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FOR DUAL DAMASCENE FABRI CATI ON FI ELD OF THE | NVENTI ON The invention rel ates
to the field of fabricating integrated circuits and other el ectronic
devices and in particular to an inproved nethod of photoresist patterning
that involves a renovable anti-reflective coating during the formation of
dual damascene structures. BACKGROUND OF THE | NVENTI ON Phot or esi st
processing is a key elenment that nust be controlled in order to achieve a

low cost, GSEOFRMORAHOUSRIARBON ASYRERIGOARL BrARGMARTERYA! FOR Of
(integrated cirouits in seNuACRIWIASCEARYFABRICATIGHgrated ciTcui ts are
epos a

typically fornmed by the sequenti al I'tton o yers on a substrate.
Each layer is usually patterned by first exposing a photoresist filmon a
substrate through a mask t i I pattern defined by opaque
regi ons consi sting of chro%lalﬁlgj%?gﬁ"p\gjr@ﬁlwgi ons such as quartz. Then
t he devel oped pattern in the photoresist filmis transferred through an

under | yi ng bstrate |layer b s._of a plasma etch process. Alternately,
~ the photor eiﬁ%fnvﬁab %Feﬁg’@aﬁo ﬁ@”@&gg?@rﬁﬁw Ingparaied; drsuitsand sthes elgetionico” an
underlying layer. In back end of |line (BEOL) processing, patterns
consi sti rﬁ%"t?ﬁ Bngre pedicyial 1o AR Imgraved4nethed (of shotpresistpatienting thakénveimesra al
to forminterconnects conprised of horizontal connections or trenches
wi t hi n a reapeablgmntivefestiygl coabng doting the formatien hbtival dastaseene siroctissser s.
Conductive materials used in the interconnects are separated by insulating
or dielectric materials to prevent crosstalk between the netal wiring. A
popul ar nethod of manuf act BAGKGREND OF MHE INVENMTION i s a dual damascehe
structure in which vias and trenches are filled sinultaneously wth netal
in an efficient, high yield process. Alow k dielectric material such as

the exanpl epAsteassidfoddtsldgis aHalyadlémBnEihat 8t bé cOMBOIRI IR Grds t8Achieve a

insulation layer. Carbon is incorporated into a silicon dioxide |ayer to

| ower theols cudd, Wiyh tRtddgnplt Rlaﬁuf%hﬁlrﬁgtrﬁéﬁloﬁQ&Sﬁ@ﬁoéﬁ&ioﬂfof%tgﬁt%eé&g%del y

used in the industry bdt new technol 0gy generations require a’l o
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; neL \ on (! oo T .
o -cond 827580 BASPRAL Pl SN IR EOHIE: Pt *
l'i t hogr amp%?ig&ﬁ"l@ba SFBS‘B%?&WQUSQP% r@gfﬁ"éth% Cﬁ%tﬁgﬁﬁﬂ?\ﬂc%éﬁﬁ%f"cﬁﬁﬁﬂﬁﬂ H¥d to

enable the printing of features such as |lines/spaces, trenches, or contact
" hol es wi OR2GHAMPHPNT EONSIHEND QfichEaiae end taopparent Emiens sunhaad quartzs nehdn thpace
width or line wwdth that controls the ultinmte performance of the device.
For exanpiegcloped pattget ip the ghotoredistdimds frassferret tinesib morursiedgitg wuibkeatdenser
| i ne/ space arrays result in nore nenory storage per unit area. A snaller
critical lajembysnesns@D) piasma dtelaprocess.udlteamialy tthe phbtdresisDsfteeashh ¥erve
printed when the process is optimzed to decrease the K constant or when ~,
I's reduced amask (rg iba impRnesteptinean fhderkfittg layd¥\ InBakck chB®f Thé (BEOLED
that can be resolved while Kis a process constant, 7~ is the exposure:

vavel engihpceaBihgNdattérnt RBn&iLIRY bCPEncHREHrid\a ﬁBIle% Bfe ﬁ?fﬁpwg% cgyg@hcti\kn

recent years, technol ogy nodes have progressively nove nmt hr ough

180 nm angLid3h) ¢ %rﬁ?%t%ESnﬁ@fé ESmbRSed 8PhSHBohE cBEnd RonS3r Fehies &R a

result, the pre?erred
layer and vertical connections or via holes between two layers. Conductive materials

used in the interconnects are separated by insulating or dielectric materials to prevent

crosstalk between the metal wiring. A popular method of manufacturing metal



7~ whi ch has been 248 nmfor CD sizes from about 250 nmthrough 130 nmis
now shifting to 193 nmfor features snmaller than 130 nm The process
constant K can be lowered in a variety of ways such as phase shifted nasks,
i nproved illum nation nethods, and optim zed photoresi st inmaging

techni ques. No matter which wavel ength of radiation is used to expose the
photoresist, reflectivity control of radiation off the underlying |ayer is
al ways a concern. Typically, a CD specification includes the requirenent

that the jhepédHrciHSh Rl Hamé%ééﬁl@gtﬂy\ét&@ iR vhidtP¥fa8land AicAgL afk flidiens! on.

