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
coppar . becanueshgidiof aRRbERR S B RIRTERY e Bl B IR C et i 1 ey
t o el ect r onardr cthériigh sekd ie@sic@ OITO@A! @&ideR. Mdt@'lpﬁllﬂiﬁhlaﬁ?, thRlihvedsioht s | ower
resistivity. Despite these advantages, copper suffers from an inportant

di sadvant agelatestp ppovelikasien app dn pdvaseed baskendind-ling (BEQhd inigrcannecect ri ¢

mat eri al dusrn"urc]: ressut%% g&t‘ﬁ%grtlductor devices using low-k dielectric materials. The

Zaun

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



5 processing steps. To inhibit the diffusion of copper, copper

i nterconnects are often capped with a protective barrier |ayer. One nethod
of cappi ngoimwaloses the use of a conductive barrier |ayercafuSoastas um
titaniumor tungsten, in pure or alloy form along the sidewalls and
bottom of the copper interconnection. To cap the upper surface of the
copper interconnection, a dielectric material such as silicon nitride 10

(Si3N4) is shy&?ﬁﬁlhﬂt)yto%lwn@ﬂﬁgfau&i gHilluge ds donlpasdd Bla@fniau@ony el konal BEOL
i nterconnect structure utilizing copper netallization and the protective

cap | ayer s ldwsciesiseditiabove. The i nt er connect structure conprises a | ower

bstrat 10 t_el t
ransi otors. A dreplePRre SRREet roe sl B! whoBRFARC A B -1 ayer
di el ectric (fdﬂp@) rea@Y LRSS 1¥1thth§ b'lh‘%tfr@h% cﬁél@étnc nbdriaR¥Mefing dubkediRiit be

formed of silicon di'oxide (SiQ2). However, in advanced interconnect
st rauct ur es,prodelsfng atgps. Td phibisthp deff@ncamfwoapﬂov@ppepmte}mmﬁ@ts eifeatirns et

t | h t t.h |
avai | abl o FPBREHED AP EOR PRI BBbenyl ekt ganaR P s Mer ( 11)
may be di spospdulificMasier 188 Bﬁﬁnﬁ&lﬁﬁ tt[tﬁﬁlﬁm(é'le)l dg%ﬂa‘ﬂ inljfdré 8y &loy(fddm, A |ayer

of silicon nitride (13) is optionally disposed on ILD layer (12). Silicon
nitride I a)eémngtha)sidbwaﬂs)mﬁhdttynkwfdhn ceppea intérapnireadn. | By eap fthﬁ uppdti sh st op

l(:gﬁtrjct or (Sf Acq gp‘ﬁ? gg&%gﬁt%g%%‘ﬁﬁ%ﬁm’laﬁle é[ba‘%e;gged r’l%?’“@b@f& ﬁﬁ%ﬁ’? n t?%% uct ur es,

buty al tern giw (yjr&]num or other conductive material. Wen 25
conductor ?(15 IS %ﬁ pp a‘diffusion barrier liner (14) is preferably

di sposed bet wedfighieD ﬂlagteates(anZ))lvemtcbmbBE@éimterc(onﬁgct smuftﬁmsmd)lﬁlrtgar rier

liner (14) is typicall rised of ta t ungsten or
nitri d((as ZJfCOPH srg Pr@‘tzﬁ)‘(%“mﬁﬁ eP’E?[BeC“é’ErC?% erétlén%:(?lrt?aﬁajal?cbvre |gs made

copl anar W'fh rdiBedtQRu erfc%ﬁ‘%vpés S1dwet AMbstiate (‘lgﬁwhllcﬁ &i‘i@&n logrual ly by a
chemi cal - ani cal polish

step. A cap layer (16), 30 also typically
of silicon mrcurtleﬂﬂnenitssutdh aptvsmsmbtm @odldlsrcttrmrlas(elm)amﬁnsomlydcmwn|as ride

aver (19 SR S1eh 0k @Sho a5, LLNSL o0 BT FT 0By Guslt, o F1usior
surroundi ngfoﬂhsd §F§1f1écﬁ1 cHB:hQé (b, A U083 UR2QGHRBA intREARRESIABSELPS
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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A first interconnect |evel is defined by adhesion pronoter |ayer (11), ILD
| ayer (12), silicon nitride layer (13), diffusion barrier liner (14),
conduct orwpIB8)p¢09and 5 cap | ayer (16) in the interconnect PETIUs02/81768 Shown
in Figure 1. A second interconnect |evel, shown above the first

interconnect level in Figure 1, includes adhesion pronoter |ayer (18), ILD
| ayer, (19), silicon nitride |ayer (20), diffusion barrier liner (21),
conduct or §R2) cordiiekof aIP) iy e u2dhindifipdicldctsd marsiab@aimgdubexeds  nay be
formed by conventional damascene processes. For exanple, formation of 10

t he secondprosessuediieiiet | evel begins with deposition of adhesion pronoter

| ayer 18). Next,. the |ILD nateri. i j i :
pr )(;m)t eE I ;yer ?sigﬁsrt m%frf Orf%agﬁf: ﬁ%llﬁg%félrj'elg{gplalﬁg&gﬁogﬂmofhﬁg%g%ﬁé???E tE hgpm)s et
material syghy a9) SilkdchMitrids gayet UD) ratfasib@barkier Ligyi (¢4Y, tondsipion { Eppdrided, gi ven

a post apply hot bake to renove solvent, and cured at el evated
t eper at ur eap Nesat (165 in the gnerapanectsricaye shqvaoin Kigured. dbpesonted on the I LD.

iinldi ggg P;;@%I%glj_]%)%}/gvgl(, gl(h)(}eﬁp %)bgigplél?%firét {rxg'e% drl'lgn 8*18&&1 ?&F%ﬁg%fifd’ludésayer (18)

usi a ‘conven
phot ol i t hogaRRbA c}ﬁﬂﬂlo&;tr@iyeﬂglw,rmméﬁen(l%, §ioesn Aitridelagdr (20 diffieioah and vi a.
The trenches and vias are typically lined with diffusion barrier |iner

(21). The tbamiechiesr (2andondustord2?), atberpflryer é28)withe fistraad spconddevells copper to

form conductor. (22) in a 20 conyentional dual d e p . ¢sEXcess
metal is rM\@O%Héedange_tr‘?f’@ﬁ%masﬁrﬁaﬁrf’%ss%saﬁggar‘ﬁf’z‘@%ﬁiﬁg&dpgposi ted on
cqpper conguciabnd Afercéiidcibidl efins With defl6sificy 6 adhéfion pldiotérQajdie need for
| ow t enperature processing after copper deposition, cap |ayers are

typi cal |y déPodNexedhallld empaiabi 1) ésdapesitad cnso @lheapapranaigr layerddp)-| ayer 25
deposition i i cal l.Ly .perfornmed usi | as/ma- enhanced ghem,cal vapor
deposi tion I!E%E&éﬁlﬁ?atﬁ?glﬂg QF'PVH&?? Wnﬁln[ S ﬁfg?ﬁe{%% Y gsosll?‘zggb@ifti on (HDP
CVD) wher eifppt Inkd - li&d. WivRnGenet hétHage fo feb@ie about 200C to
about 5000 P R e P R e R A e

ms "have been used for many other
appl i cat i onsslveB( andcwedntdendtet tomperatire eNasin sifigen pitiidrglaydiddeMer, in using a

camer | nt FeevRaeRLte i, SHEPD R TR eI IR e Aol bbl i T "

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



silicon nitride filnms create reliability problens. HDP CVD fil ns such as
silicon nitride provide superior electromgration protection, as conpared
to PE CvDvDioBmsn9sbecause HDP CVD filnms nore readily 5 st @gTiuse2/smysenent of
copper atons along the interconnect surface in the cap | ayer. However, in a
conventional HDP deposition process, a seamis forned in the HDP CVD cap

| ayer, and a crack in the cap | ayer often develops at this seamdue to
stress w t hiilicdnhstrisie forcdopper. intefconhects rcantentiend RS VDnordHPBIAVIDN of the cap
| ayer overlying a copper conductor, the copper conductor may be readily
exposed t o SHacoRdgidg fems grpatsplabildy relemsf  oxygen. If the crack devel ops

in a portion of &PB fi A i Bg: +EQB c . uctor may
be exposed to m)]illg?ure ﬁé]iln%ﬁés}}%gsm O}ééllrl}g]ﬁgpﬁogll L Pgﬁﬁe{iﬁgﬁﬁg%%g?ﬁicase, t he
seam i s of preteafion;@k yompared to BB AOAD film#) becdse EMMEVD Snisundrerresdilyt i | i zi ng

silicon dioxide as the ILD material, because the rate of npisture
di f% usi on tSeRIRgANeNeMEBLL PP adens alopg the iptsygonnert sphregdp the Gapilasesr connect

e D T

di ffusi on tOVDU@P 1458 land @icRxckiin &iectabVAYel ofekdevelaps abdhss deamrdikeadi vel y  hi gh.
Moreover, any crack in the cap |layer may |lead to copper diffusion into the
20 | LD t hr oiiighs Withingdbasfruchue o lfythe giiack develapsdn a ppiion ofithe ¢apilayer a copper
nodul e may _farm under t yer r t e i pper nodul e
may | ead tooveﬁ1 3 aagcé)% eertc\%g%l?\&%dj{h%cce%éri@r?ﬁ %t%?(gnlgn%c?e ﬁ%lg%ﬂ 5 Rnebcftﬁer

signi fi cantméistreyanétagasoaresbBowzen. Hdke EMEX fidvelps @ & poitithegkiai &g with
low-k dielectric materials. The energetic reactions of the HDP 25 CVD
process caraenayrdying therlhd:;, thercoppercoaderton may be expes¢digoig#ieri al s causing

undesi r abl e,.ghanges. t .15 hanges. i n. | ow i Jic materials
can be si gn(?1 |%13gﬁ-fx3(}uﬁ% @f‘%?al‘?'e gléqatfeﬁga%séleg?a%% %@Bﬁ*l?%lﬁsﬁakfbreover, in
typical PE (oMBerhiih erchgheseaichsed @il silednl digkiti®Igs thePDBIthit@al pr ocess. For
this reason, PE CVD cap |ayers have been used 30 to cap copper interconnect

struct ur es hesaesgith wie efrroeisre diffasige Wireugh sijerrdigside feverplom m t echnol ogy
noﬂéa. |_|OweVﬁcl;\ivexi/erl;, imﬁtgrc%gr\l/e% gt(raﬁjct L& lliltr{'lgiirliéj 10%/— %Xiy?r%%i’c tﬁelfrﬁl%set-df'electric

