k |
dielectric eri @{rlg%g\%gpgﬂeirgﬁlte!l%cthelrrﬁg%%gglggamlﬁts fhrglaﬁ%y n%i§orCVD process

can enabl e THt'EPa and Wi cﬁm eriafs causi ng

undesi r abl ecopb@nae stéreofestitruciéutiladatedniibaue ks e ¢l PahdtéGalmat eri al s
can be significantly mtigated by the use of PE CVD filnms. Moreover, in
typi cal PE eomseithgmsate ofgneisiamg qllﬁ)l/lﬂ@n irgugh silicon dioxide is very low.

15 However, in interconnect structures utilizing low-k polymeric thermoset dielectric
materials such as SILK™, this seam is of greater concern, because the rate of
moisture diffusion through most spin-on and CVD low-k materials is relatively
high.

Moreover, any crack in the cap layer may lead to copper diffusion into the

20 ILD through the seam. As a result of this copper diffusion, a copper nodule may
form under the cap layer through the seams. This copper nodule may lead to
leakage between adjacent interconnect lines.

Another significant disadvantage occurs when HDP CVD films are
integrated with low-k dielectric materials. The energetic reactions of the HDP

25 CVD process can enable interaction with and within the low-k materials causing
undesirable changes to occur.

Such changes in low-k dielectric materials can be significantly mitigated by
the use of PE CVD films. Moreover, in typical PE CVD films, no seam is formed
during the deposition process. For this reason, PE CVD cap layers have been used

30 to cap copper interconnect structures in earlier ground-rule devices, such as the

0.22 um technology node. However, in more advanced ground-rule devices, such
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during the deposition process. For this reason, PE CVD cap | ayers have been
used 30 to cap copper interconnect structures in earlier ground-rule
devi ces, wooh/oa®ss he 0.22 Itmtechnol ogy node. However, PCTHS0OB3HEYanced
ground-rul e devices, such -4 WO 03/060983 PCT/US02/ 37758 as the 0. 18 Mn
t echnol ogy node, PE CVD filns have been found to be inferior to cap |ayers
formed by ot her deposition techniques such as HDP CVD. In particul ar, PE
CVD fil ns gemier@l$ ynexbhtvlégypwde PE aiiieSironhive telwe favagpebe inferidrace. Typi cal
PE CVD silicon nitride filns exhibhit adhesion values in the range 5 of
about 5 t o RRdayersfarmechby othey deppsition taghideessuely a3 BRP ¢¥P- cvD sili con
nitride filnms exhilbij } u j (Wal term ned
by a four-point )ﬂ;‘ 2%%‘1%%@?3’? gﬁgllést §e ﬁaﬁ%lggﬁg#ggé&éﬁ%%ftg Ithﬁs&ﬁg%e
del am nat e safacd. Orygﬁ!i@ll PEI®VD silieg hitgas fiknaechisiopdiesiohivakss inae rangel ar | y

i

during subsequent electric depositions, netallization, and

cheni cal - nexfisbeutdap lessitham] higuleaim’ ewhereaniypigalddRPeiD siicen nitdde opper

met al | ur gy,.,addi tian i nsul.at i r er al ' nosit ed over
the cap | g%jrs .exf#@@é@%‘?s} %ﬂ%@eesqoggﬁ{)&@ §%1|g§|ﬁlo’na%odfeyeiﬂrqﬁsrlﬁ le?? fénfg&lpg@gé S onto

the cap | ayghd adthdslonReamidaechnidues PRAVDHil6R inalékanihiie a6é forlalaters 0 peel
fromthe copper surface. This delamnation results in several catastrophic

failure nedvyanpaiesnedicopperdings particdriygluring spbsagegnt diedactiia dapesitions.f t j ng

duct di f.fusion from'.1 ines, and
ol oot o gritr i, oRE Pleabi-thEhaNoura ity SRERBARE dBRRR b as ™
progessi ng dappsanétgingsy natitRRahsdlfen gSikidre Sehefdlly willebehRpeiirag lover tyer

general | y occurs during copper cheni cal -nechani cal polishing. Thus, there
i s a need icapiayer.aowevar, subs¢qyerirdepasiden osmpwlating layers pniodheeap laxati bi ti ng

20 +op oD TR AR Fuf g B 8 wR s B IR MR ocur e of
I nvention Tihgs 851RIRNBn 48RS indRderabayRtapkic i€ srekhnisiugtudige of the

present invention, which is directed to an interconnect structure forned
on a subst rlifting interlayer giclstwics diftingrbenpicreonductorre cepnen diffisiondemr i ses a

i gl oot Tl © NS SN0 (LS 200 SUDSLLAGicn I TR AY Bn B 521 d

dual damascene processing where delamination of the silicon nitride hardmask

layer generally occurs during copper chemical-mechanical polishing.
Thus, there is a need in the art for an interconnect structure cap layer
exhibiting the superior electromigration protection and adhesion characteristics of

20 HDP CVD films, and the superior coverage of PE CVD films.

Disclosure of Invention

The problems described above are addressed through use of the present
invention, which is directed to an interconnect structure formed on a substrate. In a
preferred embodiment, the structure comprises a dielectric layer overlying the
25 substrate; a hardmask layer on said dielectric layer, said hardmask layer having a
top surface; at least one conductor embedded in said dielectric layer and having a
surface coplanar with the top surface of said hardmask layer; a first cap layer on
said at least one conductor and on said hardmask layer, said first cap layer

preferably being formed by a high density plasma chemical vapor deposition (HDP
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top surface; at |east one conductor enbedded in said dielectric |ayer and
having a surface coplanar with the top surface of said hardnask | ayer; a
first capwbagmsosen said at | east one conductor and on saipdTheaozisrsk | ayer,
said first cap layer preferably being forned by a high density plasna
chem cal vapor deposition (HDP WO 03/060983 PCT/ US02/ 37758 CVD) process;
and at | east one second cap |ayer on said first cap |ayer. The second cap
| ayer may LEvDppiteekspahdedt Yeastibrieasatendaphadr os waill fast day layephlisd seabnd/apor
deposition (PVD) process, by a spinh-on process, or even by a HDP CVD
process usﬁaﬁéjaYBY@é)éb%fWérthaBY§méﬁbﬂ‘f@P@ﬁfl’ Yebas PrasBYSIR§aRBr the fir st

cap layer. [The.5 s d lLayer .| f.er fLQr - enhanced
chem cal vadpeBSSIé%Pegosizl bt?rgﬁegflb%ac{%l)l %Bﬁ%ogcggsé @%@ bglrare]iggﬁm %\;ﬁé}%?ggﬁ is also
directed t aisthgPRbdredphmb@fsdiffereBnfromtheveasedfie thesfirstietpiageroTha substrate.

I n one enbodi ment, the method conprises the steps of: depositing a
di € ect ri c seeandrdap layehistpieferhbsiormed by ¢ Rlasepywnhyices ghempicalovagpe| ectri c

| ayer, depaositi.n sk material on said dielectric |ayer, thereby
formng a hcgpaﬁﬁ%ka)lé;?g%pﬁe%syer s, said hardmask |ayer having a top
surface; forni NhedfredeREinileida i9 RO dREcted oS@indihdd & esrhiingan ayer; filling

said opening with a conductive material, thereby form ng at |east one
conduct or, istgiednoent dimectare onapsuhsirate. heressebodgpeinde mathad qomprisep sur f ace

of said dielectric. l.ayer. depgsiting.a.first 1 i i d conductor
by a high cfh%tlei’%/dpfl%%)ﬁﬁmgﬁeﬁ%s%qw \'}‘g%eor}afl 8%%%?_5%“? ?tgaﬁé’§%ﬁ% %@B?n t ocess,

t hey eby f orditie@ria 1dykf, dbpdsiting PRBinadRa@ARIOS daiDdicRcERANY, theber i al on
said first cap layér, preferably by a plasma-enhanced chem cal vapor

deposi ti on foRENGDArdmaskdaysr or hgershspid bardinask layerdeving adep swideer . Bri ef
De i pti f. Draw 20 The. f of, the.i. t. hel i. dtob
novel  and_ tRENBEARERTORe SREEE L Eoar ¥l TTERErSREMRE BT or Ch wi t n

parti cul ar i doydhdlive e @pnaneesy fdrhihdi leabhendicnahfes saitieoh@ictdr Havigr at i on
pur poses only and are not drawn to scale. Furthernore, |ike nunbers

represent |4 kefabecoplanas with thhopdusfasnefsaididielertmigdaster;olepositingd first however ,
both as to organi zation an t hpd,of operatio may best. he. under st ood
by* $ ef eren cré‘a'gﬂzﬂt%es a{ﬁ&"&ﬁ?@iafn‘?‘?e% B’tglhé{e P%ﬁ' Wn&%c%g}l?%v‘%?ortdae R(gsrll&?nn

(HDP CVD) process, thereby forming a first cap layer; and depositing a second

material on said first cap layer, preferably by a plasma-enhanced chemical vapor

deposition (PE CVD) process, thereby forming a second cap layer.

Brief Description of Drawings

20 The features of the invention believed to be novel and the elements
characteristic of the invention are set forth with particularity in the appended
claims. The drawings are for illustration purposes only and are not drawn to scale.
Furthermore, like numbers represent like features in the drawings. The invention
itself, however, both as to organization and method of operation, may best be

25 understood by reference to the detailed description which follows, taken in

conjunction with the accompanying drawings, in which:

Figure 1 is a schematic cross-sectional view of a partially-fabricated

integrated circuit device illustrating a prior art interconnect structure;
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conjunction wth the acconpanying drawings, in which: Figure |l is a
schematic cross-sectional view of a partially-fabricated integrated
circuit dwoiosm6i9Bd ustrating a prior art interconnect stru®CEUESP2/3BH58\0

03/ 060983 PCT/ US02/ 37758 Figure 2 is a schematic cross-sectional view of a
partially-fabricated integrated circuit device illustrating an interconnect
structure in accordance with a preferred enbodi nent of the invention; and
Fi gures 3(a)- 30)Figdrt 0s¢ 4 sdhematicredobeskctionalfvaewrion g phrielly-fdbeicalednect structure
5 of Figure 2. Best Mdde for Carrying Qut the Invention The invention wll
now be desértegra@dipjrcis levienidlastaingia 1RCEoRpest yirngurein §eqoedance Withide fi gur es,
vari ous aspegl s PlmbOfosliditides,igygnpeen shoun and schematically
represented in a Sinpl'iTied manner to6 nore clearly describe and 10
illustrate the invention. For exanple, the figures are not intended to be
to scale. In addition, the vertical cross-sections of the various aspects
of the structur &Sguee3(a)-p(lLidlustated methasklion forrieg HeduipePnget SIHEHEE Those
ski_lled in % e art will appreciate, however, that with practical

st Puct ur es L RE¥E° 4spects wi Il nost likely incorporate nmore tapered
features. Mdireover, the invention is not Iimted to constructions of 15

any particular shape. Although certain aspects of the invention will be
descri bed BestMode fardtartyinggOutsdhe Inventien conpri si ng copper, the invention is

not so limted. Al though copper is the preferred conductive material, the
structure of the present invention nmay conprise any suitable conductive
material, such aheahwdHtiBy Rl 28w RRIRErIbRE by Qefei@ts & tBe accopiRbginged

enbodi ment of the interconnect structure of the invention conprises a

| ower substfigates. (11 U@)figudsc varivaly aspeatsaifthe sgicturey hayaibeen ghosvpednds such as

t i st L A di tric | (1 ' Ly k inter-|
i ol ect r ¢ Pttt Eorestued oA sfrpbfiba pS TR plork HRARR BBl ot er * Payer
(331) may GRu@i.ges adehginern ckhfpRURSHIAE® dd Ad)inRAGedRoBeltay@ile. (hl12) . A 25

hardmask | ayer (113) is preferably disposed on ILD | ayer (112). At |east
one addition, the vertical cross-sections of the various aspects of the structures are

illustrated as being rectangular in shape. Those skilled in the art will appreciate,
however, that with practical structures these aspects will most likely incorporate
more tapered features. Moreover, the invention is not limited to constructions of

15 any particular shape.