This i'ncludes mask error factors, otoresist |ine variations, and an

eLeh &1 anshefafTRYNGN meldiSh h Urfioh AGRRIGERRRE contribution 1o the

10% al | owed vari ati1on nust be consi det a an 10%in order not to
( h ire. ) h h b full
ot onent oa A v & et hatetlf ;U5 08 the SRmpR et iRd WU Patesthaamhose

coated prior to the photqresist an reatly mnimzes the ref|lected |ight
from t he 'S RFIEIE? @S@E‘rlp atﬂ%%é‘?'bo ﬁ'&‘?”rﬁ B%Qwratﬁ‘i'é”@ﬁls'i'm'bﬂfﬁé‘§§ lagerto .
typically around 1000 Angstronms or |ess while sone photoresist |ayers have
a t hi ckndeweniheryaiues Siowithgslieleels comstanhikd obh des deepavidelyusadn thee
transferred through the ARC and into an underlying substrate. Athin ARCis
pr ef er r edn@istebut RewARChpPlogy gereratiors tdquirataciomat pbatiaut @loerless. Tha layed
enough photoresi st nust renmain after the ARC open etch to serve as an -etch
mask for inthisprier aitimdepusitpd byer plasmacenhaacsd bsémizabvapgdd deposiibh PECVD)t he
phot oresi st pattern may result fromtopography in which the substrate is
not | eveltechitiqse Invaliing @ sildricchanisg a\GHG-Bit moksy afd bR oxpeh@Has bedh §9at i ng
that can be larger than 100 Angstrons. Small changes in photoresi st
t hi cknessoxgfieh lseNgOder of 100 Angstrons or |ess are known to result in
significant CD variations. Even if the 3 substrate is level, differing
conposi ti Onghifeli§iabonfant s M r%dﬂﬁi)ﬁg%é@&e%f %téfﬂﬁf[e%drﬁl%c{srbc} {13t devices
the™p pattern nay

phot oresi st pattern. For exanpl e, hot or esi st pa Cr0ss over

el B AR A OB D R A R L.
o e R e SR b 90l S Dol 720855 BBl SE bt

metal |ine, thq.reFuItin%_photoresist line wi|ll be smaller in w dth where
it passeSUSDES linepsPatem IreNRReS ar coptast beles wilbysmalles setical diraensiors (GR). of
the substrate. This is true for a positive tone conposition in which

regi ons dt Chkisdseallpasmatiapase widte ardisn addtathgt cantrats theusibnstepastormenes oper
and unexposed areas remain on the substrate. For negative tone

phot or esiofthe devipdsEar exampasfinergate widths Atow alfasteatransistdr spespedidel ar eas
are washed away in developer. Wth a negative tone conposition, a

phot or esidensei fire/spadedrbysoasult mrgere mistriorgsiorags pas@slt greae A swaNgreditiest ed
- light. In either case, reflectivity control provided by an ARC is crucial
for mai ntdinehsign aCD) irea Yéattfe such@ é(\'trbhtblﬂis&nor@&éﬁ[??ﬁhféd_c\ﬂﬁéﬁfh@ﬂﬁcéﬁ is
achi eving a nmanufacturable process when a highly reflective substrate is

| nvol ved opfiniof & ditredsethBIeesdtant!d Wik ) BNRRACLELLSF nbYo Mo IAGRSS

| atitude which 1s the range of exposure dose an ocus seftings tan be

appl i ed Ll til | jntainin within a 10% yariation. By

control | ?% KN R i §,m'aﬁn%ﬁz§fgﬁ&$@§ bg resQlyed ngl%@% Pracess eRistattn i s
realized in the absence of an ARC. Thus, an ARC can prevent a considerable
anount of? is AR AXPaRare Wavelengiu ead N#y isgheDupeiricg! apartusé of feceirosats ol. In
Rewor ki ng a substrate consists of stripping the patterned film recoating

and r eexpesemiyears, tachoblmgymesies thale pesgreSsively naledvirorh 260 wai Htbudty 180 hRg Up
process and neasurenment tools for unscheduled period of tine. 4 An

| mpor t antangr 13erhandfar8 MoARK the 10D &m tmEFor @DIFIXS, | AWE XN e préferred
conprised of a real conponent (n) and an inmagi nary conponent (k) can be
tuned in many cases by adjusting the conposition of the material to
mnimze reflectivity at the photoresist/ARC interface which inproves line
width control in the photoresist |ayer. Another valuable property of an ARC
is a high optical absorbance so that |ight which enters the ARC | ayer does
not reflect off the underlying substrate and re-expose the photoresist

| ayer from bel ow. ARCs are commercial I'y avail abl e as organi c spin-on
coatings that are baked at curing tenperatures of about 175C to 225C to
render themimmscible with liquid photoresist solutions that are
subsequently spin coated on the ARC. |norganic ARCS such as Si OXNY can be
deposited with a PECVD techni que at tenperatures up to 400C. Exanpl es of
both types are provided in U S. Patent 6,323,121 in which a silicon