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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WD 03/ 060983 PCT/ US02/ 37758 as the 0.18 Mntechnol ogy node, PE CVD fil ns
have been found to be inferior to cap |ayers forned by other deposition

t echni quewovambndsas HDP CVD. In particular, PE CVD fil ms gecareht/y77eshi bit
poorer adhesion to the copper surface. Typical PE CVD silicon nitride
films exhibit adhesion values in the range 5 of about 5 to |l ess than 10
joul es/n2, whereas typical HDP CVD silicon nitride filnms exhibit adhesion
val ues of abeid0.29 Lpowtiaslod; nods, Rie CaiDifineshdy teed fonnd pobaiinferivend adhesi on
testing technique. PE CVD filnms may del am nate and formblisters over
patterned &8ppers foraed byyathes @PP&FP‘}/te&hWﬂH@S Yeh 2V el ectric

deposi tions, i er being
deposited ont on%%é%%é%% ﬁﬁ‘?\ﬁ‘ﬂlrﬁ%@@h&?@ R%BF%ZE?%%O?@ HaéglceoPé&t;ener ally

wi |l be depaghéeedlypial PEREVDGERoh ajtdte fikloyestbtit aamb@ﬁqumes indtapesigei on of
insulating | ayers onto the cap layer w Il produce stress which can cause
t hed cap | aydiebew 5déé¢SSfﬂi1’f5)rﬂQJlﬁ’81€§/§pp%’he@%ﬁrtﬁ’ﬁl@él HDﬂQ\éDd&CQWHﬁ@‘F on results

0 several At astian el ALhHLe, RO By 8!l Mhed b L bl dipt o | aver

dielectric mIS K ors uncapped

copper |i nasend Qﬂ'l%sﬁin&@étfn‘g%cgﬁlﬂquOPE @Dfﬁlﬁﬁsmdytcﬁ:lz&mﬁat@aﬁ@f@iﬂ Bliskgen in
dual damascene processing where delam nation of the silicon nitride

hardmask laygepatigetedrcappsr lu@e,maglcamy@r@g pleseqedns diedegttigdepReifipesl

pol i shi ng. ere eed.in the structure
cap | ayer é}hﬁ%f‘tﬁ%anq F}éengu%é?‘?%l?mg?l@ n‘ggggﬁe?geﬁhgh%&l %ﬁgand adhesi on
chag act eri slobsé mdtalldQy HabitleHR 1ﬁsd1ét&1g 1apdds bhRranpeill Rrdeposetager at PE CVD
films. Disclosure of I'nvention The probl ens descri bed above are addressed
t hr ough useapfayeh erwewmubSWW@frdelP@ﬁthmf mﬁulatsngﬁay@é pelg thecamlaysit er connect
structurefarre rate. fe structure
conprises a’ pé?%liﬁers Esslxg@gl?c%%ufs%hﬁ&a tgpgﬁlb ?l?ecn%gé E’%mask | ayer
on sai d di efy¢ldlhmidaB¥e kesufifintseh@bridmslo memdﬂ@meammasms; aRLskkd ace; at
| east one conductor enbedded in said dielectric |ayer and having a surface
copl anar wilifting fgerlaypr diglettise, ldfing aonpeh emigioks, agmdlfﬁlsﬂnrféqmcap | ayer on
sajyg at | east one cond ctor

r

| & pr ef éﬂ%ﬁ’%? I58PRY WS?’@E% %f/tr%mf’ﬁ%thondzgﬁlgﬁa “Bf as r%ﬁherﬁﬁ“ geg];e{: r\s/;pg?p

deposi tion dyaRfamascéne 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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WO 03/ 060983 PCT/ US02/ 37758 CVD) process; and at | east one second cap

| ayer on said first cap |ayer. The second cap |ayer nmay be forned by any
sui t abl e wetohoen9sszuch as by a physical vapor deposition (PUDUPLETESS, by a
spi n-on process, or even by a HDP CVD process using process paraneters
different fromthose used for the first cap layer. The 5 second cap | ayer
is preferably formed by a plasma-enhanced chem cal vapor deposition (PE
CVD) processVDYp@cesearint ldav@ietseoshd cipdhyee oflsaid dirgidtap tayar. rfﬂlnelmdom form ng
an interconnect structure on a substrate. In one enbodi rﬁ t he met hod
conpri ses qahéa}’ﬁ@ﬁ%b@fomﬁéﬁﬁﬁwwbée@P@P@dthéSH?éPQPY%‘F d#Xhe substrat e,

t hereb for 0 q-f% rial on
sai d d%/el ec qum?aéﬂ]]ﬁl)l Iferﬁgérége’t%y %p?ﬁf% Rr&%&hgf %Jeﬂgafal Igﬁie)r éa%éfs sai d
har dmask | aygig ﬂ?@déb@%r&nét@ﬁs diffefedaCfom thwemsetgfoaxtthd ﬁlasmpdaﬁerormei ng in said
dielectric layer; filling said opening with a conductive material, thereby
forsni ng at seeenstcapfyeismieferably, fosmpdiby. a plgmesnhanesd ghemisakyapPice copl anar
with the to a aid dielectric layer; depositing a first 15

mat eri al oncpggﬁléo%@ﬁidﬁgpzlpr%fssa hi gh densi %/y pl asfra chemgcal vapor
deposition (HDR sef Be&fRon it AB6 A¥ctb®@fdd mgthad fof feiniggen | ayer; and

depositing a secon material on said first cap |layer, preferably by a
pl asma- enhanisexpnodes ﬁﬁrucauremwmbsmpobi qriesmboPEney Hﬁé‘@&@mﬁrﬁé‘? eby

formng a second ce ti,on The features
of the i nvetﬁ‘? PER® (E;aﬁ?pé’@% gﬁfﬁ\?@% at#gn £ Sugf)téar?%’% g* Ogr%a haerl stic of

t hegy i nvent i gAeake la§1€1t dfsl%s'ﬁtthgvﬂ hdrdRask inﬁﬂéh@lrdli did dhekbﬁlcd@jaﬁﬁﬁadby clains. The
drawi ngs are for illustration gurposes only and are not drawn to scale.
Fur t her nor eforthinge hardriask dayee pr kayenst said lr@dmé%hlam@amgtaﬁ@p G‘Fféwengs The

i nvention however, .bot an|z on_.an

operati on, ﬁ?ﬂ?nﬁé‘y{eaﬁ@nﬁ@pﬂﬁﬂ%%ﬁa&%glegeﬁg}cg%efe S%lat eﬂgé tgi%I

descri pti Orbo%h&ﬂeflﬁtémﬁthe&%%mlﬁg atae4 ymsdn@ﬂctw tshndtcbﬁdwmﬁmrgyl ng
drawi ngs, in which: Figure 1 1s a schematic cross-sectional view of a

parti al | y- faprfacacedanar wut@ghatoecsuefmwﬁ Staldibvlﬁ@télcllﬂl}{eusdepa%ltlfb@a frshri or art

| nt5e reon neCrElat%;[lgluo%ts%{de donductor ya fuggod%lsls:glty%grs/n%s&ze/m%c?aq vapor deposition

(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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Figure 2 is a schematic cross-sectional view of a partially-fabricated

integrated circuit device illustrating an interconnect structure in
accor dancwowibtnss preferred enbodi nent of the invention; pamdSk/guses
3(a)-3(j) illustrate a nethod for form ng the interconnect structure 5 of