Although certain aspects of the invention will be described with respect to a
structure comprising copper, the invention is not so limited. Although copper is
the preferred conductive material, the structure of the present invention may
comprise any suitable conductive material, such as aluminum.

20 Referring to Figure 2, a preferred embodiment of the interconnect structure
of the invention comprises a lower substrate (110) which may contain logic circuit
elements such as transistors. A dielectric layer (112), commonly known as an
inter-layer dielectric (ILD), overlies the substrate (110). An adhesion promoter
layer (111) may be disposed between the substrate (110) and ILD layer (112). A

25 hardmask layer (113) is preferably disposed on ILD layer (112). At least one
conductor (115) is embedded in ILD layer (112) and hardmask layer (113). A
diffusion barrier liner (114) may be disposed between ILD layer (112) and

conductor (115). The top surface of conductor (115) is made coplanar with the top
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conductor (115) is enbedded in ELD | ayer (112) and hardmask | ayer (113). A
diffusion barrier liner (114) may be di sposed between ELD | ayer (112) and
conduct orw03850983he top surface of conductor (115) is nmadeTAPL/3TT88 Wt h
the top -7 WD 03/060983 PCT/US02/ 37758 surface of hardmask | ayer (113),
usual ly by a chem cal -mechani cal polish (CW) step. A first cap |ayer
(116) is disposed on conductor (115) and hardmask |layer (113), and a

second cap shyerof hadifjask $aydi 61n6$,e1duall'y Hyia &tenﬂax}rrh@jnemicﬂbbﬁ}h (GMP) r st

i nterconnect | evel is defined by adhesion ormt er ?1 er i%}’ ILD 5

| ayer (112Ptephﬁﬂrfﬁﬁ§4@1P$%Féﬂ1Q)139¥POSG¢PP&§F tqfaﬁlﬁ)é\n iﬁafﬂ?# % %y, conduct or
115 f th

i(nt ea connlerfl%g’ta?l@c %%gﬁdséai)]ig}erl(ﬁfﬁﬁ&?@ggq Sﬁﬁééet%ﬁda yl 1]‘]135)01)2%0? | evel ,

shown above the A fifs$ lntd:rﬁbﬁ’fe@ﬂ]éﬂ@lﬁi défmed by aidhesforgproenoler layec (udgdLBdhesi on
pronoter layer (118), ILD layers ( har dmask | ayer 1202 di ffusion

bar5r: er |i tayer (IﬂZL)hard;waae@ﬂl@izbijfusm P@?lebh%ﬁrl(éVércqnﬂﬂgPl A4 10 second
ol ect 1 o T lver 01BY R secbbi bl R A Dlip TR ke Ol BB 201 ©

Sui tabl e diekRaid2.CA seedrﬁnhwr@onhétﬁ levdE sﬁ@wﬁ) @vomhe dirss intécomedi lexélde
materials; fluorinated silicate gl ass anl C 1ool ymeri c_ thernoset
materi al s, usFigium)% inslydesraghesion Eiomfi@eﬁ( ers { brhafﬁin%ped silicon

oxi de; Spl | sesgui n squi oxane
(g ot tpe SePEetftiin hnERT Mt A ondeBE L 122 S BIBEETS RS ana
\cie benzogy&,lnglwﬁmy@r (1B4B) -based polynmer dielectrics, and any
silicon-containing Nowk dielectric. Exanples of spin on lowk filns vvlth

Si COHtype corrpchDtlﬁms (idi2h gnéilllg)s@qnb@md@lﬁ any sitableiclp¢iEe ude

HOSPT bl 0 f J
Synt heN'E ?\éa @i )al{ ﬂlgtlgg %\(ﬁe‘?}%&? Br e?eﬁf’ éy%ﬁ#tgéﬁgg}e?&h%omr g;n aapan
di vi si on ofdRafuR ARfhdeRasbn-Rped ﬁﬁé&ﬂc&iokﬁﬂhﬂﬁa’cérﬂléﬁ)ﬂuﬁﬁh&éd gilisaté gleas | abl e

from Applied Materials). Exanples of carbon-doped silicon dioxide
materi al s, (BSG); @rr@mmlly@nes theirmeset thatepialse kilicpmeryeatady 2¥aPHabl e from

ar‘iﬂ-(lsgd nawfté]%rll ?s)s f@e)sdmzﬁ@c% sahcorl\ll(o%/d%l épalrl? Io(ral gflasgép, Msegd&&?a)nes,p‘n exanpl e of

including hydrogen silsesquioxane (HSQ), methyl silsesquioxane (MSQ) and
mixtures or copolymers of HSQ and MSQ; benzocyclobutene (BCB) -based
polymer dielectrics, and any silicon-containing low-k dielectric. Examples of spin-
on low-k films with SiCOH-type composition using silsesquioxane chemistry

20 inclade HOSP™ (available from Honeywell), JSR 5109 and 5108 (available from
Japan Synthetic Rubber), Zirkon™ (available from Shipley Microelectronics, a
division of Rohm and Haas), and porous low-k (ELk) materials (available from
Applied Materials). Examples of carbon-doped silicon dioxide materials, or
organosilanes, include Black Diamond™ (available from Applied Materials) and

25 Coral™ (available from Novellus). An example of an HSQ material is FOx™
(available from Dow Corning). For this embodiment, preferred dielectric materials
are organic polymeric thermoset materials, consisting essentially of carbon, oxygen
and hydrogen. Preferred dielectric materials include the low-k polyarylene ether
polymeric material known as SiLK™ (available from The Dow Chemical

30 Company), and the low-k polymeric material known as FLARE™ (available from
Honeywell). ILD layers (112) and (119) may each be about 100 nm to about 1000
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(avail able from Dow Com ng). For this enbodiment, preferred dielectric
materials are organic polyneric thernoset materials, consisting

essent i alwg oafo6owas bon, oxygen and hydrogen. Preferred di e@caatsoz/s7sat erial s
i nclude the | owk polyarylene ether polyneric material known as Si LKTm
(avai l able from The Dow Chem cal 30 Conpany), and the |owk polyneric

mat eri al known as FLARETM avail able from Honeywell). II1LD layers (112) and

(119) may ea¢ihidkeb@bele 14¥249s A cheh platuiablsl 6t 608 niBhRR/ UHO A83ectric
PCT/ US02/ 37758 nmthick, but these |ayers are each preferably about 600 mm
thi ck. The cahsiinsdorILO lagern ¢1 nnd 6F 1 pigppisyablsatont 5 tgahoyt Piy)pngd s

preferably about .1..8 t . nd nost preferably about 2.5 to about
2.9. A terﬁB?S?B%eF%f?ﬁ%g?‘%ty)lg$§° %f%&%gand (119) may be forned of a porous 5

di el ectric mat erdigpatSERN IS 14Yes0ELRTMd(@1Bithabefothedvfa poBaoduct s) and
XLKTm (a porous version of FOx, available from Dow Com ng). For exanpl e,

|f 51LD | aliedecri¢ mawyiaksuck asidpselleK Polemitebls remeHr Bendyets) endeXEELY | ¢

material, the dielectri onst. f esg | re. | y less than

about 2.6, @ARGFOUSVERHOP ngé?c"e%%%}e fg%ﬁ]"wl&%m?%g%%g}. é’ﬂﬁlﬂpﬁéﬁ%% icularly

preferred tjQudds@ 18 arfdl @29) fe BOYERARITIsGeH RpbuREEkctHO nid@ésil) tak diedctiity a :

dielectric constant of about 1.8 to 2.2. Adhesion pronoter Iaa\ﬁrs (111) and
Y an

(118) are moeftextaifilyesakryats i9 preferablyilest thanghgutdad, dvd is Brwpldyeigr y
material suitabl g f nhanci ng .adhesi on of the diel [}C rjal in
'TLD | ayer shpdnhy e i GRtedRRerTaal oiss g Sipeplsel bt nBEL R, ' 1
SilKTm i s usadifihvink R di@¥&Ee codstank ol BSbut 18%b 2. Adhesi on promoter 15 |ayers
(111) and (118) nay be formed of an adhesion pronoter known as AP4000

(al so avai | abl e AdtesoiipeorDotar Biyensi(Ehl) a@d (hldn pie. preferabiaahout Qyat Bigki 13) and
(120) may be formed of an uitable dielectric, matertial. | ne preferred
enbodi nent ,anﬂé‘i‘aé'ﬁ’gscl?mrpz% %@’ﬂ%@%ﬂ&“ﬁﬁ@%ﬁ“ Sphancing qdhesion Ogﬁh?i colr[: nitride,
and pr ef er afiliyciHauBidiaf RIS 1dERN 1 P) 288 QLL9) %ch%%né%ﬁﬁg akrgmbe Bersi | i con,

about 30 to 55 atomc % nitrogen, and about 10 to atom c % hydrogen.
Most pr ef erexbinple, tiSEE™S i wsed domliLi jagers hEL20 ped ( 10h\pdhesiopapen®terconposi ti on