1 . ey ATFNr/r~ "



of renoving the ARC is not discussed. The main point is to further control
the gate size by adjusting the trimetch to conpensate for line width
variations in the photoresist nasking layer. In U S. Patent 6,214,637 an
anor phous carbon ARC is fornmed by a PECVD nethod at a preferred tenperature
of around 200C i nvol ving a hydrocarbon gas such as nethane but no carrier
gas is included. The initial refractive index of n =1 is increased 5 to
a l.2to 2.5 range by annealing the layer and optionally with additives
such as o | Py .1 [ ' i Gl e
corrponent;;sw?hrr%?%n%% ned"3 @nﬁl ?f Rf lr—l'\ﬁgél%%ﬁg%ﬂ?ﬁo Oﬁgsﬁg%&@qﬁ%i%%ﬁhdﬁéog}:gon
. plasma arg.. ed to.renmpve this . ARC which has a thickness between 150
and 10000%%@@1%3#@.” h)rif BFetsaﬁ{Pgllﬁré@%T g%f’@'that the refractive index
remai ns constant at all thi g}enaess bove 150 Angstrons. Photoresist
patterni ng i'MePIALRES rshe @)&%%%ya Qhwvayh surkagPbasespiliedal | y
when formng a trench in a via first process. For exanple, the photoresist
process niébKs dmPEVEAiuminatier methaeds, and epbaizesghotonesist imagipe teahgiqvesa
| evel surface is produced at the sane tinme as renpving exposed photoresi st
i nsi de a Nelneatkasvdiuch waveleagibrofiradiation il useduglexposé tenphutordsist, rafiectivityi con
oxynitride are commonly enployed as an etch stop layer at the top of a
damas cenecatiant bf mibtivavef theamdespitigdsychRCIwayb eseontetrer Tydisalst @ Gown t o
interact with photoresists, especially those that operate by a chem cal

anpl i fi caspemification fniwrivsithe Woiuifenat tdtahe fedtiRMnbiSrEmARFAIREd Widindt Howm, can
generate a strong acid that causes many chem cal events in the photoresist

Film Tragen aigetel imbngbh. tFE%ﬂn@IQGéé‘H&isR%n%Pmgﬁhﬁﬂ%iﬁﬁnémﬂi ain the
i norgani ¢ ARCS can neutralize the acid wthin the photoresist |ayer and

t her eby | MrBibRS €and A efcRSrdrERsH S f - A S oot
at the botton|1 o?' trlgu’e pﬁot g?"em stdag}dgffn %ﬁg m%rgﬁ%xﬁgﬁ?%ﬁ%@ g&e@?%@m\ﬁﬁ;ch
shoul d h b : r L. i t he bstrate. . This
andesi r any & S AEWR XRridkor R B8 b B eSS A PSP L by
projecting a W der t han intended,in the design. A vertical sidewall on
t he phot o&?{&slug}e ?&%f%gv@%r ﬁ%m&&*@&ﬁagfﬂ%gﬁq}jﬁwﬁu gapiPEeRigesiNc an
al so interact with an overl yit'ril]‘%gho_t oresist during the patterning process.
These ARCH3BY CRPELISAAMI-TETEFING Coating QMR athighsisiaratedaprior de dhe plapterasistt he
6 anti-reflective coating. If the thermal curing is inconplete, trace
amount s cAndgiegthnminimizessinedsderted fight frem dhesulstraie gudre these>qrosared t her eby
induce a chemcal reaction. In a positive tone photoresist, an undercut at
t he base pbcesse FhelARS thickapss isstypically round 1008Angstibmsi ar lsssavhilasona a
gate feature, the line may topple over and an expensive rework process is
necessar yphadomsist &xyerd havepa thiclaress as thin as 2000 Angstroms. The photoresist pattern

must be transferred through the ARC and into an underlying substrate. A thin ARC is

preferred since the ARC/photoresist etch rate ratio is close to 1:1 and enough

photoresist must remain after the ARC open etch to serve as an etch mask for

transferring the pattern into the substrate.

CD variations in the photoresist pattern may result from topography in which the
substrate is not level. This leads to thickness variations in the photoresist coating that
can be larger than 100 Angstroms. Small changes in photoresist thickness on the order

of 100 Angstroms or less are known to result in significant CD variations. Even if the



Therefore, it is desirable to enploy an ARC that does not contain traces of
acid or base which can interfere wwth a photoresist patterning process. The
ARC nust al so be imm scible with photoresist |ayers that are coated on it.
Anot her val uabl e property is to have a refractive index (n and k val ues)
that is tunable in order to be conpatible wth a nunber of different
photoresists that may be required for various layers in the fabrication
process. An ARC should al so be easily renoved such that no residues remain

on the sulistratesisadbl] diffdirsd chifipsSashd \Mi_tlj!iﬂ%@g@&tt%ge %y@ﬁ&%%&{aﬁgtk&?