Figure 2. Best Mode for Carrying Qut the Invention The invention will now
be described by reference to the acconpanying figures. In the figures,
vari ous aspect s Raduré hés $tdheaiatic es$isaceiohsieres bdwpadianlly-fateivewdt i cal | y
represented in a sinplified manner to nore clearly describe and 10

i | | ustr at e intagrated\ciRbit Gevicedipsteatingpdnterqeangqt ginaredp acqpstanch dtided to be
to scale. |n dditjo ert] ) ss-sections of the various aspects
of the str@){:?fﬁli%eecgé&ai?% mf)’{‘tl%gsﬂi{erlg%‘!é@%&%cgi ng rectangul ar in shape. Those
skilled in the art will appreciate, however, that with practical
structures these aspects w || nost Iikelty i ncorporate nore tapered

f eatures. Mbr eovégures He)-pGidlnstrasea methask for formiegithe dntersABRGCLETYEHS of 15
ané parti cul ?.r shape. Al though certain aspects of the invention will be
described WitH%%&pect to a structure comprising copper, the invention is
not so limted. Al though copper is the preferred conductive material, the
structure of the present invention may conprise any suitable conductive
mat eri al , BeshMade fin(earring OvcheEventiothg to Figure 2, a preferred

enbodi ment of the interconnect structure of the invention conprises a

| ower substrate (110) which may contain logic circuit elenents such as
transistors. A diglifednfibs wil}6w belbdoribed ® tenck RONB a@®ndanyinpt er - | ayer
dielectric (ILD), overlies the substrate (110). An adhesi on pronoter |ayer
(111) may Higudiss po tedignetsweaious hepesisisd thestaiciurahavg gen siownaapdr  (112). A 25

hardnmask | ayer (1 i S pre bl v..di d | LD | J12 At | t
one condué%lﬂﬁm%lf%@% re%pgesgq{ﬁig%a:%nﬁ}%ﬁ%Paﬁgvetgrﬁaqi%eargigfrzs&gl %%t)‘a%k Iaygfls
(153). A dirfditasd @B iRRhfibE FdrieR@nplel d )i dids REnbk ifeAgRohRtveaie. | 1D | ayer
(112) and conductor (115). The top surface of conductor (115) is nade

copl anar wiaghitichethe yprticzl Weds6e¢IBOIE SrePETioUSasHEt PhEie stuelzmseredf har dnmask
layer ( 113)iﬂus'%rsaye%l els%elbnyg rg'cté(l:nhg%mr?r? lsﬁagg.c %géecs%lille%qln Itl?eharg VCVM) Qippreciate,

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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step. Afirst cap layer (116) is disposed on conductor (115) and hardmask
| ayer (113), and a second cap layer (117) is disposed on first cap |ayer
(116). A WDrosied9ss er connect | evel is defined by adhesi on pCamsvzs7bayer
(111), I1LD 5 layer (112), hardmask |ayer (113), diffusion barrier |iner
(114), conductor (115), first cap layer (116), and second cap l|layer (117)
in the interconnect structure showmn in Figure 2. A second interconnect

| evel , showmfabof@atdneaskilayet (116),exedlyrtgcet cHemied]-méchakicgypolisi?(CMRBE| udes

adhesi on pronoter |ayer (118), ILD layers (119), har S er (120),
di ff usi on B&Pr ﬁeﬁrsrpwyiriﬂglls é@H%PGéPBICO’("gL?Zﬁr,aﬁ)r%‘g%qsg € (123), and

10 second | ayer ; be formed of any
sui tabl e dlfg%%’caf r |acseggr}§féealp ilg : (gﬁgﬁ%ﬁaﬁ(’u&%&f %?%icél% i]eag,t&r(lr’[‘gg)r'nat erials are
preferred. Suit abfigt ditetesieci kveliaidtiedlby adhesiamteroamtdrdmyed (idedl IEDI i con
dioxide materials; fluorinated silicate gl ass.. organi ¢ pol yneric

FSG;
t hér noset hayeetlild).diardmaskdayer ohhpe-lifnHen ‘S”Fl@jméél Det@EEetord:15) or i ne

doped sili¢on oxide; { n-.on_gal es. . Shhsesqul i ' hydr ogen
si | sesqui ofiedt 1 (1R Pd Re St SR Bye 11 PRI AL ot St R

copol yner s jpFighild. ankedid inkesonacyt tdveh uhene ab@(ehhe fiba sittercometylket]
dielectrics, and any silicon-containing lowk dielectric, Exanples of spin

on | ovvl- kdf iin Figuvd z,rin@u@yiaadltw? pr@m@@agilweélhl 183, Thip layers K10 exdmaskcherr stry
20 | HOS .  fr. 0 i | abl
From . Japatiey Hebe iR Bufiet S (ARG (237 e R (3] abave! | 20t @

Migy oel ect L@n@Tap Bayefli1gusi on of Rohm and Haas), and porous |owk (ELk)
materials (avail aItJ)I e from Apc[)I ied Materials). Exanples _of carbon-doped
silicon di oxi de InBtlaydra(ld2) ard (1dPymanbe famed of prcsuinklegliele®rioi anond T™

Novel | us) - " Rpoudbio ek Sesfofe plal BBy PR PRIFE Do oow

Coni ng) . FefarddMiSinR e dhMRhldopd fied @exidk ehRaidld; FludEhaed silisate glas Or gani ¢
pol ynmeric thernoset materials, consisti ? essentially of carbon, oxygen

n
and hydr ogéRSGRrozgani¢ pelyniedt germpsst matesialsapiticomexyradida SiCQH:- k pol yaryl ene

t | i terial k | LKTM ' . Dow Cheni cal
30 Bomphny)oitie RuoHag A poT sl e ni b Sl s iBBRRE T avai | abi o
from Honeyy@hdihg hldiBgbRyiResquidkhad (B9Q), mekB! siBgeivtindi@IsDaid 100 nmto

about 1000 -8
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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WO 03/ 060983 PCT/ US02/ 37758 nmthick, but these |layers are each preferably
about 600 nmthick. The dielectric constant for ILD |layers (112) and (119)
is preferablogoaidsst 1.8 to about 3.5, and nost preferabl ycahsor3256 to
about 2.9. Alternatively, ILD layers (112) and (119) may be formed of a
porous 5 dielectric material, such as MesoELKTM (avail able fromAir
Products) and XLKTM (a porous version of FOx, avail able from Dow Corni ng).
For exanpl em ftick, bid thésRYgyeds 4t kddh pﬂ&ﬁbrzﬁb’l}l%ovﬁﬁm hor tizit. dhesliddéctpor ous
dielectric material, the dielectric constant of these | ayeré anﬁ preferably
t

| ess than aposientForgLDaners §1 ) end H16D & Repfegablnphaut 18,18 apeut is
particul ar !%?Sgrgfe%%ﬁ@%‘at a#f?o?% gﬁganl c polyneric thernoset 10 nateri al

havi ng a di out 1.8 to 2.2. Adhesion pronoter |ayers

(111) and (118) Aafe@na@rvef}eugbhayeﬁmmﬂz) zﬁldr(mg)hh@kbe foaned oy phreugonposed of
any material suitable for enhanci ng adhesion of the dielectric material in

| LB | ayers d@amx)lc matrigh 59gh asOMtemEmTa‘eﬁava,tlah& fsemAde Beodupts) andeXbKfY e, i f

Si LKTM d D | d 15 |
CLT) and (3 PEPunssEE F e dvErbR ety GRnind SBE LA RL AR5, 2000 ®
(al so avai |1§;Q&se(1f12péﬂdT(h@9)E&Wf6?ﬂ§:m&@hc électﬁamma@dx, thayRi®t{cl13) and

(120) may be forned of suitable dielectric material. In one preferred
enbodi ment ,cohstantrod ghesé hi}’@ISSS pmi@;iblaﬂu@s (dm@jao@r?@ Mersrmesigeigralicon nitri de,

and prefera n _of. abou to 45 2 l'i con,
about 30 td 8% ]ag g 3)6 an‘& j@ﬂypﬁ Cgté’lﬂse RS G r@%ﬁ?cgalg)“{(ﬁg{dr ogen.
Magg pref erghbyal nhlid %cﬁéléétﬁe@oﬁytédtbﬁsbdh@nm@&kzlayers have a conposition
of about 41 atomic %silicon, about 41 atomic % nitrogen, and about 17.5

atoni c % hydr oge%dhe&bn@mtaotlev@lyyr,s (i hh)and (s ammrc‘@rabésdatewbamw
hardmask | a

113 f b d
preferably J’éay(f@ }rl? i y)dﬂﬁtﬁr?aléﬁg?ﬁ %efl%an&@%gﬂ Bgﬁén bﬁ?‘l I |a(r:]on about

20 to 50 atcﬁéﬂa&m!%fa?érﬁm ILc"}j%yéﬂaWIz)?anm%&) ﬁl‘é%ﬂé‘ﬂ}%@ﬁﬁf&l@nForA
particularly preferred conposition i's about 27 atomc %silicon, about 36

at omi ¢ % caxbmpleaifbibK&is Bed doroialxlagers hiid erdbdl. 19l;@dh@seqrb}?r9m(01615) and (122)
i num - capspert 1 isE b ERREPE SRR s Ry EmoRr KnSHds RB4GEPPET Of

(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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conductive material, due to its relatively | ow resistance. Copper
conductors (115) -9 WO 03/060983 PCT/ US02/ 37758 and (122) nmay contain
smal | conwerBaBdns of ot her el ements. D ffusion barrier PCriuse?/3776414) and
(121) may conprise one or nore of the followng materials: tantalum
titanium tungsten and the nitrides of these nmetals. First cap |ayers (116)
and (123) may be forned of silicon nitride, silicon 5 carbide, boron
nitride or amdh&22)3niayt cintain stngl ewicehizativak ef béder elamentar Biffusdrebatity f or med
using a HDP CVD process. It has been di scover % that material s deposited
using a Hoﬁlr@wlaﬂb%r@s@wrww&rwswﬁ%@f? & oLt TGy

el ectrom gr.at.i resistal iddrehd hibiting simlar
properties t%ﬁjt%ﬁg‘éé%gﬁrg’&ﬁg%?%ﬁ%@\rqﬁgg{t%%essesésﬁah%t% 'so be used for first cap
| ayers (116) andFifst2a) laydrs (5lt6) and (123Y atag bk Qoindelitf sdivdn (itAdg, sdicennost
preferably formed of HDP CVD silicon nitride having a conpqgsition of about