Ofl 5ab0ut 4J]aj%[rg H‘ l(f) f%f 31'1%§r?199 bg ?grl&}ed%% arzil Elghngsﬁ)n%rgrin% e(r) fown 80 gPﬂ&fbu t
(also available from The Dow Chemical Company).
Hardmask layers (113) and (120) may be formed of any suitable dielectric
material. In one preferred embodiment, hardmask layers (113) and (120) are
formed of silicon nitride, and preferably have a composition of about 30 to 45
20 atomic % silicon, about 30 to 55 atomic % nitrogen, and about 10 to 25 atomic %
hydrogen. Most preferably, these silicon nitride hardmask layers have a
composition of about 41 atomic % silicon, about 41 atomic % nitrogen, and about
17.5 atomic % hydrogen. Alternatively, in another preferred embodiment,
hardmask layers (113) and (120) are formed of silicon carbide, and preferably have
25 a composition of about 20 to 40 atomic % silicon, about 20 to 50 atomic % carbon
and about 20 to 45 atomic % hydrogen. A particularly preferred composition is
about 27 atomic % silicon, about 36 atomic % carbon and about 37 atomic %
hydrogen.
Conductors (115) and (122) may be formed of any suitable conductive
30 material, such as copper or aluminum. Copper is particularly preferred as the

conductive material, due to its relatively low resistance. Copper conductors (115)
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17.5 atom c % hydrogen. Alternatively, in another preferred enbodi nent,
hardmask | ayers (113) and (120) are forned of silicon carbide, and

pr ef er ablwohawer98s a conposition of about 20 to 40 atom c P@r4is2/smsg about
20 to 50 atom c % carbon and about 20 to 45 atom c % hydrogen. A
particularly preferred conposition is about 27 atomc %silicon, about 36
atom c % carbon and about 37 atom c % hydrogen. Conductors (115) and (122)
may be for med (022)anyy cuidimithadl carduieitions of 8heneltmental Diffusidn besrieopper or

al um num Copper is particularly preferred as_th conductive material, due
toits rel altqe\weqlw%ﬁﬂ(#%Bi@%Ya%’a?ﬂse&aB@FH@éﬁaﬁ%ﬁgﬁﬂ?“(lﬂag)a@ SO 03/ 060983

PCT/ US02/ 37 . ?ﬁ% i I rations of other
el enent s. dz&gﬁlgfglﬁar{%éﬁf%% @%gbgh{f?qufégﬁg?%gﬁ%) may conpri se one or
nmore of the fol |Fiwtog lmére (118 and (123h aly befoimddaofisilitpn hitrids tséitoand t he

nitrides of these netals. First Q?PE’ | ayers, (116) and (123) may be forned of
si 13 con ni t9arkide, berqn rigile og ofher pRitAble diplegiricanateldeandarepisgsrably ¢ abl e

di el ect 11 ¢ MRS Lahs o Mb GUB BEELE! Rl bed ORI 8 108 Dapigocess. It

has been di'scover eposi usin process

provi de supsiigd HBME¥DGRoRESIpduesupérictladhidsi@irgrsapérivt elocasinidranae.
However, materials exhibiting simlar properties but deposjted bg ot her
processes rgsistaneso Heveyss dnaterials exhibitipg sinpitay praperties Hyt dengsitedd)other r st cap

| ayers 10 (116 n 2 [ r rahl - silicon
nitride ha\ﬁrﬂ%e)sgle% Ig#naﬁp%ogligetlﬁgﬁ f%]&%tg%%gﬁ g%ésa@c%g)s%%;{fg%' ?15%%% ]%%)% about 40
to 5 atomi(q18pMidi(1289eke mdschreeably forined SBHBPOOVD sitidoyidii@ige haviAg a
particularly preferred cor‘rBosi tion for first cap | aéers (116) and (123) is
about 40 ateempesyiesiof pbat 30 4» sl atogrc S siliren. ghowi40rte §e atonis  BIOZEN 8 at oni c

% hydr ogen._Fi rst er 116 n 2 5 fer .each _have a
t?}i ckness i‘aWdt gut a%glgl %%mg%%&?@eﬁowlﬁm&r%gﬁg?C&gbéﬁl@?ﬂa y in the
range of abmyt capQageds B36) shd ($28)0BAbE@ROl BRI (ilibdn, oGt {2Adhionwy be formed

of silicon nitride, silicon' carbide, boron nitride, silicon oxide or
ot her sui t abiregei endehauf 8 atpatie % hydrogen Hirsé caplepgre (HIS) 9nd oi2ded using a PE

CVJI.% proces Spret%?aﬁ)%p gacﬁ%%vé g Ml%k%e:gsli:rlizcﬁe %%ge 811 gb%)ut 35 & 700 A, and most
preferably in the range of about 50 to 350 A
Second cap layers (117) and (124) may be formed of silicon nitride, silicon

carbide, boron nitride, silicon oxide or other suitable dielectric material, but are
preferably formed using a PE CVD process. Second cap layers (117) and (124) are

20 most preferably formed of PE CVD silicon nitride having a composition of about
30 to 45 atomic % silicon, about 40 to 65 atomic % nitrogen, and about 10 to 25
atomic % hydrogen. A particularly preferred composition for second cap layers
(117) and (124) is about 37 atomic % silicon, about 48 atomic % nitrogen, and
about 15 atomic % hydrogen. In another preferred embodiment, second cap layers

25 (117) and (124) are formed of PE CVD amorphous hydrogenated silicon carbide
having a composition of about 20 to 40 atomic % silicon, about 20 to 50 atomic %
nitrogen, and about 20 to 45 atomic % hydrogen, most preferably about 27 atomic
% silicon, about 36 atomic % carbon, and about 37 atomic % hydrogen. In yet
another preferred embodiment, second cap layers (117) and (124) are formed of PE

30 CVD amorphous hydrogenated nitrogenated silicon carbide having a composition

of about 20 to 34 atomic % silicon, about 12 to 34 atomic % carbon, about 5 to 30
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20 nost preferably formed of PE CVD silicon nitride having a conposition of
about 30 to 45 atomc %silicon, about 40 to 65 atomc % nitrogen, and
about 10 woO 03860983 om ¢ % hydrogen. A particularly preferr@dTasopassgi on for
second cap layers (117) and (124) is about 37 atomc %silicon, about 48
atomc %nitrogen, and about 15 atom c % hydrogen. In another preferred
enbodi nent, second cap |layers 25 (117) and (124) are forrned of PE CVD
anor phous lyanicde natasgn eid hlomn 20 &y 50 stemih Gviydgogenc mwoptgutierably alfoubbout 20 to

40 atomc %silicon,, oyt 20.to 50 om c. % nitrogen nd,.about 20 to 45
atonic % h@&r%égﬁfmﬂ’ﬁ?? S‘E‘F@?’@Pﬁ‘ﬂllgta%ﬁfo% ‘%lcg,r:lgpg, a%%uglr(ﬁo%@rf"?o%out 36

atomc %c g@cﬁﬂ & 90 preferred
enbodi nent%?g{(::bégﬁg@g%p a$3?§4?51‘1‘%7 &g?ﬁ%@?%{gﬁ%ﬂ%@%ﬁﬁro ?t] Eﬁ%lo CvD

anor phous Hy2#)quefambdeach hewgethatkeesssn thecangeaft dbiodiel 0tkiwi 1990 &, edhposi ti on
of about 20 to 34 atomc % silicon, ahou to 34 atom c % carbon, about 5
to30 -10 %tl?{:?f@%l%@tw&%éé‘g%"itﬁégto&@é%‘c % ni trogen and about 20 to

50 atom c % hydr. A 51‘@1b<1¥4 hout, g%mfeg 39 At QrenhiYops | 1 con,
about 15 to 30 as(’t%g%ﬁhcc Anggerrggn??a out )‘;_1%9*'06 at ngg % ni tlg ogen and about
30 to 45 at@VviDdilfis/wyhkre genotabddckndssdan thayanige (fhbdyt @0do 10A®RA) Ipr ef er abl y
each have a thickness in the rangg of about 100 to 1000 A, and 5 nopst

pr ef er abl y o0 ephedimagngehese thigdli CYBfilms eaglpmay bedeanad ol 4be 4mFer s (117) and
124  serj ' il e - |
( ) rmay Qﬁat&%l r‘rﬁ]qh % sificSft Pftlgcgeé(}{‘n a&%@rt é;rﬁi%(%% H*eﬁﬁm pPHeyS fifag tota

t hi ckness i's Tn'the range o one enbodi nent, these
thi;m PE CVimdy heorfed bf ditfrdpembrriaBgsuch at bticemnitrideysiliepn ahrbidsusitic@s si | i con
nitride. In another enbodinment, the thin PE CVD filns 10 may_ be fornmed of

di fferent rexidss pilipan oxyearpide and/pr wlicpmrxyengenitdde.  therseeendiaRdayes| | i con

oxi de, sili i r1Shald ); I tride. cclThe second cap

| ayer al soa?s(r%aq?%ﬁ%&%%@ rerggf %I?é;%@érl??gﬁ @?@?é@%ﬁ%%@%gﬁ% bility or

hi gh- af f i nidialectflt €lia¢ tuid Ww-pdrikability drdvw pEfiniepdiclectric fiims] aeh af theni ty
dielectric films, such as the lamnated diffusion barrier described in

co- pendi ng lammatedghiffpson pyriesdgscringd in £g-neodingd) - ekprlicatier Semdio16, 2001 and

e LS SRR gled Ao SRR, sl 1S
disclosure of which is incorporated herein by reference. The second cap layer may
comprise alternating films of different material or a series of films of the same
material together with films of a different material. For example, the second cap
layer may comprise: three thin films of PE CVD silicon nitride, each having a

20 thickness of about 5 nm; a thin film of PE CVD silicon oxide having a thickness of
about 5 nm; a thin film of PE CVD silicon nitride having a thickness of about 5
nm; and a thin film of PE CVD silicon nitride having a thickness of about 5 nm.
As another example, the second cap layer may be formed of a series of PE CVD
films comprising: a thin film of PE CVD silicon nitride having a thickness of

25 about 5 nm,; a thin film of PE CVD silicon oxide having a thickness of about 5 nm;
a thin film of PE CVD silicon nitride having a thickness of about 5 nm; a thin film
of PE CVD silicon oxide having a thickness of about 5 nm; a thin film of PE CVD
silicon nitride having a thickness of about 5 nm; and a thin film of PE CVD silicon
oxide having a thickness of about 5 nm. The series of films may comprise up to 6