enable a | ow cost, high throughput fabrication schenme. "Durin

danmascengnpho ggét%\'éﬁst iy, IE exa I%%ﬂg%ﬂwp?di?é%fg%t?egﬂ %Ebaf&rggs ?5%2@%} the

top of the st and SO assls ests ni ng

e AR TR BRI o
[ [ ' ' . SU Y OF THE | NVENTI ON
an obj ecteaoRyhan SecibuniocEerle 4 b8fRsaiEe s MeheramPuraC  ha

does not cgntain traces of acid or base that can interfere wth an _
over | yi ndSpReiee gt which i exgosesihetoinragishiremdpiow 7 If the\photoresist feaeisi ve
of the present invention is to provide a renovabl e ARC that has a tunable
ref ract i v@ling(grace yray ercasing abeve adnetal tige, dhel resulfingvrhotDesishlinowilie  a
nunber of different photoresists. A still further objective of the present
i nventi orsmalierdn pidihivderait paRses bregr noelial thenerisirkyt crossescalaniatlbssitefleetns ng
resi dues and which can be readily incorporated into a manufacturing schene.
A still fpart biethesapsitatey & hid istthe for agesitive nsentdmpositor mWhi@MirQ%oﬁ@of\RC
than can be incorporated into a dual danascene schene as an etch stop | ayer
that enabbg®sad phetoredisturealReet \dway inidhhaduesns bhsé BePabb&r dhd iRIbsed

t hrough an underlying dielectric layer. To achieve these objectives an ARC

conpri si Ngread rBMRIICIS SBLRSR, | floghfivd RFRN ﬁ?\%’i%@i@té, @gﬁo%df I%Bqn%?%@gm

met hod for making integrated circuitS 1n sem conductor devices.
enbodi ne bR d BN hyl
si | ane, E%”ewgbzﬂm y tériénﬁ{e@ﬁ]éﬁg)is éz;r?g?&{ol S eQVrr%:)% tg@éﬁ&v%@nﬁ%&@?%%\ﬁ o{bgétgﬁd i's
transport i d it hanber . by a carrier. gas _such hel i um
ar gon pl 200s P ob i BBl LatE BRI, patile "RAPL ity SR dafBRtkr dest R means
of inparti amr phous .character.into th ar bo ilm Typical plasma
condi & orfeTee BT BoRE T RERr b e uBotateal Brovines k Sb AR @CBUBD vt t 5.
and a ten;ge_r ature of 300C to_400C. Argonoflow i s _between 50 and 200
st andar d "faifainipg g lingsvidtisonep withines: 18%seciibalien aed farmchiewinga 100 to
1000 sccm and trinethylsilane flowis 50 to 200 sccm In this manner, an
“amor phousmaavfBsivratte pigaess whenia Bighlylrefeivedibstraterid involvedl. 25 to 0. 68 193
nmis produced. The oxi de/a-carbon etch ratio is 18:1 when n = 1.43 and k =
0.4 and t heAgthoitoresistprogesoisi farthér dharbeterived-by it praveds katitud: GRichTHethegas
m xture can be adjusted to tune the n and k values and the etch ratio
rel ative rangexft deposure dose and focus settings that can be applied while still maintaining the

CD within a + 10% variation. By controlling reflectivity, an ARC enables a larger

pro'cess latitude than is realized in the absence of an ARC. Thus, an ARC can prevent

a considerable amount of expensive rework caused by a CD being out of specification.

Reworking a substrate consists of stripping the patterned film, recoating and re-

exposing a new photoresist layer. Rework slows throughput by tying up process and

. measurement tools for unscheduled period of time.



Once the ARC is fornmed on a substrate, a photoresist is spin coated on the
ARC and patterned. The resulting feature in the photoresist |layer is
transferred through the ARC with a plasna etch such as one generated from
~oxygen and CFQ gas. Wien the opening is forned in the ARC, the etch is
changed to a plasma that selectively renoves the underlying substrate while
the ARC serves as an etch nask. After the etch transfer is conplete, the
remai ni ng photoresist is renoved with a stripper and the ARC is renoved

W th a pl asmp igippRaftisiopagy 6F &h AR RMWEEIRs Rifrabidinda) WhicrEBoRfthrisedRy §d
with a plasma etch. The anorphous carbon | ayer does not contain an acid or

base and :‘é‘éﬁﬁrﬂﬁé?'mﬁ)’ '&aﬁ%ggim@e@agé&{eﬁ%'@tcah%\é%neéfwh@.ﬁgt@% pyt can

be tuned so e refractive in ovid a m ni hrum anou

o1l ot el 8 coRyRSRERS eI LE s ARG 1R A Ser AR
hamb i, f. i h . . d .enbodi , A

cnarber | MeBRIHOF B T o O SRR, A oo
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openi ng. The vi a openi ng is transferred through the ARC and then through
the di el e228s rotirafest ofijina wpderying subsiraigend se-gxpase themhsitorgsishlayenfrgm et ch
"selectivity relative to the dielectric material. The original photoresist