30 T 0 50 atqsrhide.dyprn pitrihe or afhst suitable delgsirigmpaierialoandiarg Bigssablind about 5 to

13 atom c % j I rr. it fiqrst cap
ayers (11ap RLOEEApEILELETHAGY Kok B EE ERTRat il e Booyied O o)

ni trogen, antheabHDP GVBpR6dess froRiddrsapaivr abhésidn adBubai@retec(rdbbgratord ( 123)
15 preferably each have a thickness in the range of about 25 to 700 A, and
nost 0 priesisieagst Howevehanateripdeedibisips siniky prepegsy bat depesitaddbycethen ayer s
(117) and (124) nmay_be f.or fe: Sl A Ry C L de, boron
nitride, siHrP%e)S%eséé?y esoo]?e l%?ﬁé& férgﬂi {ag%%%r%{léﬁ%%ﬁ(ilgé)lﬁafﬁ%? P4 l,g{'%tgjt are

pref er abl y flosyed Us3)nge moRpréRAbDY 28688 of BBPOOUDGMconaN@ids hadihgh and (124)
are 20 nost preferably formed of PE CVD silicon nitride having a
conposi t i orropfposiiientof aBot 86 ta150 atosmt &b sdigen. iabeirt 404 68 atagc TonEDLER ori ¢ %

ni trogen, an bo, to 2 m.c %o [ rfi . preferred
conposi ti onango © tﬁc%’% %%%ch’?g)}lg%hg)geﬁléﬂ%gc#gﬁﬁﬁga err?@c%%éﬁgf at oni ¢ %
silicon, abftcapBa@honil6) %#diiL3)0igaPoutaidthioriedk silitbn alboiii 32 Sodydwogen. | n
anot her preferred enbodi nent, second cap |ayers 25 (117) and (124) are

formed of RELrsAD. andrlsiibd stomid 7o brdiased Hrst raolayeraf Hicgand 2y ng a
conposition_ o out.20 10,40 atom.c % sil}Go 0 atom c %
nif[%)ogen, aﬁ{afeé%&?acgé No? qcé“fesésrrllnéﬁ%/éa%%?%%b@r%} Zﬁg)s p'%’e tg(r?%?s)ﬁqy about 207

atomc 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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% silicon, about 36 atomi c % carbon, and about 37 atom c % hydrogen. In yet
anot her preferred enbodi nent, second cap |ayers (117) and (124) are forned
of PE 30 wubsasmsphous hydrogenated nitrogenated silicon earhisd®3tiasi ng a
conposition of about 20 to 34 atomic %silicon, about 12 to 34 atomc %
carbon, about 5 to 30 -10 WD 03/060983 PCT/ US02/ 37758 atom c % ni trogen
and about 20 to 50 atom c % hydrogen, nost preferably about 22 to 30 atom c
% si | i con, agmoigt% hBrdgen 36d ab@n2Q 6@ atobon % byslvogen] Sosigpreferahtyoatiost %

(124) "o cf SP4BRY Hosioh haVESH PRI 18 S0 I ERE SPERGOP CDBUE 06 o 1000

A0, and O H%E } ARNAR Second cap
| ayers (1179)§nan ?%%)E%nlg?b%%h?ggp%%vof aoésggf ?eegé%%@a?g?}tﬁ%P%Q@)o&dWD filnmns,

wher e the t(b24Ipréfeiabknesh haee i thidkhessrindperange afabott 1@Not1600606nd. I n  one
enbodi nment, these thin PE CVD fi| ns each y be fornmed of the sane
materi al , mpﬁe@bb’i”&g}?rﬁi‘%"’r‘?f(ﬁéﬁ’mlzﬁ%éﬂgi}ﬁ@? enbodi nent, the thin PE CVD

[ 10 may De S8ty E@Zm{atgml%@sﬁm@ggga@ai IdfigRpENI L1 i de,

silicon carbide, oxXI| si 11 con ‘oxycar and/or silicon
oxycar boni t¢VOdilm§hehae cieendtat dicknassds in thesangesof abeutf l00nedO@T Aalln er nat i ng
| ayers of high-perneability or_high-affinity dielectric filns and

h
| ow per mealsitf ieﬂﬂboéirmqnévBh%SFfthiﬁiPtEyégpefli%tan]&mlaiy brdormed o thessamge | ani nat ed
diffUsi : s . S ot . o, 15
00/ 855, 687 il S Y868 phad 1 R i el e (RRREPEV PRI 07

thep di scl asayte: fokmed bLdiffletent marripiy stichas bkicen nithiye, sifcon embele, sitieorsecond

cap layer may conprise alternati ng films of different material or a series
of filns ofoxidsesikigeroxyeartids, apd/prLubemeaxygarmbANitideysl hsrseeondh eep dav6ht materi al .
For exanpl t ¢ )LSEs thig il m of PE CVD
silicon ni faﬁodgj?y ‘Zﬁ%ﬁ%@?@éﬁéﬂ%‘g LR ORI 5%1?1%513%%{ 8‘?“%%16‘&3‘]‘1 hin film of

PE CVD si | idi€lectfix fitlas Bsyiongpamiehbititynadswaltfiniapdislecicitmsasuchiagtifei | m of PE
CVD silicon nitride having a thickness of about 5 nm and a thin film of
PE CVD si | ile®iapnddiffgson hyrisgdesciibpddr sessnding dbe udrBicaHen 2&- Mot her

exanpl e, t e, Secand AR hRAYE 200 P¥n il LB nAbq BifteGbeBatr, PHhe VD

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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films conprising: a thin filmof PE CVD silicon nitride having a thickness
of 25 about 5 nm a thin filmof PE CVD silicon oxide having a thickness of
about 5 rnwp o3k n filmof PE CVD silicon nitride havi ngPaTtusorkiiess of
about 5 nm a thin film of PE CVD silicon oxide having a thickness of
about 5 nm a thin filmof PE C/D silicon nitride having a thickness of
about 5 nm and a thin filmof PE CVD silicon oxide having a thickness of
about 5 nm The Alesrhabvedf, sédohdwaprinyes ¢hii) iané (1894) heybeIorthad/ers of t he sane
or different material, or. may _conprise nore than 6 |layers of th sanme or
di fferent rRiyerilarpor depotiion dF¥B)BISeSCHY LERIDIOR PF8%sS. AF C¥¢ha # 1DR) | second
cap | ayers . i [ sition
(PVD) proc e(g%é%?/&gggsgﬁéﬁ%)ﬁg%ﬁgga Z%éé‘%g g}r? féé%\e{ rt;l%ggmg%-iﬁ)%ld f%gglrr %gg S using
process parlaygeters different fromthose used for the first cap layer. 5

The interconnect structure of Figure 2 may be fornmed by a damascene or
dudl damascene prhsdatsEcongeststraeiure Higuse @ sraydied@Fmedby-p damaseny @) - 3(j). The

rocess pre i i [ i pt I 111
on“subst  aal s RcSest s FEREGHSL B PR RERIF e ' (11T) Gn
adhesi on  piredEes plefdratigbegind #ith d@BosstieNGT ddhestog protnctérahyerAtitig®non pr onot er

| ayer (111) and 10 I LD | ayer (112) may_ be d(igosited by any suitabl e nethod.
For exanpl esubstfate ddAbingis iotlewse by dppgpitionof Th layer (b aghesim1 000, t he

dhesi . T el b i \ |
ol Toved by aPRGk1EP UL 20 sFv i BRR A5, ohefloR Briaipabh %) BO35A°D;
resj N may e papRlriem)anapbsSRipdsiedidtyl Mg suipdtde fethodl Fok exeaplbyif a baki ng step

to renove solvent and then a thermal curin 15 step. Hardmask |ayer (113)
i s then depsbesienipomaterdayesybll)isifopped gEAR therpdhpsigy peonyter) . Har dnask

| ayer (113) y be depasi.t by an i fahl h j referably
deposi ted bﬂ?ﬁﬁ%@ﬁ?@a P\‘Pé%S&%%éB@i‘#%ﬁﬁ ér%’ @%gg&?;gﬁwggsﬁ 'ﬁfayer

(112). In 3Bk §f et §6r BIPRYENBNL), the r&dih hia9Me Abpliddisy hapiflepatng ayer (113)
is 20 deposited in a CV/D reactor at a pressure in the range of about 0.1 to
10 torn, nuwecespriefl@vedbbya bakingstep snigaioye saliverfrand then sthegpgl cugsg ng a

coiw?i nat i onst%f gases that may

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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i nclude, but are not limted to, silane (SiH4), ammonia (NH3), nitrogen
(N2) and helium (He). A typical deposition process uses a flow of SiH4 in
t he rangewofozabwe: 100 to 700 sccm a flow of NH3 in thePCarge2sf7s@about
100 to 5000 sccm and a flow 25 of N2 in the range of about 100 to 5000
sccm The deposition tenperature is .typically within the range of about
150 to 500C, nost preferably in the range of about 350 to 450C. The

hi gh- f r equeegrabidias afcoaposition of Rbgut BOwWeHS hontiy pé sititdny about 30he S6ange of
about 50 to 700 watts per showerhead, and the |ow frequency RF power is
typically |aFPf{q9e0/‘)ﬂﬁﬁi§§n’chlda?‘l?SH‘t105'@ Pty Gy iogsRr fq‘i@é)él thighe fi nal