30 layers of the same or different material, or may comprise more than 6 layers of the

same or different material.
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conprise alternating filnms of different material or a series of filns of
the same material together with filnms of a different material. For

exanpl e, wbasmewwsnd cap |ayer may conprise: three thin fipCrasot/3 P8 CVD
silicon nitride, each having a 20 thickness of about 5 nm a thin film of
PE CVD silicon oxide having a thickness of about 5 nm a thin filmof PE
CVD silicon nitride having a thickness of about 5 nm and a thin film of
PE CVD silicon mlterhgtevehgsedogd@ap huyeds iekA and (EH4) mtayDerformeEbyamot her

exanpl e, the second cap |layer_nay be forned of a series of PE filns
conpri si ng:PhYSIEH;VAPes ‘FerPPﬁmeﬂ)@%P‘éﬁcFﬁsc'%ﬁha PRIRORPEOTEY IR GVER D Bliess of 25

about 5 nMcanliibdded bifll Blacks cttdhdld:t LR PRy LA 1B Biifltagg s Of about

5nm athin 0 fcon nitri Vi ng ness of about 5
nm a thinlhydem of PE CVD silicon oxide having a thickness of about 5 nm
athinfilmof PE CVD silicon nitrjide having a thickness of about 5 nm

and a thin fil m3k ipEroupedisirpesre ofdligwe 2 mray tsfosmedby: k Aa®ascete hout 5 nm

The series cﬂl];l agrﬁa{@ex{%o&%m% ?ﬁéﬂﬁ p%o%,s?s s%gwhygi éé)sf3(£1)h§(j)g?ﬂ:f§i or different

material, or nhay conpriseée nore ayers sane fferent
material . Web&ksd PRESy Bedin SR/ BBddiEon il ddaediad proghoter Ispeent)oap | ayers
(117) and (124) may be formed by a physical vapor deposition (PVD) process,
by a spi n- oubgraseeds), apd l%f@é‘ﬁwﬁé by depypitioph IbPdayes §1 14 ongdpesirtes s

paranmeters different fr U f.or t hepti:r I he

i nter connecRmI%lf)tr%ﬁ atyﬁrrélgg]alg?%ﬁ’rg%mgﬁg%ﬁq@' P\odrhﬁgelaﬁgglocig&gralrargéségcﬁelnl 5d8§ dual
dangscene mm@%&,(lﬁl)%aﬁ& ddposiRidaseay seithMImethodi JoF esardfla)if 30) . The
process preferably begins with deposition of adhesion pronoter |ayer (111)

on - subst r sadsesian piomaerdayes (bl ipieeared 9f 4BHHK), thegasdhesion pomaisier (112) on

adhesion pr ter l.ayer.. 1), as own in Figur . i pr onot er
| ayer (111)SO§Lﬁ§ni%ay eéquééﬁy%lﬁl?)—co%@&g %rgc%ébfggﬁyggﬁgg)b%@ggﬁc t abl e net hod.
For exanpl esil KirM jeHag $o0M. P96l €2), tha¥edin ﬁlh%b): appliddy N1gdn-@batAfz4000, the
adhesion pronoter solution may be applied by a spin-coating process,
fol | oned bypracasapheved bpa baking siep koienioye geleentfapd thanm theyeal coming) | t he
reﬁj?n may b(g applied by a spin-coating process, followed by a baking step
to tenove soient and then a thermal curi ng

Hardmask layer (113) is then deposited on ILD layer (112), as shown in

Figure 3(a). Hardmask layer (113) may be deposited by any suitable method, but is
preferably deposited by chemical vapor deposition (CVD) directly onto ILD layer
(112). In one preferred embodiment, a silicon nitride hardmask layer (113) is

20 deposited in a CVD reactor at a pressure in the range of about 0.1 to 10 torr, most
preferably in the range of about 1 to 5 torr, using a combination of gases that may
include, but are not limited to, silane (SiH,), ammonia (NH,), nitrogen (N,) and
helium (He). A typical deposition process uses a flow of SiH, in the range of about
100 to 700 sccm, a flow of NH; in the range of about 100 to 5000 sccm, and a flow

25 of N, in the range of about 100 to 5000 sccm. The deposition temperature is
typically within the range of about 150 to 500°C, most preferably in the range of
about 350 to 450°C. The high-frequency radio-frequency (RF) power is typically
in the range of about 50 to 700 watts per showerhead, and the low frequency RF
power is typically in the range of about 50 to 500 watts per showerhead. The final

30 deposition thickness is preferably in the range of about 10 to 100 nm, and most

preferably in the range of about 25 to 70 nm. This silicon nitride hardmask film
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15 step. Hardmask | ayer (113) is then deposited on JILD layer (112), as
shown in Figure 3 (a). Hardmask layer (113) may be deposited by any

sui t abl e wetohoen9sbut is preferably deposited by chem cal Peapmo2/aEposi ti on
(CVWD) directly onto ILD layer (112). In one preferred enbodi nent, a
silicon nitride hardmask |ayer (113) .is 20 deposited in a CVD reactor at a
pressure in the range of about 0. 1 to 10 torr, nost preferably in the
range of alpoeferablytltsa cbﬁipbsltlkJﬁiolﬁgbcaxtGOmdnnﬁattohnm%ilhgrasabouthﬁatto F8y i ncl ude,
but are not Iimted to, silane ( 5) i a nltroa%iy ND and

hel i um ( He)Rtomict% BitEogEn. AR SOPE Hhtop?r c?é%@]sc %é}gérogem Slopretsy St he range
of about 100 to 5000

Jsﬂ?ﬁo%\%nglgg I(%?r((:l @’sk ﬁlr% Ha¥% %m’glkﬁtfléd‘ £ Buf g&,?gﬁ%gaasgﬂébtn

sccm and a he ran out scém The

deposi tion ab@ﬂﬂlﬂra@m{c%lxﬁtrogeylpmazwo)atwsratdmtl%ahyaagm of about 150 to
500' C, nost preferably in the range of about 350 to 450'C. The
hi ¢h- f requency raanegh ?rrllfaf%ﬁéy?ﬂ‘(DR&ymeﬁévaeﬁih@@ Cﬁ{}fﬁﬁi%}éﬂrﬁvlash HY%fHéH)dﬁge of

about 50 t Y egg%teﬁ’aﬁ S S ea%g%\éfﬁ E%@?Jre %%ohpﬁ 118 ‘Q’(e) fidif qﬁ@ﬂ&)ﬁ efa bly

typically in € range o rshowe e f| naI

30 deposi t itRdirdnBe 6KARIE 1 kS 1QERT, Qfsﬁnlglaycolnrmﬁdﬁ@nroag@@smataﬁguﬁcla&b bat 100 nrn,
and nost preferably in the range of about 25 to 70 nm This silicon

nitride hamm%tlilmliqdrfp Sith, MB: 03 @@OQBQGW@II@S@MQWQ/OTWM erably has a

i Togen. _dnradndiiond ifSys A SRRH Salkin bERs RS hoPdrabe iyndl 1"

sigdlg con ni trhhgbeofHBowHBSl S0DIsBagd a e fnl tAd ke absbtut 40 t®2C00 ¢ %
silicon, about 41 atomi c %nitrogen, and about 17.5 atom c % hydrogen. 5 In

anot her pr etenr dtie degnsitiongpmperatuse s tamﬁalbawbhméhmmﬁagkbquaﬁo tq113) is

d d b
or o7 or abl y 08 CrREs e geOhr PndRes ST e o PP TH KBRS | on o

gases that t?iﬁ)éallﬂﬁ'thﬁjﬁng@ﬁf about @508 700 wttsgfr EibowePhddl, mdkEprefigably
trimethyl silane and/ or tetranethylsil an?l}hgéma} A typi cal deposition

process usdhe aﬂngt @ﬁ\ﬂ‘i@ﬁlt 3@t $0G wekts pe shawrybeads 6@0@@10500 sccm and a
fl f He th t 50t The
t dber at ur dPheS B BRI nep B 00y 1 BB B fEfofigReRlab A

the range of about 25 to 70 nm. This amorphous hydrogenated silicon carbide

hardmask film preferably has a composition of about 27 atomic % silicon, about 36
atomic % carbon and about 37 atomic % hydrogen.
Hardmask layer (113) may function as a patterning layer to assist in later
20 etching of ILD layer (112) to form a trench for conductor (115). Hardmask layer
(113) may also serve as a polish stop layer during a subsequent CMP step to
remove excess metal.
Following deposition of a silicon nitride or silicon carbide hardmask film,
as described above, additional sacrificial hardmask layers (not shown) may be
25 deposited. For example, a series of hardmask layers may be deposited, such as the
hardmask layers described in co-pending U.S. Patent Application Ser. No.
09/550,943, filed April 14, 2000 and titled “Protective Hardmask for Producing
Interconnect Structures,” the disclosure of which is incorporated herein by
reference. Alternatively, an additional silicon nitride film may be deposited,
30 followed by a silicon oxide deposition. In one preferred embodiment, an additional

silicon nitride hardmask film is deposited in a CVD reactor at a pressure in the
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500' C, nost preferably in the range of about 300 to 4000C. The RF power is
typically in the range of about 150 to 700 watts per showerhead, npst

pr ef er ablwoioa/o69Be range of about 100 to 500 watts per shaoearusezs758he
final deposition 15 thickness is preferably in the range of about 10 to 100
m, and nost preferably in the range of about 25 to 70 nm. Thi s anor phous
hydr ogenat ed silicon carbide hardmask filmpreferably has a conposition of
about 27 atrefgecof%bsud 0.t anl0 @b wiosBprefattdpmictitaranehdaband talbaotr, Bingat omi ¢ %
hydr ogen. Hardmask | ayer (113) may function as_a patterning |ayer to assist
in later 20-oselipatiy dipases that Ay inglpde put yremg mieq %%@%P@h @onduct or
(115). Har ay . : i r during a
subsequent d@lg}?s}teéﬁg Eygl&%é%)sgﬁéfgéc}gs ﬁn%% \éﬁ{O%F%ﬁloWkdnglgéé&fg&ftla ?%lﬁ of a

sil'i con ni triode 700 s&dnh,iadw 6NN, de tHeatushersglabbut! 10D to 8600Iesar, aixéd flabove,
additional sacrificial hardmask Ig%ers (not_ shown) may be 25 deposited. For

exdml e, a Afé¥.iashegrngmeinabaakl (00000 seam.HEheisnesition e mRIRHIEHS t he

har dmask | r ribed i - i op. . Pat [ ' er. No.
001 550, 943 I FRLE R R b GEBRERSD RO bl HBPin BERREERPE
Produci ng  dbahie3 300880t C SThel ighrfesuendy eF gowed i sypicali9fin veiratipel of

i ncorporated herein by reference. Alternatively, an_additional silicon

nitride filabonaS0 toe/0epnsisipershovaahdad) ans\ibe 1ayy fradusnpy REPOSEF thyRIEPESi t i on.
In one pr efig rp%ﬁeﬁgaggeg{p%%lpgg %q to 50 \%jtgsl b gk?c%lverhésald! 58 I?ingjl@erl\'%%?%gar dmask film