i s stri ppelowndfRepreceammerdially avaiable asiwrganiespirt-on hoatings thatt arerhaked tab
~forma trench opening which is transferred through the ARC and into the

di el ect r i euringytempetatutestdf abaut ¢T3 tp 22596 to renderdRénhisimiscibte withliqeid t he CD
within a tight specification and does not interact with the photoresist to

produce apliaiotesizt sulndensthiat preosubsequéhity §sie @bdtealn PETIRC! IAbthaARCARCE t hen
renoved by an ashing nethod. A liner is deposited in the trench and via

hol e f ol | iechdISiICINy RRsdépsine@with APEAVD @wn@eiﬂt t&rhSérahites QpTHNY the

dual damascene structure is to planarize the netal by a process such as

i ol oot ri i Syer g RO OBa pRRp I ferth Uk f RBLFERRL 121 T Wi B0 o
2950 are 2U5RH0e ERIHRL Y IGR SRAnARDG) Sl S ABRAFSERDICRREN BPa e 7
rvent | orP U betiLof 5 R BT # BFNERGIy CAioeP AR LB A HENe/BIN BHPeT o
hole and a_trench in a via first dual damascene process and etch

t r ansf er r Vit aRsm2 28RIPG Mefed-an underlying diel ectric |ayer. However, the
method is not |imted to dual damascene fabrication and may be applied in

any situati 6 ARerdesgrbatko V$. fatend $3350.890 sanilisd fordhe durposied\of Thefoving e,
the scope of the invention is not limted to the draw ngs which are
i nt ended €B gantrokduringephdiergsisé paitermingwhideifaldinating T getef ¢lestroderbblus ARG isi s
illustrated in FIGS. la- le. Referring to FIG 1la, a
- either an organic polymer coating or a dielectric material containing silicon. A method
of removing the ARC is not discussed. The main point is to further control the gate size
~ by adjusting the trim etch to compensate for line width variations in the photoresist
masking layer.
In U.S. Patent 6,214,637 an amorphous carbon ARC is formed by a PECVD method
at a preferred temperature of around 200°C involving a hydrocarbon gas such as

methane but no carrier gas is included. The initial refractive index of n = 1 is increased



subs’trate.lo is provided upon which a conductive layer 11 is fornmed within
a dielectric layer 12. Substrate 10 typically has a substructure of active
and passive devices that are not shown in order not to obscure the key
features of the present invention. Substrate 10 can be based on silicon,
silicon/germanium galliunfarsenide or silicon on insulator (SO)
technology. Dielectric layer 12 is preferably fornmed of a low k dielectric
10 material in order to provide good insulating properties and is _
nor el 1y @eppsithets g BESYIAAIRG M AYE: ahd BaSg hidPLdANAL i tion
met hod can be used togf%orm |§he§:ﬂﬁ cyﬁgyer . ggrré@'(?%dmmnl ys%ﬁ@%% | ow k
material s fL Ll e g . , Ll co L.oxi des,
ofoBn %)H(%rfébh tiBliffe. ’rﬁé%rﬁﬁc?%%u :coBRicR é@ﬁS@@oﬁéAt})& Hﬁal‘?{tq?ﬁ%cgt o

- pol yi mi des,”“pol yary ers, polysiTsesqui oxanes rophosphosi

glass. A Qresi st er. Ln shown), is coated on dieleciric |layer. 12 and
Dt ¢ or ned HINATERYE R BRI 0.8 Chy AT O ardar SRSRG 2R T Vo BB £

| ayer 12. ter. the photoresist isr ved, the opening is filled with a
conduct | vARRut D Bas B ichuFSS 3ot I B0t QOB ATISROy , ARIBRPHAR RPParY
alumi num al |l oy, tungsten or a tungsten alloy or a netal silicide. The
conduct i vi§ thalithe refractive index remains,eanstant st all thickness gbove (1RAANGSIP/SE opl anar
with the top of dielectric layer 12 and is hereafter referred to as
conduct i ve | iyderesist padenning inaedualwamastens strygfusahas/ ugigne sballangss, el enent s
of the devices located in the substrate 10 substructure. A barrier |iner of
silicon cespecidly Whendortaings fremthbiy saviREQYDrocsbniFopnexamptl, ¢hephotoesistyer 12
and has a thickness of between about 200 and 1000 Angstronms. One PECVD

process forocdspmtist torded Withrohsidambie BRdgRPNisiiid Arnopénihd bRl IBYISURABE .,
tetramethyl silane, and CO2. Silicon carbide 13 functions as an etch stop

during a gyleMstiéeanit the 8a5R tREE Bs AdtoRhS @xPo iR ctoeR R HElde/s hbMSdiow thd r om