30 depost 0o M EHORS 3ol RATSL ABbkpL il IG £3008) AbrAbRMiAR, 0 100 nm

and nost pretera range o I's silicon

nitride harsgoask aftbmm%mltzogw &aﬂﬁﬂemsaﬁmw@a@a@aﬂ preferably has a
conposition of about 30 to 45 atomc % silicon, about 30 to 55 atomc %

ni tr ogen, and abBarother prefepsd spbrilana.rsikicoyeabidpbirdpagt Byarl{3) ¢ hi s

Si1i con, " aisshtipd thf sl Bl SOMEARRI 0T 90 AR M BRONE D 5 1

anot her pr ehefrangé ofatdael BE N tord) uSinlgl ACdMmEtidh B gheek dime staylinyiede, bitl3) 1
deposited in a D reactor at a pressure of about 0.1 to 20 torr, nost

pref erably &TmHOttlﬁéltqdéﬁg‘élfbeHbdﬂi; He, rignethylsilane (3MS)+#§d&rconbi nat i on of
ases t hat
tgr;smf:t hyl S|t?t5 tt}éﬁ}%"‘e (%1% of&a‘ty@tc n@?ﬁ%ﬁ ?’Iﬁé)ﬁ%\sg u(sﬁsﬁ\}gﬂow I#%%Sll\%a deposi tion

priqress usegnge dflaBvat0 t8M9B0isBerh A ai@vfﬂ%n&ﬁeﬁiﬁ@@bf%ﬁ@O&D@O(ﬂﬁCm and a
flow of He in the range of about 50 to 2000 sccm The deposition

t enper at ur scém. {[pidepasitioniemperatureés typigejly wrthlabbmangsef fout 5P nost

preferably in.the ran ahput 300.t0 4 typically in
t he range ()"JfoIa go@fmfg%e’fa Yfﬁgﬁ%ﬁnﬁ%"%‘%‘m&g@&}e g Trrht%gﬁgrer&abl y in the
range of ahgpitalkOf thedranBOoR@idus 1 H®to mfs@a%oﬂémeaﬁl makt sefleadiyf inon 15

t hi ckness is pref erably in the range of about 10 to 100 nm and nost

pr ef er abl y theranggef atmgéo%to %Q%W%tt%rﬁmwhm Th@lfglahﬂmﬁl@us hydr ogenat ed

con car har d r ef Sitlo about 27
c % si F’icg‘&?‘?s 18&38{‘}?2‘% mt %{gg OA) OUtﬁg %@n cfmé?%t Prnfera%%:y]% hydr ogen.
Har dmask | af&fangd dBaboiBYS wmmpwma@o@abﬁﬂyﬂr@nb@&@ﬂlcb@casﬁiest inlater

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

-13 -



20 etching of ILD layer (112) to forma trench for conductor (115).
Hardmask | ayer (113) may al so serve as a polish stop |ayer during a
subsequenwO@MBe®BEp t0 renove excess netal. Fol |l owi ng depasiusovsred a
silicon nitride or silicon carbide hardmask film as descri bed above,
additional sacrificial hardmask | ayers (not shown) nmay be 25 deposited. For
exanpl e, a series of hardmask | ayers nay be deposited, such as the

har dmask | ayggesofddsatr(. bedl10 torg qgsep@targhliiiSthe Patge f abppllitodttbanusstey . No.
09/ 550,943, filed April 14, 2000 and titled "Protectiv Hﬁ}ﬂﬁﬁsk for
Produci ng 2 (anetipdinnet gasse tha aydacluds, et geael bRilpd P HaNEh Ne

i ncor por at Kein : [ i : 114 il
et o 1 1aRETE bl SedthfRfrodest EBG NFOPGIh BRGks o) ETon,
I n one pref@ortedoestumdiathw of N, &l thetrivgueadf absutl 1I00em 5000 sdcde atdia dlowsk il m

is deposited in a CVD reactor_ at aOBressure inthe -13 WO 03/060983
PCH US02/ 37E3% in thaigagesf abpuiut0000 0P saaqyn.t Bhe depesision (eIl i n t he range

of about 1 . ' c khat [ ude, but
are not i nt$' 18%1)% ‘%ﬁ’ﬁitﬁ?i%aﬂgﬁ@faﬁﬁg‘@%@%o#dbmmc?hﬂgfpégﬁ%ﬁag’%ég%}s{%“{g?gir: process
uses a fl owbeht $H0HS 450°ChEhé BIMBETRfueRIIRIEF pok&Qs typically ik demange dfl ow of NH3
in the range of about 100 to 5000 sccm and a flow 5 of N2 in the range of

about 100 taboso¥btosiOrwattsiper shayessheadond: thadnsy equeacy REBAWeE i typicelit hi n t he

range of about 150 500 t ef erabl v | . ~about 350 to
4308 The: it ghe PRReREARY R ROy FoRActhe). THE AR DeBon ™ b ok 50”1 o

700 wat t's pRIckadeMeHBRAMbly BNe tiifteloBubdit4QUe NOY niRFmpevEEfetdbly daheal |y in
the range of about 50 to 500 watts per showerhead. The final deposition 10

t hi ckness itengs effabpaidioi6R nope Thisrngeditionalsiénen nitgde bardg@skimnpst preferably

in the range.of . apout 25 to 60.n Thi s addj ti.onal ,siljC igride
har dmask fi ?ﬁeraﬁ)r%gaesraacﬁ’ﬂpoﬁ@gngf8@%&2iaf(?nélﬁ@}(%%lhg Iglftbgﬁtfha%g%&c%% silicon,
about 41 atgffbgenYandBouP@YEB atchiid B B98tbgdn’. 5 atomi ¢ % hydrogen. The
subsequent silicon oxide hardmask | ayer is deposited in a CVD reactor 15

at a pressure i nThenmbseghe sdicoatsside lgrdmask 1apr isotaposifpgddn afr P aeagkity in t he
00, O o2l o 0 T G R BER SIY EL,
fl ow of Si Holpl Ech?tdrﬁ}ﬁlgﬁg @fcombination 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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about 10 to 700 sccm a flow of N20 in the range of about 100 to 20000
sccm and a flow of N2 in the range of about 100 to 3000 sccm The

deposi ti owotosopmsat ure is 20 typically in the range of abaar/ussp3tes 500C,
nost preferably in the range of about 350 to 450C. RF power is typically
in the range of about 150 to 500 watts per showerhead, nost preferably in
the range of about 50 to 3000 watts per showerhead. The final deposition
t hi ckness iphqorefisrmitesialiused, legposad gertmhs ab thetph®®redisy nRFMemendenais t

preferably i.n the range o bout 50 t.o 200 Thi § .addi.tion 25 silicon
b de har drtier palyBE OB fasp i fstying 28velOuBilo dher o B0 st ot ¢ 06
silicon, a 16 12 : ; : } §,% hydr ogen.
In Figure 2&9‘5{( ?éggp%gggﬁ reo/ﬂr%g%tﬁ?%g‘élﬁg(lg %hl?é%%h%@ﬁ?&é%%@%@fﬂiﬁ} ﬁ%ﬁg@ glgn(z/enti onal
phot ol i t hogdeapby paisdrh ef trenvhearifreatic{lilfg) isticnefosmed by @ntoypigdealrdmask

phot ol i t hogr aph process, a photoresist material (not shown) |s deposited
on har dnas%ab’%r%iﬁ)(ailﬂél)l’.om@bo 16YR5t(éf@tWoé’r‘&ﬁSWPlgaﬁeé‘ft’rV&I10‘? elcaP8osed to

ul travi ol et . L AL ¢ LSt
mat et a1 <R kp Bk Ao RBubil BYAlk pholfisita, kR BIMEESLS
PCT/ US02/ 37in5Ris epdhdrigostgsassfollows.eHamlmagk &yer EXpDaag bp orchedfist of artdse

phot oresi st may be rendered either soluble_or insoluble durjng
devel opmentDotTR¥EEd by thehetosesist; el therphotaesisimeydiedsineyeda fs@vingen r enoved,

| eavi ng behj i i: i a n of

trenc hgs. %égﬁ%cﬂa ?%%i%@s %Sﬁg%?;e? g{rhr%g%g E}%&Jﬁ]ﬁ%ﬁ%&? (r)lté)ﬁﬁgslrt Bgrrt%s?ﬁk) Ehﬁiyer (113)
angdoa port i kiyed (1D2) @yebe étdled)inlaysas hot coxpadyehardraaktiayee (118). et chi ng
(RIE), in areas not protected by the photoresist. Hardmask |ayer (113) nmay
assist in this E@I&Wlﬁgf@n@ﬁ%g%/ ?r@}qhdﬁéﬁamﬁmglkmpaﬁféﬁabwmﬂ% be etched
first in ar . 2 A : j st may be
renoved, | e(gl\?}?l %18 H%%gﬁe?xlgélg&%) f?‘&adr]ﬁlgg Q%gfr?(éi}%;lg Ehfaz%}%ffﬁ(&f?%ﬂ%ﬁg% %ﬁ?&n{g t he g
phot or esi st (1pa} @rform Ehetuctot Q1 15).DDliffysdn badid) limery 1 1@ nelydeeldpoditedibgas not
covered by hardmask layer (113). . Follow ng formation of trench (1 15a),
the trench ¥y ﬁyfrtél?léﬂa@éﬁcgd, thead)bwphﬁswlimp%deﬁﬁSlBam (BEP): cheraical vepay | and

th a cond Y2 i I i i . 5 -f orm conduct or
(155 B rr s LEVE P o 2 tAPRE DY bl RS (R eRs CondBil el T ORI G
met hod, suchagsiabil 1p)way dedositapirtretheR 0biSa) b afPyiableahahod; slictvayior 15

deposition (CVD) or ionized physical vapor depositian (ll - PVD). Conducti ve
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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material (115) may deposited in trench (115a) by any suitable nethod, such
as by plating technology. Excess liner (114) and conductive material (115)
may be rwomsecd9sh a CVP process, in which the top surfacecafusopsdsst or
(115) is nade coplanar with the top surface of hardmask |ayer (113).