i s deposite or-at a pressurein the - / 060983
PGIY US02/ 37K fe@ness agiefeddblpiiiotit réhge bf bBout Q016100 niplosiisrefeedbipinthé n t he

range of about 1 to 5 torr, using a conbination of gases that may include,
but are notrapgendfiabgut 2P, to§ORm. Nh@,admloaﬂcﬁ/ﬂéﬂonH@Ildﬁhﬁf%ﬁlaéléﬁhaeposi tion

process uses flow of SiHA in the r f 10 ccm a flow
of NH3 in tH{Sf%Faﬁ’b?bl\é\éSc?fcogg)gﬁ]tuofﬁg aﬁ%m%g%’gorg‘g Co/?]‘]gﬁgé% a%aiglgﬁ %)lvx? tgrg%o N2 in the
range of abpitbeehdnd sboabPPR5 atshiic % Redideansi tion tenperature is typically
wi thin the range of about 150 to 500'C, nost preferably in the range of

about 350 to 450TE subsupntghiconevpideriaydimpskdangeis deposijadiia a|¢YDireactdie r ange
? fy‘lp§ 22?:]; 5a atp?eszgr% ir\{\%}etrgn 2538 a%ggtvﬁ.i rt]éa ?(Sjtorr?rrlrgosE ;r)]r%felrgo\ely Er{ t%glil%%@(/)f RF pover is
about 1 to 5 torr, using a combination of gases that may include, but are not limited
to, SiH,, N,O, N,, and O,. A typical deposition uses a flow of SiH, in the range of
about 10 to 700 sccm, a flow of N,O in the range of about 100 to 20000 sccm, and
a flow of N, in the range of about 100 to 3000 sccm. The deposition temperature is
20 typically in the range of about 150 to 500°C, most preferably in the range of about
350 to 450°C. RF power is typically in the range of about 150 to 500 watts per
showerhead, most preferably in the range of about 50 to 3000 watts per
showerhead. The final deposition thickness is preferably in the range of about 30
to 250 nm, most preferably in the range of about 50 to 200 nm. This additional
25 silicon oxide hardmask layer preferably has a composition of about 33 atomic %
silicon, about 63 atomic % oxygen, and less than about 1 atomic % hydrogen.
In Figure 3(b), at least one trench (115a) is formed using a conventional
photolithography patterning and etching process. In a typical photolithography
process, a photoresist material (not shown) is deposited on hardmask layer (113).

30 The photolithography material is exposed to ultraviolet (UV) radiation through a

mask, and then the photoresist material is developed. Depending on the type of
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in the range of about 50 to 500 watts per showerhead. The final deposition
10 thickness is preferably in the range of about 10 to 100 nm nobst

pr ef er ablwoioa/060983 range of about 25 to 60 nm This additiPpemalS0%3175€0N
nitride hardmask film preferably has a conposition of about 41 atomc %
silicon, about 41 atomc % nitrogen, and about 17.5 atom c % hydrogen. The
subsequent silicon oxide hardmask |ayer is deposited in a CVD reactor 15
at a pressuplmtomsistheatedalgeed fexpisedipofions of thelphotapesist nmyde rendefask ably in t he
range of ahqut to 5.to si ng a _.conbi nation of gases th may i ncl ude,
but are not® eﬁf‘gllé@eof&sogiﬁ’héfﬁ“ﬂ@ evelopmenty Idsse ?‘W%P%@Pnﬁ%%bgi tion uses a
flow of Si Hhdidtelifint AagGeRbvedRAthe HoNihA 2 1Bt EG M patterh it RO 10 the
range of alt;i%ht %010 to 200%0 \éecém a%% 1a faIYE%W of %?ai r¥ t he ragnge of about
100 to 3000desoedrpatice oflrpaded. | Trenttefip o tien fosm@Dby sepiovalg hardmadkhe range
of about 150 to 500'C, nost preferably in the range of abqut 50 to 450' C
RF power i slay§rdil &2yand A oraeedh Pglémf(@a p for sam es@ectw&ﬂ?%etﬁgwg

shower head, (yRS Y, Bire - REEsigl rRhamk 1 990y RS per
shower head.(HFEZ’tl? |Brr?§§ ﬁ@i‘glatsft%@g%t}%tﬁ}%kne%g' is pr eS e%ée%?y%?n lyhe 1r ange of
about 30 tin tRBQRtohing sw@ysis folleker Hatdyask ldyee(I18haay b€ eebhedifirsbth 4reas200 nm

This additional 25 silicon oxide hardmask | ayer preferab) iﬂ has a

conposi t i omYProxgsd by S photrssistothens the phsipresifi ray te3emevsth Wi8xygen, and

| ess than : ], G r eIV east trench (1
15a) is fo?‘prfcglz& duépﬁ{geglggdghoar@/@%sg il%%gﬁu%ﬁjcﬁ%% I ﬁlgg)ﬁg%ﬁefﬁgg%t@'n}rg%gand

etThi ng pr oEdshiyed (112) dypbeathqahatagdas hbogivepddyby lprdmakdayea (130t or esi st
material (not shown) is deposited on hardmask | ayer 113?. 3Q The

. yer ( . .
phot ol i t hogr aphyFeRavepg fermagion ehersh (d Hqy) the deneh srorgfereplyrlggdatitton t hr ough

fype of - SR erERs Y QIS il PRy ShheuE SRR RiffoyRRREIEAE o0 1 he
exposed por (ilsaptodbrih bénduoni 011631 Bliffilayn barieckete (e neiytheelepsdiediblye or
i nsol ubl e during devel opment. These sol ubl e portions of the ?JghOt or esi st

are then re¥yasgable gaaoty sisbis by PAYHE (vapeisieppsian (RYIR). shemisahgprehe
desired pat » . . .
naf sk 5 BB (YD) R hizel chPitl (hpdtfiorilion AP S, EtlBitye €C0N B3

reactive i ofartiah{ing) may deposited in trench (115a) by any suitable method, such as by

plating technology. Excess liner (114) and conductive material (115) may be
removed in a CMP process, in which the top surface of conductor (115) is made
coplanar with the top surface of hardmask layer (113). Hardmask layer (113) may
20 serve as a polish-stop layer during this CMP step, thereby protecting ILD layer
(112) from damage during polishing. Sacrificial hardmask layers (not shown) may
also be removed during this CMP step.
First cap layer (116) is then deposited on conductor (115) and hardmask
layer (113), as shown in Figure 3(d). First cap layer (116) is preferably deposited
25 by a HDP CVD process, but may be deposited by other processes such as by PVD,
PE CVD, or spin-on techniques. First cap layer (116) may be formed of silicon
nitride, silicon carbide, boron nitride or other suitable dielectric material.
Most preferably, first cap layer (116) is a HDP CVD silicon nitride film
deposited in a CVD reactor at a pressure in the range of about 0.1 to 50 milli-torr,
30 most preferably at a pressure in the range of about 5 to 20 milli-torr. The

deposition gases may include, but are not limited to, SiH,, N,, and Ar or He. A
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(RIE), in areas not protected by the photoresist. Hardmask | ayer (113) may
assist in this etching step as follows. Hardmask | ayer (113) nay be etched
first in wosame9sdt covered by the photoresist, then the pootusom3i’ss may be
renoved, |eaving behind a patterned hardmask | ayer (113) matching the

phot oresi st pattern. Then, 10 ELD | ayer (112) may be etched in areas not
covered by hardmask | ayer (113). . Following formation of trench (1 15a),
t he trench fypicpl ddpesidibh ysdsianfbalv of $#t1, idilfefrasgeort dbant $ tr 125isaem, 4 fiaw) , and

t hen a conductive material. is_de ited in trench 1 15a) to form
ortuet or "G, i Tod Pnge phpabt o RERTolsEm. St fON s Ardn HeThtchs OBl any
sui tabl e a | : i<t ycal vapor
15 doposi 11 e OUBEHn RO NP S  BRAL isdFACALL e LA UG TOC

Conduct i ve torf0C| with @Tditde afapodteP030 ¢80P T moktrmuafered] Rifiafredpyenany sui t abl e

met hod, such _as by  plating technology. Excess liner (114) and conductive
mat eri al (1@5 DRRFT ByPIERtbRdbe faﬁg%O%ybp%} 250D s petshowetheasyy sur f ace

of conduct o i i t r sk | ayer
(113 Har dodhd8raBRG ne BRSO 173003050 R By b o A TS L T e
CWVP step, tfiedebyositiai thivkneg is plefRritdy ar the dnk2 )Jof hboun2danage Adaid most
polishing. Sacrificial hardmask | aye may . al so be renoved

t sh
during thi sPrefgeably Ebt-he F‘i“h‘:’@t"fé‘lé‘??t I5Q¥‘é|r3§q %2%@?@%#%‘&6@?* c&ila¥# conduct or
115 d ) ) _ ' ol I
(116) |5 priaprany poc/EyBhe b sRy R et SHth hpu i @oscP |

deposi ted bytoslid@rnipogee sssboitiS o & atoyhiPYhydrbednyBostarefepibhy sbvut 48hni ques.

First cap layer (116) may be fornmed of silicon nitride, silicon carbide,
bor on ni t ri ¥8mif %ctikieon. abaut 4B PO & BIEPLEFD AR fkeULt ) atomissP bydieger-abl y, first
cap layer (116) i . . S |l WL il ' Lh. a CVD
reactor at a preg@&%h‘?ﬁeﬁgoﬁl&lgé@&&aﬁ:Jiaér%tﬁeigf, alsg{:%n%é%f}%é#fﬂ_ly glrsr, 30 nost
preferably @positddl, assiova inlFigdre 3(edngecodll cap tyer B 17pisdflefarablyi deposited The
deposition gases may include, but are not limted to, SiH4, N2, and Ar or
He. A -15 WBﬁ/(b\éé@s@embpmﬂsqbséepqsw BwR PHESIGH VRS SeRREO f | ow of

20'Fo 1000 o P Erest I sl bR pe e S ey PR VRl RelRad 0% OF bout

process parameters different from those used for the first cap layer. Second cap

layer (117) may be formed of silicon nitride, silicon carbide, boron nitride or other
suitable dielectric. These PE CVD films may be either hydrogenous or amorphous
or both. While it is most preferred that deposition of second cap layer (117) occurs

20 without interruption of the vacuum environment of the first cap layer (116)
deposition and without exposing the substrate to atmospheric pressure, it is
possible for the second cap layer deposition to occur with a vacuum interruption
after the first cap layer (116) deposition.