- chem cal s such as the aqgueous base devel oper used to renove photoresist in

a later tgghehepat tﬁﬁfh@hgtﬁ gﬁﬂ:@!{? glgﬁii% )b}g@ @ieigé)ﬁ Bkﬂﬁtrﬁﬁ%ré icbh@(ﬁl?é%{ﬂé%eb% can

al so be enpl oyed as an arrier l'iner)

dielectri i I i L) r hi I r n S

t hi cknes Sﬁ%%a @b[]gtc\)/\é%ﬁ]e gﬁ@@egﬁ%%fgé’%ﬁ‘ a}ﬁéégrg%r%% %ngh%%gcbt r cuééfgﬂﬁgg’i tgngse

pr ef er abl onprised of FSG or .a.carbon doped oxi. ut al s e

et ect ad FriHE R0t Givtstie MliiHas oy estiafdbe Wl Parte Blar o

| ayer 12. 11, At this.point an anorphous carbon |ayer 15 is deposited on
di el ectri @q%@fa@m%@ﬂgﬂ FIEC0aNiSBY RGWICT ABS PHRICAITASh thayexrasingradiationiaan
si | ane conpound such as nethylsilane, dinethylsilane, or preferably

t ri net hyl @eneiate anireng agdthaticayses By rhemica egsmsdh heehotpresist filn, Wrace
carrier gas. A key feature of the invention is that argon is enployed as an
anor phi si agougisraf nittogeneantzining soomohiods sutihasemenoria in the ivardaoic ARGer .

Typi cal plasma conditions are a RF power of fromb50 to 500 Watts, a bias of
from 500 ¢tan B@@falvéiths acidivatilire thegptibtenebist lybeane therely intafard withbet 0 400C
with a trimethylsilane flowrate of between 50 and 200 sccm a heliumflow

rate of beiagaRNpResaNOndGRRUBAEIBSUR M2 Ribt Ak mdﬂdmvofme%mftoﬁe_é@frpﬁﬁnéo 200
sccm The refractive index values (n and k) can be tuned by adjusting the

gas i xt U ReleCexplol¥ll BRofréaaRmieh sRolialHaos tekATerhoded By %Q%'lbﬁér l@nﬁﬁnégﬁ_ nm
and a range of k values fromO0.25 to about 0.68 at 193°nm The etch ratio
}

Ef and chanGEuOpPaey TP ufdnl Ereblls Baf figon 21sBlity Wi Fandte! el "0
= 0. 67.

. t  of h haracter can bpe justed he argon .
fl ow rat ePJE%J%%ﬁg%a\fvf&ef W@S@%ﬁ@@' aﬁ&é{?sf?%dég ygriigélgsg%wgﬁ%p Eﬂ‘f’ous
content increases. |t should be not t hat the a-carbon |ayer 15 just
descri bedpicgoE%fiﬂrqf@)‘? ‘Saorfj@ﬁreﬁrfpbﬁ’i?ﬁg'fa&s &t but optical measurenents coul d
be taken at 248 nmin order to optimze n and k for a Deep UV (248 nm
phot or esi st QYPaBic AREs rAR alsotptgEach wilhanoveslyingphateregist grdn®hespalterpipacess.
Deep UV resists are generally preferred for formng feature sizes between
about 130priesesthdl Bee ARCaiftes cootimthereel atid generators thatatengeddoduteathes f or
printing feature sizes fromabout 130 nmto 100 nmor below 1-line
photoresists are widely utilized for feature sizes above 300 nm because of
a |l ower cost process but they do not have resolution capability bel ow about
300 nm Therefore, the a-carbon | ayer 45 12 :



can be tuned to control reflectivity for any photoresist patterning step
including 193 nm 248 nm and 365 nm sensitive conpositions and is
applicable to either positive tone or negative tone photoresist |ayers. The
preferred thickness range for a-carbon layer 15 is from about 100 to about
1500 Angstrons. The preferred n and k values for the acarbon [ayer 15 are
determ ned by the square root of the refractive index (n) for the
photoresi st. The n and k val ues for the a-carbon | ayer can be | owered by

[ [ [ ed b I :
11 ot nyt S e Rl e o i oS R Contle e FracB ittt oo empon
. 15 LS - dto,r i | yent to f hot ist |
16" havi ng w4k MG o PR Rt re P disbinauisors dbeeebeaciom ke | & no

interm xing.of |la eF_ls 15 _atnd 16 that can have a detrimental effect on the
properti vedang phalpresist, ppandetcyt at thedass of dhe sidawall eaydesulbdif the ling a
mask that js positioned in the exposure tool and is aligned with substrate
10 whi ch YV§lthis smalasingele featuze, dhafee may thpplexqyes ané an@xpensivs rewarkanc ed
photoresists are based on a chem cal anplification nechanismand require a
post expo¥aeespiglhecessaty ity eonrert thdprabderh. reacti on in exposed regions to a
conpletion within a predetermned tine that is normally one to two m nutes.
Then t he subBhtarefoes,iikis diesiebltp dol emplanamgReDtimt H6s€ nsiodatitaiafralkes bpPasH \Wra
opening 17 in photoresist 16. Vertical sidewalls with no foot or undercut

ar e f or newhsernwhicia can triterfgrelwitD 8 pRbRRediBE RidrSing Drétdss. ThelBRe nH’bt%Ts%al? on
- layer 15 that can-interact with photori?isst 16.§%\ﬁ a opening 17 l|Js etc

transf er riathnisbibRlaih bhstoRsRA Ak at b BYatBdRhAe TndherVARAREBridat yal | v

i ncl udes oxygen and a fl uorocarbon suc me or a resi st

Foo S, " SRR i bR (7 i vENGL) i lis RIEBId ) LTI Al o "