Har dmask | ayer (113) may 20 serve as a polish-stop layer during this CWwW
step, thereby protecting ILD |ayer (112) from damage during poli shing.
Sacri fi ci al tyhmalddepskitibayerss: flavodf Sthwnjhemayge afl aboub®ta B¥¥oeed, aflowng t hi s

CWP step. Fi | th de ted nduct 115 d
ot sl | G indab sne? Ll o q FoU PGB RAO B AL DG 0pEs ) 1 <
preferably %&%&%@cm%@@ﬁe siddR t@f&r&fu?&ﬁ% 1cr:]a?§;nmt eclﬁlﬁgqg@ﬁgﬁi &l by

ot her processes such as ues. First cap
| ayer (116)tor®y° 6ewithrarrmgeojf aboﬁtB@Omo 4501C nnbetprsfelrﬂedoﬁa&iafrqu;:y bor on
nitride or other suitable die]ectric_ nater preferably, first cap

| ayer (116) K pawrpis tyierlly injthorngs of 3hget HQOntP %{Béwﬁﬁ Bef ShAWsthed®H r eact or
at a pressupfy ﬁlBSttr;agé;fglﬁl?@ﬂ fﬂ{ %ﬂg’é%’ﬁabgml 159 téq watts Qﬁr sﬁloYVf:L%Qa({mﬁtle

preferably at a p e range o abou -torr. The
deposi ti on firddspdsityon thidkueks is jmaferﬂﬂmrmhb rdmgmoﬁaﬂoﬁtczs tS768 A, Nt mamd Ar or
He. A -15 WD 03/060983 PCT/ US02/ 37758 ylp ical deposition uses a flow of
SiHA in t hePieksgdy 8t thgsage of abent $9o 330 Ay “This HBR siiconitride cplayainge of

about 50 t O Qa(r)ol? g%sr% %leg%ﬁ Jn oq\ﬁ‘b&ﬁt 3’6rto 58 a]& ‘?a?ﬁf%m? fab@@toid)tto %0 to 1000

sccm The dpeposm tUre T8 typr cal I'n € range of about 200 to

500C, w th goméngenitbgemband atO5 w)lzlaaﬁém%lhymgnemwwbreﬁmﬁwﬁuoaqm@ncy 5
(RF) power is typically in the range of about 1700 to 2500 watts per
shower head, atOB¥f 7npkigonp algus F3 Blopie Fo Rifegem 3ged abput Hrsemici% Hydiogen.o50 wat t s

per_shower head. g& ow186813;2c% tig ?&ét 'afi’ga;}ep 1‘"152 61&1&5?{?@ fllai% g n the

range of about 2 m)st y In e of about

50 to 350 Adepbhitsi, bHkhosiid mcRigmaB(eJ)J Sec(ﬁldmab@%ef(llpy Bfpeefatably depssited
conposi tion of about 30 to 50 atonic % silicon, about 40 to 65 10 atomc %

n| trogen, abit2 BBSuYDprecsss pupmaypleo b Aspsiedhy a phyticabvanas dgpesytiahout 40
gﬁ‘ C % Si (B9 hroBR8 Wy LHifbR Bldted? B 335 HBBCPRPMcess i ¢ %

Fogen.
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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Fol | owi ng deposition of first cap layer (116), a second cap layer (117) is
deposited, as shown in Figure 3(e). Second cap layer (117) is preferably
deposi t edwolmp/0609BE CVD process, but nay al so be deposit edPoy/topbyss cal
vapor deposition 15 (PVD) process, by a spin-on process, or even by a HDP
CVD process using process paraneters different fromthose used for the
first cap layer. Second cap |ayer (117) nmay be fornmed of silicon nitride,
silicon carHitedlnigh lﬁ@quﬂncyiﬂﬁp@@rmwyptchby in tQairaI@bloéaU@mfIZéct@ ﬁOQ:wafrhp@e PE CVD

film ma ei t her, dr ogen armr t VWiile it nost
plref er re)é tsﬁlﬁ I g ﬁe%Bqagg’éB aggéep Btrsci)tﬂ% %%f@lHBIEShOZ%?rWaahouts
Interrupti Oﬁhefj’lfovztﬂ? BREt fsQﬁm{Hy iRthd Afed bff SHouf 6B 5@/@@4&& )

deposition and without "exp0sing the substrate to atnospheric pressure, it
i s possi bl shofverhenthe The finaldlepagitibmthérkndsespe preférablytin theaange ofiabbutal 0bacuum

or chor 1 6d RSN Aored REsLBRIFEApLY i pince 2t Ayou S8 O bAD o T VR i ¢ i de
about 0.1 189D Tar ER P Bl B! Mmoo 3 TP or e

using a caoitidonabban 40fto Gaarenit Iqamtmsgg/n,landhbmle 10ho 25 atoenin @ hydrogdred t o,
Si H4, NH3, N2 and He. AI%ICGJ deposition uses a flow of SIH4A in the
E

range of abdwerticylarly peforre ?Hlpo%nqq fohsesendrap laﬁert(ﬂy)rléﬁb@té? AMBIGt 100 to
3000 sccm ‘?”&ﬂlc%n %&Wt% a&@ml:'a/o gipafl&‘ﬁg&t%a *ét%glg %9:&25000 sccm The

deposition tenperature 1s ty |ca I'nt range of 50 to 500C,
nost preferably Inanbtier pmﬁg&dcﬁmlﬁidﬁuéntﬁeom\chwﬁﬁean)i@a POMO3D060983
PCT/ US02/ 37758 _The hi gh frequency RF power is pically in the range of

about 25 t AMYQ we&wr%nateéﬁ%w Fabige lﬁm&tanﬂﬁ%@@ogm%n.aﬂﬁéem@é of

about 50 to, t %\?[ MF S
typically i n&tégéﬂ?%n%%po e%g tgqatg zgéggwat Iépii"élre&(E QMG BE%«PQ Hg final
deposi tion 1ty tkees asing apoaibaratbh vf paes that mpg&luﬂe aﬂntdsuhotllﬁﬂltéd tbo 1000 A,
and nost preferably in the range of about 250 to 700 A This PE CV

silicon ni t?ieNHagN4 afeﬁmmthxl@i%|(Wﬁésoréeteeé@%'a§$lhnsﬁ4w) aéémwféo to 45
atogic % hs%érpo&%n ugeg Uﬁoxf}%fﬁgxsf}ﬁ (R I%H%é?o%ﬂg)h{ 5Q8£5h0 KBA, @Rf)&’ho%% g0 25
erre

atomc % particularly pre conposition second cap
| ayer (117)Hb$na1bﬁhﬁge3)f aBb@rioao 2006 bdct OThe @dpositiod eraepatue 194ypidailpgen, and

about 15 at 1?1Thg r;r/logg %g gl:?o%t 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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10 I n anot her preferred enbodi nent, second cap layer (117) is a PE CVD
anor phous hydrogenated silicon carbide |layer, and is deposited in a CVD
react or awo oaopessure in the range of about 0.1 to 20 t oPCI/USDYE7758
preferably in the range of about 1 to 10 torn, using a conbination of
gases that may include, but is not limted to, SiH4, NH3, N2, He,
trinmethylsilane (3M5), or tetranmethylsilane (4M5). A typical 15 deposition
uses a fl| ovhefan3dyef ayout he to S0Qsccof, anddiuat HHoweatsdn thecenge efratiowt F0tow of He

in the ran of abqut 50 to 2000 sccm Th osition t er e is
typically %%9 ta- r ﬁgﬁp%fuoébtﬁﬁ]&"erf%‘? fScPr%%E?%,%PW&b‘f raﬁl,ggpg%lf 3&?‘ the range
of about 30fobe efeifz{ggya hﬁopasefgéof%auyemﬁwooom TRRE pH9& i9f about 150

to 700 watts per shower , preferably in the range of about 100 to
500 watts peefeRblsinaherdngadf abidwe 100 tral 000eposper isbowdrheak nesisprefrgblyef er abl y

in the range of about 100 to 1000 A, _and. t preferably jn the range of
about 250 tB theorgnge ofghoyt zmﬁmwhﬁ%@gﬁ%p@%@p |ﬂ?1318}?s%'érpﬁ?f8'@b£yi | m
preferably : i3 f 1Pk Cande S bR Rs0 about 20
Po 50 at oni'h 3 Anfp SRkt LDcD000Fh s nig bErAT ML Sk b6 D50