In a most preferred embodiment, second cap layer (117) is a PE CVD

25 silicon nitride layer, and is deposited in a CVD reactor at a pressure in the range of
about 0.1 to 10 torr, most preferably in the range of about 1 to 7 torr, using a
combination of gases that may include, but are not limited to, SiH,, NH,, N, and
He. A typical deposition uses a flow of SiH, in the range of about 10 to 500 sccm,
a flow of NH, in the range of about 100 to 3000 sccm, and a flow of N, in the

30 range of about 500 to 25000 sccm. The deposition temperature is typically in the
range of about 150 to 500°C, most preferably in the range of about 350 and 450°C.
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20 to 1000 sccm The deposition tenperature is typically in the range of
about 200 to 500'C, with a range of about 300 to 450' C nost preferred.

Radi of r eqwersye®s8y RF) power is typically in the range of &louiSodF088to 2500
watts per showerhead, and nost preferably in the range of about 1750 to
1950 watts per showerhead. The final deposition thickness is preferably in
the range of about 25 to 700 A, and nost preferably in the range of about
50 to 350 Arhe'nhi'gls filelyie ey RECmowaniig trypistellychﬁhbaa,zgc of phaft @6 ab /90 Watts per

conposi tion_of t 30 t %silico ut 40 t 65 10 atornic %
T ogen. - v EHBat BOT SR e DRED e st oM 40
aton-dc % STlllé W nngxlé Rﬁ%o%f)f?tfplc@l Iih IROSR e@ﬁ%oﬁp@ﬂ%sﬁ) \ﬁ&t%rBe‘f %

hydr ogen. FoI osition o st cap ayer a second cap
| ayer (117)shosedepds ﬂ‘heﬂnalak:pshnomthnaknl?ssgsl peef@&fkly in Secangt dfapoutald®r (117)

s referably posi by a PE, CVD roc 05|ted by
Eysi cal t\‘?alﬁgg é)EF’Ff fer%ttﬁy o0ey FB é]%%utl%gé t‘g?d(bﬁn%g‘}fﬂ% gg@%

even by a t r those

used for e fﬁ?@%fﬂfg%%ﬁ?aéve“?fe %ﬁ%ecap R S G

silicon ni tdilicta, alScbdtl40®®65atdnmd% ninopen) andhba)u:ldan 26tatvaitic 7% hydragdne

dielectric. These PE CVD filnms may be either dr ogenous. or _anor phous

bot h. Wi | eAiparticglagyqrefgrrgd é?rfl%ﬁlte%fior &RepBd F%R ¥e 1@e‘ééh‘a“éaﬁtqf‘é§er (117)

occurs 20 W the first cap
| ayer (116)&”3%1?%? %dg%&g%@%h@ﬂ%fg{ogéeﬁ)zggg?%{ﬂgﬁ% sucstgg to at nospheri c
pressure, it is npmstiebpefdrosd dxﬂﬂ:&)diiﬁmmécm&pcdpamr(dbbd)gaPE@VDo occur with

a vacuuminterruption after the first cap |ayer (116 d gsition. In a

most pr ef er#@APEAINIdaTRated slisprcarhide |1%>5?éran(1181¢91>0ﬁ1§e BIreasorsdt| i con
tride | . h

LT e |2 Pl i SEROS e ) 8 PN SPRLRET A AR R B iyt e ane

torr, usingl e 1CoMusiag iaQbmbinagaﬁ eﬁgztsbﬁthaﬂﬁlyiy invtidedBut ibubt lanieedwot | i mted
to, S|H4 NH3, N2and _He. pi cal g)Sltlon uses a flow of SiH4in the
range of abdiis ¥Hsth E@Otfg’é‘ﬂhﬁﬂ“laéle@ oF teramsthylsijpme (4Mge OfYRIBREUt 100 to

2008 o oo b A A sl ookl 208 b R0z, The
nmost pref ergb ﬁrythleliaﬁglée)f Bo@eS0ab 2000 sdcnd SPheduhodifion €mperdtbre is typically
in the range of about 150 to 500°C, most preferably in the range of about 300 to
400°C. The RF power is typically in the range of about 150 to 700 watts per
showerhead, most preferably in the range of about 100 to 500 watts per
20 showerhead. The final deposition thickness is preferably in the range of about 100
to 1000 A, and most preferably in the range of about 250 to 700 A. This
amorphous hydrogenated silicon carbide film preferably has a composition of
about 20 to 40 atomic % silicon, about 20 to 50 atomic % carbon, and about 20 to
45 atomic % hydrogen, most preferably about 27 atomic % silicon, about 36
25 atomic % carbon, and about 37 atomic % hydrogen.
In yet another preferred embodiment, second cap layer (117) is a PE CVD
amorphous hydrogenated nitrogenated silicon carbide layer, and is deposited in a
CVD reactor at a pressure in the range of about 0.1 to 20 torr, most preferably in
the range of about 1 to 10 torr, using a combination of gases that may include, but
30 is not limited to, SiH,, NH,, N,, He, 3MS, 4MS and other methyl silanes. This
second cap layer (117) is preferably deposited using 3MS or 4MS at a flow rate in
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WD 03/ 060983 PCT/ US02/ 37758 The high frequency RF power is typically in
the range of about 25 to 700 watts per showerhead, nost preferably in the
range of wbeane®8 to 250 watts per showerhead. The | ow fPequsnyy’7R power
is typically in the range of about 0 to 500 watts per showerhead. The
final deposition thickness is preferably in the range of about 100 5 to
1000 A, and nost preferably in the range of about 250 to 700 A. This PE CVD
si li con ni tthé chmge apabhcay 60 tpH@F sacabkyd Nast aflowmpiesn theoangsf ofabouft5030 t o 45

atomc % sjlicon, about 40 to 65 atom c % nitrogen, and ab 0to 25
atonic % hﬁ&P&ﬁ@ﬁ;T%@%ﬁmtiWawwﬂg? &%?é?ﬁ’%@rfﬁ%ﬁ%?t? atfoé‘?'fé% ond cap
| ayer Ul”sdo?c?&%ﬁﬁ g’f%ra%'ri%p'ﬂi'tﬁergngébfh&%@BO@prm@ B fowbrlk t rogen, and
about 15 atomic % féroge . 10 I'n"anot her preferred enbodi nent, second cap

| ayer (117)préferablPin thyBngeodalpivo 160 oy tlogasatee dhewdrheah noat etemblyayer, and
is deposited in a CVD.reactor at a pressure in the range of 0 0. 1to
20 Rorr, nﬁ%tthep‘iaég%Pg"choyt &ﬁp Eor@or"é‘?}’ﬂje TE‘F%QB dposijiop ghig %ﬁslp,rgfbﬁ‘? g a
conbi nati o iong/ i ] i khd, NHS3,
0. ot v s AAREPL AR LR 10061 2R mtk! prferdit i RS of Poou 30T 1

deposi ti on tu566 Aa ThiowmofphdShydrogdnater aritpezenhted siticbn barbide fAMO0 sccm and a
flow of He in the range of_ about- 50 to 2000 s,cgym, The epo]éitgi n
' st

t enper at ur @reigrabiphasa qompositioniod b8 19 P4 FRIE 7 sidicer ABee

preferably j e : ' PYREmiSwt Ypi cal |y
inther angajé&g”tcwgt%ﬁo{& Qﬁl.%fu% gl&?g%at\%agg% 279%%@@815%51&-5:6@6%& rmsatgnﬁp?rsqé)f erably in
t eo r ange  diydedyen) md&i@réforabBOaboat 2B toBEr atd@dicshhaiironeattbut The 30 atatnideposi ti on
t hi ckness i s preferabl ioi n_the range of about 100 tg 1000 A and nost

pref er abl y Prsaties. #bonb 0 i 2Zanemic Ioytrogenzang akoutidf) © 45 atemisrBhous

hydr ogenat qlg,dggglsehcon carbide filmpreferably has a conposition of about 20
to 40 atom o5l licon, about 20 to 50 atom c % carbon, and about 20 to 45
atom ¢ % hydr ogesecondsip layaf(et Aahyy vdfouhe 3f ataies of this PEICYD filmbout 36 25
atom ¢ % carbon, and about 37 atomc %héggo en. | n yet another preferred

embodi ment , Whese iedoth higknpes is in theyrange of 2 to 2RP0 pndbssahr Fgenat ed

00T S AP B b P SR e R ot at 2
may be formed of different or alternating materials, such as silicon nitride, silicon
carbide, silicon oxide, silicon oxycarbide and/or silicon oxycarbonitride. As
discussed previously, second cap layer (117) may comprise alternating films of
different material or a series of films of the same material together with films of a

20 different material.

Prior to deposition of first cap layer (116), a plasma pre-cleaning step may
be performed in the CVD reactor. A typical plasma pre-cleaning step uses a source
of hydrogen such as NH, or H, at a flow rate in the range of about 50 to 700 sccm,
and is performed at a substrate temperature in the range of about 15 to 500°C, most

25 ' preferably at a substrate temperature in the range of about 20 to 400°C, for a time
of about 5 to 500 seconds and most preferably about 10 to 100 seconds. The RF
power is in the range of about 100 to 10,000 watts, and most preferably in the
range of about 1000 to 5000 watts during this cleaning step. Optionally, other

gases such as He, argon (Ar) or N, may be added at a flow rate in the range of

30 about 50 to 20,000 sccm.
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the range of about |I to 10 torr, using a conbination of gases that may
include, but 30 is not limted to, SiH4, NH3, N2, He, 3M5 4Ms and ot her
met hyl siwane®e09shi s second cap | ayer (117) is preferabl ycaapsoss17esl usi ng
3M5 or 4M5 at a flowrate in -17 WO 03/060983 PCT/ US02/ 37758 the range of
about 50 to 500 sccm and N2at a flowrate in the range of about 50 to 500
sccm The deposition tenperature is preferably in the range of about 150 to
500' C, nost pr ef BigalssB3(d)B(ehidusteatgte dornzdtivntof Bg0fitsointkd@nBect Tével, RF power i s

bt of or abl 5 Which eonaity ShedhesiPt timetoniouch b Bl el 1aR Bk Ripos: 1 on
thickness i g 1By, &fi@ias Uarri?ﬂiﬁbe? @1[ 1@2,3%3&%5?%89&&@ Qagh I%lgéro(q(l)é),b‘ancﬁn d nost

preferably in the range of abou . Thi's anor phous hydr ogenat ed
ni t r ogenat estceind ¢capdnayardit 1) ddn Figum 3(f) gfedbabitiontd{shasecompgértonmactof ~bout 20