FIG 1 ais an anisotro etch transfer of via ope

dielectri ' . rfqorned w a_f.luorocarb s. |ike
Ga or CHEPRKE oitbrth bidrtsist BB o) e el i Sotip S eV Rrn e Elicnlioh
etch selecfivity,f is. st on the order of between 18:1 and 50:1 which
means di ecf(}é%?érsr ({\q%gﬁ%l?gﬁsgmﬁyﬁmgv?g@@m 3 po sesidyuegremaig oethe han
a- car bon | r,15. Al % photoresist 16 is normally renoved by the second
etch step“"ﬁ%&a’@ skt Bt Be &eadivimplamenies in mesutsstiringrio seaklem losdcass, r enove
any photoresist residue., Next a second photoresist is spin coated on

a- car bon gy tiroughnud febisisrtion seharae.m Puringodual idemasagre piReasinghieridéal FI G 1
b.. Photoresist layer 18 also fills via hole 17 and has a thickness of from

about 200AR€Ea8GEaPRigd tas@Ersetabstop ai-tbetdmof thestackldnd MsebesiebinyCD control
photoresist 18 is the sanme as photoresist 16 or is sensitive to the sane

Wﬁ/a engtdi arphojereaist paiteraingsstep. [fthisocdseatherAREr §oid Paeidelbhigh cdgal |y
effective in
selectivity relative fo the underlying dielectric layer during pattern transfer of a via

opening in the photoresist through the dielectric layer.
SUMMARY OF THE INVENTION

An objective of the present invention is to provide a removable ARC that does not
contain traces of acid or base that can interfere with an overlying photoresist during a

patterning process.



controlling CD for both the via and trench patterning steps. Referring to
FIG 1c, photoresist 18 is exposed, post-expose baked and devel oped to
produce a trench opening 20 in photoresist |layer 18. Vertical sidewalls
with no foot or undercut are formed in trench opening 20 because there is
no acid or base in a-carbon |ayer 15 that can interact wth photoresist 18.
Since reflectivity is controlled, the CD variation of trench opening 20 can
be maintained within a + 10% specification over a wi de range of exposure

d d f i ; [ ic.npl .ch hod. i d
ranstor 1 r enrnghebiBdedttod Pkt BREGiB R P ayar6q 3 Taimoieun At fep et
gas as cited !gr e%/i ousl.é f0£0 et chi ng_ ﬁi 61 hole 17. The trench opening 20 is
al so t r anSEPIEJETREIVG inper locinimizedetectity gpd imarayg<Lle senirakiera murtbes a6 d

earlier and is, tjnmed to stop at a point wherein the bottomof trench 20 is
from abou‘ﬂ'ﬁﬂ?@@p HOLFRIE- 6000 Angstrons above barrier liner 12. 14
Referring to FIG 1d, any remaining photoresist 18 and a-carbon |ayer 15
are then refoiilidusferphiedivawf fampregest ippentiants th pravidd awARS thahdan bens: an
oxygen flow rate of from 100 to 500 sccm a RF power of about 100 to 600
Watts; anehsaly cermoved witheslJeawngfesithast arzDwhizh220 bulieadily ilderprrstat st 4 ayer
15 is readily renoved and | eaves no residues. Silicon carbide liner 13 is
next renowedulatiuing sebémem of via hole 17 by a plasma etch known to those
skilled in the art. As shown in FIG 1e, a liner 22 such as TiN, TaN, or WN

i s then dep@stilladrtiosr %’&tﬁb@ﬁw pres8RtnPentops & pivild W ARE/tARL ahrgnch 20

to protect the netal ichis used to fill the dual danascene openi ngs. The

liner 22 jhgorpyRits@irty afcrdé'ifuaﬂ%%er?;s R0 ARLRY QBB 14y fhe l?l}%ﬁgg‘éﬁ@gg or

damascene structure is conpleted positing a ne

al um num ggn aBleBivitUyitd ke rench 2 nd then lowering the
surface w th aeﬁ'éi@'?ﬁe%e%@? ?ﬁ%@ Y@%?ﬁ%ggﬁ’&g@ %n E‘N&r %dlgge}xftrg:glag%l oyed
to make net . ar,.. W t he p.of dielectric |ayer 14. A second
embodi ment ?é ﬁig’&g? Ié%&i élbjé#t@.s aé]aAéefd’.mqu@f'@r?r? ﬂﬁ‘of@‘qi%éar%ﬂ layesigpst r at e
30 is proyided i ch have a spybstructure containing _active and passive
devi ces tiﬂ%qrggpaigq.'ggo gﬁ%%pq\{lﬁn@pg}gpg %Qf aRIRg intgarakad ircaits iy semisondveter
attention,to thﬁ key aspects of thngresent i nventi on. An anor phous carbon
| ayer 32 FaViGe§eNn Q85 S&Hasiment. inARCHs &orsmdily a PRI methed dniarsubistrate. a
met hyl si | ane such as net hyl sil ane, dinmethylsilane, or preferably