pr ef er abl y talf00tA. ZFhiatmoiphols Bydrogamntedalioogendt6d 2Bicah ombale%lmar bon, and

about 37 atom c_% hydrogen._ ln yet anather g{e,fggr, d erérigodi nt, second cap
| ayer (117)prefgraplyeas@qomposision s aBowvdrie garrag % silicoyehatidd 193t con
carbide | ay, . 1S, d k L %fg{ in the
range of abag%qmg%%atb%%%%tg g?ﬁgﬁ%{é{[ﬁ %70 ((a;fxé gro g y%oa%%(gtﬁ(ﬁ%%% about 1 to
1010 or n, usiydgpgenCdodtippefetadly aoug2G 30 ratindsiliconl atsbet 1Htd 3B&toimsc not
limted to, SiH4, NH3, N2, He, 3MS, 4Ms and other nethyl silanes. This
second cap P&pdon(abpps 19 to 2 @pere H Jitrgegroandiabguiy] ogH %AMs at a flow
rate in -][\té,d}{ggegS/ 060983 PCT/ US02/ 37758 the range of about 50 to 500
sccm and at®a flowrate in the range of about 50 to 500 sccm The
deposi tion tenpeSaabhd eap laygar(@iBrmabl be fonmedef & ssrige o6 thiaPEWCVDFIms0 500C,
nost preferably in the range of about 300 to 400C_ The RF power_is

pr ef er abl y Wiere fie teiheckoressib dutheraeerds aboe WNAe OPRA- dsHePiedd, nost
preferably Sy %{}%b%n%g E-P&Htsaxﬂg% & ,%QCH‘QL% 'ﬁconﬁ%bég', %’%h?dep%' tion

thickness is preferably I'n e range of about to nd nost
pref erabl y iy bhforinad g€ didferaai ot hltetbingtatéfils AucH hd sliesrsiphieyslibydr ogenat ed
nitrogenat ecgrtiiié,isﬁ?cgn%?drd%i, giﬁcéri cl))g]/carbide 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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preferably has a conposition of about 20 to 34 atomc %silicon, about 12
to 34 atomc % carbon, about 5 to 30 atomc % nitrogen and about 20 to 50
atom ¢ %WO0 obyemMsyen, nost preferably about 22 to 30 at omPCTAGS8Y/Bi76%N,
about 15 to 30 atomc % carbon, about 10 to 22 atom c % nitrogen and about
30 to 45 atomc % hydrogen. Second cap |l ayer (117) may be formed of a
series of thin PE CVD filns, O where the total thickness is in the range
of about 100 to E'@@@S,&(a)me)siﬁmtr&itmthé’iom&t'@‘rilbfﬂid fimst imeeycdymedtdevebd of t he
same material,,suc s.siplicon nitride, e . formed of different
or 5l t or nat 1 hish eEal Bf SdreuRm o iapergRt by R e BF copiigy Bt

si licon oxidgs), %ﬁﬂfﬂlsmpbaeﬁmﬁ{epkﬂa %ﬁé@toﬁ(‘%h'jfﬁ?st%% £b@by hhdle.

di scussed previ'ously, second a er may co I se alternatlng filns
of diff er esecombtagrlnpdr (bt7)a11$Ergu&3(ﬁ)t tHeifbrisati dffiee sceomd mbdreonnatt t oget her

WIthfI|ITB of 20 different rial. Prior to 0 ion of first cap
| ayer (116)16V%1abﬁg% ﬁfﬂthpfﬁegosrlglagﬁ@e@%@%?ﬁr Bggen F@ﬁ)) ﬁTFébﬁyFln(ltl%ané\/D

t A h
ne N or EHEREE PRI, deGLRBRAeChER (P AR RRG It °200 £L°

performed atans methsd nathat for apbesadniprembter 1dyer (1ddyeLikbwabolD Ihpert(019H00C, nost
25 preferably t a su tr,atg)@terrperature in the range of about 20 to 400' C,

for a tine MY %1 Herpsited pying the sawe grdodasdharder 1L kyer @be) andlardmagk ¢ o 180
d t tt
oot pr et er STy 2AHREbe epoBild\Rid AR Carl B as S FohafdnRIEL | By 27

cl gani ng st(em3) Q&ﬂcﬂmnﬂdllsyqnfmﬁdedngaBe@em(nht sho Wi magtibgdepdshed onr N2 may be
added at a flowrate in the range of 30 about 50 to 20,000 sccm -18 WO

03/ 060983 Fenugdwrdmaskdayer(Y¥es 3(a)-3(e) illustrate the formation of the
first interconn ayer (111),
ILD | ayer (112), °H “}e égés)l?n%@%&?‘%ﬁés'?g§?f9{aflg’gpg§iaqgg%ggﬁﬁ‘§@r (114),
conduct or ((23)). lesmwldaap)nleazyze(rlzea)hﬁ)y bafuimeﬁaebndma@labrm(em)(m) I n

Figure 3(f), the formatjion of the second interconnect | evel begins with
deposi ti on BYerddhds pdiesion areipeter lexgrdll [and)cap layers @d{@raﬂ@ﬂb@ BHiRE 2
15 conventional photolithography patterning 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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har dmask | ayer (120). Adhesion pronoter |ayer (118) may be deposited using
the sanme nethod as that for adhesion pronoter |ayer (111). Likew se, ILD
| ayer (119D o3nwopsbe deposited using the sane nethod as t h&CTfusn2/81788 | ayer
(112), and hardmask |ayer (120) may be deposited using the sane nethod as
that for hardmask |ayer 10 (113). Additional sacrificial hardmask | ayers
(not shown) may be deposited on primary hardmask | ayer (120). Figures 3(Q)
and 3(h) il(1a3} may ée tdmovedrimatGNR poicess, & WhizR&)e wpdutfacendleonqut?2b) . First,

(119 - adnegpohlgefgoBnRAyd: hetopyirtisn ob A ORESIY, 420} SRNfeiEhe) . uei ng
a 15, convenidenaly Ahat ehd \hAGhARRYARAL! RERDERAM: BHCRMISLEE 0cess,  as shown

in Figure t one tren 122 may be formed in hardmask
| ayer (120) Handmashlqyer t126nmay s¢rv®ad ay@lrsh(sld;ﬂl)ayenmlrmg this €viR step,i onal

phot ol i t hogr aphy proces sho in_Figure 3% Via (122a) and trench
(122b) may Bereby PHRIEFHRE; BI?YFé(ls]ag\ngnb%{l%ﬂelquﬁﬁ rPSBﬂ!}n%)rocess as that used

to formtrench (égq;% rs%QZ lah&(ma'a%e[h n d ogltédlgxgg(%]n ﬁg{%ﬁg‘&( 122b) may

be fornmed by firs atterning an etc atren | ayer (120)
and | LD | ayedrdipaskOhyervih20)eas shioevntin Eigulne Bn@)s Firsd e rayaquajs) hay bhe depth of
trench (122b), but has a length equal to _the length of trench (122b) and
the width ofepppiied usiethe samePrasEss a?ﬂ@hf%fast(%zi@)erm@ WHSFCIBE SFBr med by

etching thr R onot er
| ayer (118)Bgérﬂ %@gnéayegéb%?iﬁmgﬁg %ﬁ@m@%ﬁ%gﬁn %(?{rarlaﬁaﬁga f)f Vi a
(12@a) and gignch (122b), the via and trench are preferably lined with
diffusion barrier liner (121), and then a conductive material is deposited

in the via and t PaReihe prepest mveBtnisdect Radpulay detepe reoriugaien 3( 1)
¥ d used f
30 i 11 usi on BATPree Pl ma (AT BRRE bRt B AR Ty

deposi t ed byvidldie thas anmerdwt Adetnbiped, thodificativty @hd Warfidtiomy w1EX>e eﬁméntm@r (121)
and conductive material -19 WD 03/ 060983 PCT/ US02/ 37758 (122) may be
r ermved i n Goawviilisdiadheart inlighiio fetpreeeing despriphion. Hris derdoreipndqd122) s
copl an Sacrificial
e ook | ag: 1 et kO b AP Al MRS B BincebeR a1 e,
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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Har dmask | ayer (120) may serve as a polish-stop layer during this CVWP step,
5 thereby protecting ILD | ayer (119) from damage during polishing. Cap

| ayers (1®B)03@6m¥8y 124) are then deposited on conductor (122)/tsezn3778&ar dmask
| ayer (120), as shown in Figure 3(j). First cap layer (123) may be
deposited using the sane process as that for first cap |ayer (116), and
second cap layer (124) may be deposited using the sane process as that for
second cap Clainesy 10 (117). While the present invention has been
particularly described in conjunction wth a specific preferred enbodi nent
and other alternative enbodiments, it is evident that numerous

al ternatives, mogh iﬂﬁ%{ﬂ&@&ﬂ{&%ﬁ%@ﬁ'o%%umt{dte Pl%?ﬁﬂ@étﬁ[’&ur&o those

skilled in the art ht of or egoi ng descri pti on. is therefore
i ntended 15 thatcohﬂmlsmgpended cl al ns enbrace all such al ter natl ves,

nodi fications and variations as falling wthin the true scope and spirit
of the present |nventq%‘ﬁeCtr!Cr’lEIX?ét(]r]i?all1%??%@5@?‘?ﬁ St’f?fé(b]r(ﬁ.sent i nvention

is useful in the mnugﬁ%gfél%%ﬁgeﬂﬁgy 1§W&?A%?g%%9{glg§a i“l%? %lgcessors

application specific in circuits ot her high speed

i ntegrated cir cuhdrdidask lages (110 ptevingeadopshisfacet he bi I ayer cap of this
inventign is useful in advanced back-end-of-I1ine i nt erconnect

structures for sem cﬁd‘i?éi?ﬁe%@}l@@%(lﬂé’i 7¢) PWP‘?@%IQP%@@@%@%@W als. -20
VO 03/060983 PCT, 1&J§Olﬁ/9 %éﬁavn% %’tdﬁﬁsg?‘f‘acﬂbp‘l%%?&ﬁﬁ?@fﬁ)@tsﬁﬁﬁ ciidbgy formed on

a substrate (110) ruct risrn ric layer (112, 119)

overlying the subsimadkeayet10)3, 1a0jjardmask Iayer (113, 120) on said
dielectric layer (112, 119), said hardmask layer (113, 120) having a top
surface; at |east oneaﬁ@h%b]@bﬁ’f(41(1\@(23)1(225&%%@%&9@63F‘deéléiioé(]d]i Sel®dtric

| ayer (112 119 planar with the top surface of
said hardmask l%&?&%ﬁ%@%ﬁ%ﬁ?&(? CS%&)I ayer (116, 123) on said at
| east one conductor (al&st dm29econd cap layer (117, 124) on said first cap layer (116,

123).