to 34 atomc %silican, about 1 034 atomc % b aboyt 5 to 30
at offi ¢ % ni ]F?’%ld’@ﬁmér’fﬂ&a‘if’é?ﬂfltl?’@)0{26&‘3@}0%’6‘?1:{1@%/%31@ (E%r ﬁg@?ﬁy"‘hd%?) Wdef er abl y
about 22 t o 38matioi oG 1A R)gﬁg ] 9 about 10
to 22 atomc %%%t%%e(%/ @néicglgga?% tt%ﬁg%&gtlﬁ@&g%QSﬁﬁﬁg%gg%ond cap
| ayer (117)samsymbthod as thadfoodesimrpremotet ldybr (1 1PE GWBWwise) I, layast{@t D t he
total thicknes he range of about 100 to 1000 A. These thin PE 15

isin
CVD filnms &gy Be depastediuge thesams methad asithaf for LR kyei(142), pedbardmesk ge, or
they may b r i P { i s silicon
nitride, sieﬁa?égcg?@bc@é%?édgp%g?ﬁ%soﬁg tgé%%é?ﬁ}selhﬁqcag?& ag%r?%?%r?%gqgﬁg/ or silicon
oxyeoar boni tlilde. Additionk] Sadti¥Réal hardendsk Lsies, (nseshona) amp be aygprsitéd dd) may
conprise alternating films of different material or a series of filnms of
t he same neREP/E)hag Herer W2 films of a 20 different material. Prior to

deposition of fiﬁ%ﬁ?ggglaﬂ}igfh)gﬁ&s@atetﬂf?% a%n%?@fa“('l?%giaﬂﬁté&fho may be

performed in the ctor. typl ca sma pre-cC ning step uses a

source of g@bpdeatsddastame MHEBAR2E @by Be fdroied i@hadinask heer(@2@elldd about 50
to 700 sccm, and is perforned at a substrate tenperature in the range of

about 15 t 08801 E). Athesion prometerlayen (f 1&kand canpayerdd &/ naddelQ URE 2 n the
rapge of ab%%et%t@ontapplﬁggllitgoglfaﬁﬁy ﬁlatlrefrmf’g and etching process, as shown in Figure

3(g). Then, at least one trench (122b) may be formed in hardmask layer (120) and
a portion of ILD layer (119), using a conventional photolithography process, as
shown in Figure 3(h). Via (122a) and trench (122b) may be formed using the same
photolithography process as that used to form trench (115a).

20 Alternatively, via (122a) and trench (1225) may be formed by first
patterning and etching a trench in hardmask layer (120) and ILD layer (119), where
the trench has a depth equal to the depth of trench (1225), but has a length equal to
the length of trench (122b) and the width of via (122a) combined. Then via (122a)
may then be formed by etching through the remainder of ILD layer (119), adhesion

25 promoter layer (118) and cap layers (117) and (116).

Following formation of via (122a) and trench (122b), the via and trench are
preferably lined with diffusion barrier liner (121), and then a conductive material is
deposited in the via and trench to form conductor (122), as shown in Figure 3(i).
Diffusion barrier liner (121) may be deposited by the same method used for |
30 diffusion barrier liner (114), and conductive material (122) may deposited by the

same method used for conductor (115). Excess liner (121) and conductive material
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of about 5 to 500 seconds and nost preferably about 10 to 100 seconds. The
RF power is in the range of about 100 to 10,000 watts, and nost preferably
in the nrapgaoe®sabout 1000 to 5000 watts during this cle&Qr$oysoTps
Optionally, other gases such as He, argon (Ar) or N2nay be added at a flow
rate in the range of 30 about 50 to 20,000 sccm -18 WD 03/060983

PCT/ US02/ 37758 Figures 3(a)-3(e) illustrate the formation of the first

i nt er connectl22emey bevmhcm\tmddmaﬂMP@r@Bssadhwhicbmhqouopmﬁwe dfxpeduc{ct11), ELD

| ayer (112)

conduct or (@%gffs%”;‘ gzlolp ¥ ‘V%@é’r"g)éﬁi‘g chegﬁhargg@glg)ha gabf%ﬁéﬁg}%@l?) I n
Figure 3(f )h%rﬁltﬂg%ﬁB?é@?ﬁd?@h&fzn)trﬁﬁyailgdﬁﬁ’é"ﬁn{d%&ﬁﬁﬁ ?ﬁﬁst ch 1%%9 begins with

deposition o esi on pronot er 118 ayer and har dmask
|l ayer (120)Hadtasklayar (20ymhgservayes leﬂsh&)opThyeﬂr@nﬂtgphns iGMHB swpj ng the sane

met hod as that for adhesion pro (11 kewi se, ILD [ayer (119)
nmay> be depo‘%‘F’EeQHPE@?‘ﬁ’gﬁ‘gt lggﬁ%l}?é%}?{ﬂjg Hé‘fngé’f’h?}llﬁgl ayer (112), and
har dnmask | ayer i that for
har dnmask | ayer 1§}§%§’3§?¥%§§|ﬂtl on Iafeggecryié‘%@gllt%*&hé%ﬂgﬁt %gers (not shown)
may be depokdriimdskoiayer(l 20passyshoamdnEsdard 3¢y e rFi(st 28) layéd (d28)anayg) and 3( h)

illustrate the formati on of via (122a) andtrench 122b). First, at |east
one via (129psitad using the sarae PTases diah N Tirshcap 13yep 16)4%8@@&9@@(119)

adhesi on pr t I jng a 15
conventi ona (??@Iﬂﬁ%ﬁ%gr%p%gy pa?]}ggtﬁglsénrgélglro es(gtja%@aﬁg&%reé%%d?g S shown in
Fi gare 3(g()1175[hen at least one trench (122b) may be formed in hardmask
llayer (120) and _a portion of ILD layer (119), using a conventional

phot ol i t hogr aphy WhlsdaeBreseng m@%%hawem gmléule{lhﬂescvbad PIPRENCHPRY trench

Lo form o1 enih oCpoRifls HRGEhd botmiit PSHRL LBRBNMRRGRET B [ 00h) ray
be fornmed bavifidnt $iat npakioRs Altergatived, @bdifitatbnd ahd @addtione Wi bd apskedtayer (120)

and ELD | ayer (119), where the trench has a depth equal to the depth of
trench (122%ypse %ﬂﬂedﬂaéheaant Enlagin Oé&@afpregemgtdﬁ@r}p@ﬁgt ﬁléfhererf@tﬁdhtepfiezizb) and

t hf S\M dth Otfhaly {he aﬁﬂ‘éﬁ%@& cﬁﬂﬂ?&ﬂgﬂce PliL Sﬂh‘ﬁ'lt@m%&ggs?hmdlﬁcatlons and

variations as falling within the true scope and spirit of the present invention.

Industrial Applicability

The present invention is useful in the manufacture of high speed
semiconductor microprocessors, application specific integrated circuits (ASICs),
20 and other high speed integrated circuit devices. More particularly, the bilayer cap
of this invention is useful in advanced back-end-of-line (BEOL) interconnect

structures for semiconductor devices using low-k dielectric materials.
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may then be formed by etching through the remainder of ILD |ayer (119),
adhesion 25 pronoter |ayer (118) and cap layers (117) and (116). Fol |l ow ng
f or mat i orwofo3®e@sy 122a) and trench (122b), the via and tr ecchisar/ar7s8
preferably lined with diffusion barrier liner (121), and then a conductive
material is deposited in the via and trench to form conductor (122), as
shown in Figure 3(i). Diffusion barrier liner (12 1) may be deposited by

t he sane neflhiogs used for 30 diffusion barrier liner (114), and conductive
material (122) may deposited by the same nethod used for conductor (115).
Excess liner (12 1) and conductive material -19 WO 03/060983

PCT) US021 37158 | A ERbolioPanIcBITDYGheli8nd SHRRE PAB3She Lt e e 10

surface of conductor e coplanar wt e top surface of
hardmask | ayer (cbaiprisicfgacrificial hardmask |ayers (not shown) may al so be
removed during this

CWVP step. Hardmask |ayer (120) may s e as a
pol i sh-stop |ayer durddiglecticdaysubl i &p9) ovetly rﬂéeog}lbﬁ'fréf’éﬁq ng ELD | ayer

(119) from damage dur] i shi . 2 then
deposi ted on conduct odrﬁ'%?gl%ﬁ %ﬂ%ﬂ@E}%ﬁg%ﬁ:ﬁ@%gg&@lgg&qgﬂéﬁgwﬁ&lﬂn Fi gure
30). First cap |y@&nadkliayer (e 106) havapasiopaedrfas ng t he sane process as that

for first cap layer (116), and second ca Ia%er ((124). may be deposited
usi ng the sane proces@l%t?ﬂ?aqonfib‘it%@é@nﬁzéﬁﬁl pdfrdrin said dielechyc laygy | e t he
present inventi L eyl ] i LCtd with a
specific prefer ?@éfiﬂg%ﬁ%ﬁ?ﬁ%ﬁ ost%h%%(e éa&?%?%%ﬁﬁ \}%@té%%g |%ec§1ﬂsgﬂ it is
evi dent that nurefdusskahyen e, i1geg, nodifications and variations will be
apparent to those skilled in the art in light of the foregoing

description. It is thetestemlayetdHedd3ion sadat least ope panetr €112y A2enbr ace
all such alter naf ivs Ss’aicﬁ?#%&%ﬁ?l‘a&&ﬁ?lfqgo ygjiations as falling within the
e prese

true scope and spirit o rnvention. 1ndustrial Applicability
The present inventi onatil€astis®s debondicdplgyemaniat a24)wnesad filst gdp lape€ti6,

sem conductor m croprocessors, application specific integrated circuits
(ASI Cs), 20 andlZher high speed integrated circuit devices. Mre
particularly, the bilayer cap

2. The interconnect structure according to Claim 1, wherein said first cap layer
(116, 123) is formed by a high density plasma chemical vapor deposition
(HDP CVD) process, and said second cap layer (117, 124) is formed by a

plasma-enhanced chemical vapor deposition (PE CVD) process.

3. The interconnect structure according to Claim 1, further comprising a
conductive liner (114, 121) disposed between said conductor (115, 122) and
said dielectric layer (112, 119).

4. The interconnect structure according to Claim 1, further comprising an
adhesion promoter layer (111, 118) disposed between said dielectric layer

(112, 119) and the substrate (110).