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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and on said hardmask | ayer (113, 120); and at |east one second cap | ayer
(117, 124) on said first cap layer (116, 123). 2. The interconnect

struct ur ewa®sosBhg to Claim1l, wherein said first cap | apem/uspdaBss 123) i s
formed by a high density plasma chem cal vapor deposition (H D CVD)
process, and said second cap |ayer (117, 124) is forned by a

pl asma- enhanced chem cal vapor deposition (PE CVD) process. 3. The

i nt er connect. st rTint inteeccanedrsticiyrd awcGtdamgmoClaim b Whereinsajsh dislectgic a

conductive liner (114 di sposed petween said conductor (115, 122) and
said dielectric @%@é}l%%iéfc F@S&Pogﬂ@mgﬁF@FEBﬁh@E¥'structure accor di ng
to daim1l, further conprising an adhesion pronoter |ayer (111, 118)

di sposed between said dielectric layer (112, 119) and the substrate (110).
5. The i nt €f.connEisd ingfreanmbetrseruaitconicdoniing to @hian i) dhereinesaed fivssaipdaytrel ectri ¢

| ayer (112, 119) conprises an organic therpopset polynmer having a
dielectric const(drll@nig?@) SpntIses, 1@150tgﬁgmterg? Se.lec-tg‘ifr% e ER0983

PCT1 U802/ 37758 fomsiltf bAGREGOONAR! (BLEHGRUIE 1APEORAARGEO O i m S, uherein

said dielectric layer conprises a polyarylene ether polyner. 7.
The interconnect structure according to Claim1l, wherein said first cap
| ayer (116, 123) conprises a dielectrjc material selected from.the group
consi sting ®f silicBiFreannestaEuctrg aeeaiingiolilam Anyhgsingaidfist sapdayes. ~The

i nt erconnect str -di.ng: Al : L0 SA] i cap | ayer
(116, 123) conprﬁgé§ﬁ§??§%§%g%$gF% gﬁﬁgéﬁﬁén%%gg&'%@P@?gﬁﬁ%%{g%out 40

atom c % si | i comtomivo%tsilicdnadtwit 62 Aoniit Pogiedgemped abautts fomtco®i ¢ %
hydrogen. 9. The interconnect structure according to Caim1l, wherein said
second cap |ayetydragen. 124) conprises a dielectric naterial selected from
the group consisting of silicon nitride, silicon carbide and boron
nitride. 10. The interconnect structure according to Claiml, wherein said

second cap 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.
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| ayer (117, 124) conprises silicon nitride having a conposition of about 37
atomc %silicon, about 48 atom c % nitrogen, and about 15 atomic %

hydr ogen.wOb3/0d1983 i nt er connect structure according to C aiPeTA]SombEsei n sai d
second cap |ayer (117, 124) conprises silicon carbide having a conposition
of about 27 atomc %silicon, about 36 atom c % carbon, and about 37
atomc % hydrogen. 12. The interconnect structure according to Claiml,
wher ei n sai I8. secBrdinteagpnnbetysgnctitelaccortipg) toddapr i sebereinprighoodudigdr ogenat ed
ni trogenated SI| ign gar bi de having a conposition of about 22 to 30 atom c
% silicon, about(!1® 132)Cc¥HPUESEPRPYs car bon, about 10 to 22 atomic %
nitrogen and about 30 to 45 atomc %hydrogen. -22 WD 03/060983

PCT/ US02/ 37758 13. The interconnect structure according to daiml,

wher ei n sai Bt corbhecintrconpidSirudiBR) accomdorg tséﬁaimmbmhereihtkaidﬁaeoridmapr connect

structure accordjng m 1, . wherein, sai (117, 124)
conprises a pl urléyqrt(i? 192&1‘?9?11?4%‘3%1’55%@984%%‘ IB?/e%? afg?%‘“éﬁ%}’ %nhanced
chem cal vapor T nnect structure
according to d gﬁggﬁ% Eﬂ}\%ﬂgérd; ew%l Qll'iéjﬁlgﬁ;éstlgl/&g%PE ?ﬁp)%?ﬁegrrsg conpri ses at

| east one silicon nitride filmand at |east one film selected fromthe
group consisting of silicon oxide, siljcon carbl de,. baron aix“de silicon

oxycar bi de bnd sThs @EFﬁCQ?%%éPBG}HFQWB@mgl@C% FrIRereip MproRlpralit 9fct ur e
accor di ng to a aﬂ}ufﬂ %} ﬁ{(}gis?so i:egt Qh«?élﬁ&iﬂ ﬁlﬁ‘ldelfﬁ}hez{nd(auezast Ik onpri ses

silicon oxide. ormng an I nterconnect structure on a
substrate (110), seldee:d fraah Iﬂmigroqmasnsmtmg of kiticen exide Gilicodeprddd, bogna
dielectric material_ on the substrate (110), thereby formng a dielectric
|l ayer (112, 119)nitriflepsilicen W@’Carb%%}%lﬂ@oﬁé’txﬁqrg‘i’mﬁﬁiesal d dielectric |ayer
(112, 119), thereby form ng a hardmask | ayer (113, 120), said hardmask
| ayer (113,

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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120) having a top surface; formng at |east one opening (115a, 122a, 122b)
in said dielectric layer (112, 119); filling said opening (1ll15a, 122a,
122b) w twoasmemsiicti ve nmaterial, thereby form ng at | ea®CTarse2sgussliuct or
(115, 122), said conductor (115, 122) having a top surface coplanar with
the top surface of said hardmask |ayer (113, 120); depositing a first

mat erial on said conductor (115, 122), thereby formng a first cap | ayer
(116, 123); and -23 ViepoSitiosasednBaTdtelsd 2h 37id5Bst appast (ileg123)second

material on said first cap |layer (116, ~thereby formng a second cap

| ayer (117, 124)thei Y%GFHE %P%Bﬂdg%]jéﬁ’%ﬁ](i?’tlgd’g aim 17, wherein said first
material is deposited by a high density plasnma chem cal vapor deposition
(HDP CVD) process, and said second material is deposited by a

pl asma- enhatked Elvemieital avapding ta€jxdsi It7i wherePEaiVid)st pragciebs.dep&sitedhe net hod

according to Claim18, wherein said first terial | i]icon nitride, and
said HDP CVD pro@é%glghﬁlﬂﬁﬁ’égas&!aa@eﬁ’dc"tl MepPg E?ﬁ”é‘?rbhﬁﬂ?é\)ap Meet-or chamber

at a pressure of bsgmt bbb N N : at a
t enperat ure of st 285g‘3ﬁdt1§54§b%51%8é%0(§%9d g?ggieafgl%s‘%ﬁhéﬁ%eﬁtgﬁé@ﬁﬁstggte to at
| east one gas sedepotiedn (PBHOMVD)processip consi sting of silane, nitrogen,

argon and helium 20. The nethod according to Cl aim 18, wherein said second
material is silicon nitride, and said PE CVD process includes placing the

substrate iy o apyd ﬁ@&l‘b%c&'@ﬂggé S?aﬁngp%ﬁa%H{)s%icPﬁgsgg%tgriaaggjsiﬁc%f to about

10 torr anda tenperature o 0 C'to about exposi ng the
substrate to atnitrtiStindsed P C¥Dgnbads inchudet pcimgahpsubstste $itbag si | ane,
anmonia, nitrogen and helium 21. The nethod according tog Claim17,

wherein said firiactapehambsr af apraesyeseliabgut G milli-fopr te\abOpy AbwdL-toHder vacuum

and said second IR & raitajnpé:rﬁture 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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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 net howoasoemss ng to Caim 17, further conprising, aftecTfusonst’s®n of

sai d 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-cl eani ng process which includes heating the substrate to a tenperature
of about 150C to abouperf@od@mplasmppe-eiganingprosess sthictt mclideshstingce of
hydrogen for a t%h[angulgsftraig.j}ebt(cj)l{atter?lpér(a)uu{f}é3 8# a{"b0151t0 ?50°%et%%%g3t' 50_025 and exposing

the substrate to a source of hydrogen for a time of about 5 to about 500

seconds.
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