5. The interconnect structure according to Claim 1, wherein said dielectric
layer (112, 119) comprises an organic thermoset polymer having a

dielectric constant of about 1.8 to about 3.5.
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of this invention is useful in advanced back-end-of-1ine (BEO'L)

i nterconnect structures for sem conductor devices using lowk dielectric
mat er i al sw0-020609€3 03/ 060983 PCT/ US02/ 37758 C ains 1. An PRTAISODSITEST
structure fornmed on a substrate (110), the structure conprising: a
dielectric layer (112, 119) overlying the substrate (110); a hardmask | ayer
(113, 120) on said dielectric layer (112, 119), said hardnmask |ayer (113,
120) havi ngb.a to’hhesimte[raumgectastrubmefsaccordéngtor@am br wihdréip, saiipdiyleetnibedded i n
said dielectric Ia 119) and. hayi a top surface coplanar with
the top surface 16-’( §é&7d 111%%1?‘6?11%{ S P ROBAY X e{?@ﬁ' MeL first cap layer (116,
123) on said at |east one conductor (115, 122) and on said hardmask | ayer
(113, 120); and at |east one second cap |ayer (117, 124) on said first cap
| ayer (116,7. 123¥he idterddmaectrstractoonaveotdigs toudhim &, wharendaiifitsocapllagem 1,

wherein said first cap layer (116, 123) is faqrne hi gh density plasma
cheni cal vapor dé&ési?t%oswnpl(lw%Q}Eﬁmﬁfr@é%ésel%ﬁ%g@amd C&™Rd cap | ayer

(117, 124) |5 oredabyofiflAf i anreth D8R halonyARRE, deposi tion (PE

CVD) process. terconnect structure according to Claimi1, further
conprising a conductive liner (114, 12 1) disposed between said conduct or
(115, 122) and said dielectric layer (112, 11921 4. The |nterconnect
structure a®cor dTIPf‘glnﬁeéC(E]nﬁ?trﬂrﬂcmf"u?qcﬁléjﬁngct@rﬁ)‘?i‘% nyherain saighiist &R 1a¥es ot er

layer (111, 118)(1@5,5%2‘8?1@&&%3{&0?1%%9h?xh u,gﬁrcbﬁ‘l ﬁ%&{ofng]o%l 40 - 119) and the

substrate (110). erconnect Structure ace ima1l,

wherei n sai d di edte@io %Gilidoaysout 32 atondid 9) nicogd, iafd aban Satgaii % t her noset

pol ymer having a dielectric constant of about 1.8 to about 3.5.
hydrogen.

9. The interconnect structure according to Claim 1, wherein said second cap
layer (117, 124) comprises a dielectric material selected from the group

consisting of silicon nitride, silicon carbide and boron nitride.

10.  The interconnect structure according to Claim 1, wherein said second cap
layer (117, 124) comprises silicon nitride having a composition of about 37
atomic % silicon, about 48 atomic % nitrogen, and about 15 atomic %

hydrogen.

11. The interconnect structure according to Claim 1, wherein said second cap
layer (117, 124) comprises silicon carbide having a composition of about
27 atomic % silicon, about 36 atomic % carbon, and about 37 atomic %

hydrogen.

12.  The interconnect structure according to Claim 1, wherein said second cap
layer (117, 124) comprises amorphous hydrogenated nitrogenated silicon
carbide having a composition of about 22 to 30 atomic % silicon, about 15
to 30 atomic % carbon, about 10 to 22 atomic % nitrogen and about 30 to

45 atomic % hydrogen.

22 -



-21 WO 03/060983 PCT/ US02/ 37758 6. The interconnect structure according to
Claim5, wherein said dielectric layer (112, 119) conprises a pol yaryl ene
et her polwo®s/060083 The i nterconnect structure accordi ng toPCraisn/i7758her ein
said first cap layer (116, 123) conprises a dielectric nmaterial selected
fromthe group consisting of silicon nitride, silicon carbide and boron
nitride. 8. The interconnect structure according to Caim1, wherein said
first cap |Byer THelib&rcob28)t stroctpre aesrding tioddainni t whateinlsaid cogducteronposi ti on
of about 40 ato g 0% §i |icon, about 52 atom c % nitrogen, and about 8
atomc % hydr og@ﬁ.’ ]éz FHEPIE &PERinect structure according to Caim 1,
wherein said second cap |layer (117, 124) conprises a dielectric materi al
selected fromthe group consisting of silicon nitride, silicon carbide and
boron nitrifte. 1The ifitkecannedrscocnecicestdingctorleinatovhateingatdoseChglgapl, wherein

omposi 1 on of AU L2A) S s EPIFELN Of ADbANTA B AIOHE B ¢ r ogen, and
about 15 aton-dc.,;%...h i ¥o r e according to
Claim1, wherei ﬁplégglgxﬂgggﬁd;chg%caﬁa érdakﬁg&p%?v%@pyﬁegges silicon

carbi de having a conposition of about 27 atomic %silicon, about 36 atom c

% car bon, and about 37 atom c % hydrogen. 12. The int,ercor‘ingﬁit %tructure
accordi ng tb-a albs mtergorapdsfugrepcsardingfoddpim [ hyhergin the plashyy donpr i ses

amor phous_hydr oganakedl il ABCAALRT0RL i kR MR YRR ARPOSI L1 on

of about 22 to atomc %silicon, to 30 atom ¢ % carbon, about
10 to 22 atom c d$dertddrfoger theagidupbansistid@ of silicdbositiesilicodochshddegoron - 22 WO

03/ 060983 PCT/ USQ2/ 37758 13. The interconnect structure according to Caim
1, wherein sai d B#iiusiligen oxycarbide and silicon oxycarbonitride.

16. The interconnect structure according to Claim 1, wherein said dielectric

layer (112, 119) comprises silicon oxide.

17. A method for forming an interconnect structure on a substrate (110), the

method comprising the steps of:

depositing a dielectric material on the substrate (110), thereby
forming a dielectric layer (112, 119);

depositing a hardmask material on said dielectric layer (112, 119),
thereby forming a hardmask layer (113, 120), said hardmask layer (113,
120) having a top surface;

forming at least one opening (115a, 122a, 122b) in said dielectric
layer (112, 119);

filling said opening (115a, 1224, 122b) with a conductive material,
thereby forming at least one conductor (115, 122), said conductor (115,
122) having a top surface coplanar with the top surface of said hardmask
layer (113, 120);

depositing a first material on said conductor (115, 122), thereby
forming a first cap layer (116, 123); and
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(115, 122) conprises copper. 14. The interconnect structure according to
Claiml, wherein said second cap |ayer (117, 124) conprises a plurality of
thin fil nwosaobosgdrned by a pl asma-enhanced chem cal vapecTdsSppsi7ss on ( PE
CVD) process. 15. The interconnect structure according to Caim 14, wherein
the plurality of thin filns conprises at |least one silicon nitride film
and at |least one film selected fromthe group consisting of silicon oxide,
silicon carbide, borodeposititg adesondinhdteriah onxgiddirkti adp layed (16l 120N
oxycarbonitride. 16 he .i nterconnect structure according to Caiml1,
Wher of n sai d di SPEEPY feIminggreopd 1% yad) et ces si || con oxi de. 17. A
nmet hod for formng an interconnect structure on a substrate (110), the

nmet hod conprising the steps of depositing a dielectric naterial on the
substrate (18l0), Thehmethby acdonding knGlaamdi7etveeem sid fixsemafetidPis dep®sjited

depositing a hardmask material on said dielectric | 2, 119),
t hereby forni ng & hhighdsauty Rigssa ghemical yapey ,deE%l%o%&Ymp@‘éeﬁs’( 113,

120) having a topiyiid @6shd HafHhg ggﬁosp?@%%gm%mage%ﬂma@he & vaberd, 122D)

in said dielectric ayer ( sald opening (1 15 122a,
122b) with a condbpotitive (PROMD)grocess.her eby form ng at | east one conductor
(115, 122), said conductor (115, 122) having a top surface coplanar with
the top surface of said hardnmask [|ayer (113, 120); depositing a first

materi al on;$ai . t 4 ] [ cap | ayer
. E@F’S %? Fhie-A fsisfitdonCapP | ay

(116, 123); I%nd%gegﬁg%ﬁgé(fogéégé%é /lusg’%% 5 ﬁdgepogalrit%lll r?gS a gecond
mat eri al on sai dnifrides indad HBPC VDIpkGeesd 2isJudet placiiaythd aubsirag istosecond cap
| ayer (117, 124). 18. The nethod according to Claim 17, wherein said first
material is depo$pgtagchamber at a pressure of about’0.1 milli-torr to about 50 milli-torr

and at a temperature of about 200°C to about 500°C, and exposing the

substrate to at least one gas selected from the group consisting of silane,

nitrogen, argon and helium.

20. The method according to Claim 18, wherein said second material is silicon
nitride, and said PE CVD process includes placing the substrate into a
reactor chamber at a pressure of about 0.1 torr to about 10 torr and a
temperature of about 150°C to about 500°C, and exposing the substrate to
at least one gas selected from the group consisting silane, ammonia,

nitrogen and helium.

21.  The method according to Claim 17, wherein said first material is deposited
by a HDP CVD process under vacuum and said second material is
deposited by a PE CVD process under vacuum, without exposing the
substrate to atomospheric pressure prior to deposition of said second

material.

22.  The method according to Claim 17, further comprising, after formation of
said conductor (115, 122) and prior to deposition of said first material, the

step of:
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by a high density plasma chem cal vapor deposition (HDP CVD) process, and
said second material is deposited by a plasma-enhanced chem cal vapor
deposi ti owo(0PB60S8D) process. 19. The nethod accordi ng to E@caiusnddr758her ein
said first material is silicon nitride, and said HDP CVD process incl udes
pl acing the substrate into a reactor chanber at a pressure of about 0. 1
mlli-torr to about 50 mlli-torr and at a tenperature of about 200'C to
about 500' C, and expopdrfigmitgea plasis preatleaning procése adticlomelugeshesgihgct ed from
the group consisting of silane, nitrogen gon and l.lum. 20. .The net hod
hccording to ol s tteiaedraveafie dEden TP % Lok sRoosme 1 de.
and sai d PE CVD pEQeRenid 8%l MaRS oPh?&i‘oQ&l fobg tiststtabahes tdURusod eact or
chanber at a pressure of about 0. 1"tofr to about 10 torr and a

t enperature of ateooidsl50' C to about 500' C, and exposing the substrate to
at | east one gas selected fromthe group consisting silane, amoni a,
nitrogen and helium 21. The nmethod according to Caim17, wherein said
first material is deposited by a HDP CVD process under vacuum and said
second material is deposited by a PE CVD process under vacuum w thout
exposing the substrate to atonospheric pressure prior to deposition of
said second material. 22. The method according to Caim17, further
conprising, after formation of said conductor (115, 122) and prior to
deposition of said first material, the step of: -24 WO 03/060983

PCT/ US02/ 37758 perform ng a plasma pre-cleani ng process which includes
heating the substrate to a tenperature of about 150'C to about 500' C and
exposing the substrate to a source of hydrogen for a tine of about 5 to
about 500 seconds. -25
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