t ri met hylAmeind silane, pagfepahly EimethylsilaneCisemphoybd msithe batbeni souregsand 8 key
feature of the invention is that argon is enployed as an anor phi si ng agent

to creat dransparied jiiodise dépositiirechambertty xeariengéayeth adyplivral Apy@spRsma
conditi.ons are a RF power of from50 to 500 Watts, a bias of from500 to

2000 Wt tis psedhasitter amocbisihg ayehtevhienedéfingoeasohe3A04nd 6 itPARINY th a

trimethylsilane flowrate of between 50 15
amorphous character into the carbon film. Typical plasma conditions are a RF power of
90 to 500 Watts, a bias of 500 to 2000 Watts, and a temperature of 300°C to 400°C.
Argon flow is between 50 and 200 standard cubic centimeters per minute (sccm) while
helium flow is 100 to 1000 sccm and trimethylsilane flow is 50 to 200 scem. In this
manner, an amorphous carbon ARC withn = 1.3 - 1.6 @ 193 nm and k = 0.25 to 0.68
@ 193 nm is produced. The oxide/a-carbon etch ratio is 18:1 when n = 1.43 and k =

0.4 and the etch rate ratio is 50:1 when n = 1.55 and k = 0.67. The gas mixture can be

adjusted fo tune the n and k values and the etch ratio relative to oxide.



and 200 sccm a heliumflow rate of between 100 and 1000 sccm and an argon
flowrate of from50 to 200 sccm - The preferred thickness range for
a-carbon layer 32 is from about 200 to about 1000 Angstrons. The refractive
i ndex values (n and k) can be tuned by adjusting the gas m xture to provide
a range-of n values from1l.3 to about 1.6 at 193 nmand a range of k val ues
from0.25 to about 0.68 at 193 nm Wile a-carbon |ayer 32 just described
~is tuned for a 193 nm photoresist, optical nmeasurenents could be taken at

248 nmin orGiYe the ARt iddotel oﬁ@stﬁ‘?sﬁr‘é‘ie,%&ﬁﬁ&e@ét Eszséﬁn AT0 P %@%W Gng"

at 365 nmto tune n and k for an I I ne otoresi s OCEess.
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process. Ther.efor the a-c on |ayer 32 can be tuned to control

refl ecti vPRYEHE @H{Jeﬁﬁb&@r@égs{ﬁeﬁ% & ¢langed de g nlarma that gelegtivelnremagesm
and 365 n€1 sensitive conpositions and is applicable to either positive tone
or negat i V¢ YsEYigasuesEalewhiledpe ARC erevesd amelnb snaskariftes thie etabdtardfero
coating several ARCs by dialing in the necessary gas flowrates to forman
a- car bon B&pEIIGe, (etremaining pRotpsesistds remenkead witd asnipper andrthe AR®Isesi st
application. This is an advantage over spin-on organic ARCs in which a

di f f er ent repaavedsiith aplassna eighisuel ab GF anthoxggpn D bethayertsaret e rafsoved
result, different slots in spin coating tools nust be assigned to each ARC

conposi t i with anpdasma etohh effiecahsrphout RarbBiEfercdddsi i cbihiah 8k b&i%%rfbg@b%ﬁr
cost for quality control. Spin-on ARCs nust be carefully nonitored so that

- parti cl esdods et interdixtivatageunotatesist Rybner MMiers k! tif &h BorRdidy thaPRoe dAO

not formto the extent that they causé defects in the coated film

phot or es! ratiivd e PRGOS hiinfiy ArkBPON=NaYEN 137 B daobalieg Lo rerove

organi ¢ solvent to form phot oresi st avin €% 1 om about

2000to-atﬂ% RSSO O T I S: dotermxing of. layers 32 and 34
that can av%regggg? i rre%‘@a:ﬁ%?eflg@{eﬁwéqag% '%F%%@Vﬁ"’é‘ﬁg%?r 'ts%"i'%g? §§§'fys.

Phot or esi i i exposed using a mask that is positioned in

t he exposﬁﬁagﬁégéﬁ?aﬁf{%é‘?@”cﬁﬁﬁ&%ﬁ ATATUR LS eRmEwhi ch s hel d by a chuck
on a stage [n_the ecf%%%ur.e t Otb' Ag%gt adyanced photoresi sts are based on a
cheni cal 'arrb" 7 oPER Re i S degefihaddn dhe st embedisnent ip drpositedds ve
the chem cal reactjon in exposed regions to a conpletion within a

pr edet er RSP YRR IN A duali damasceae sjackieharsintiivs faimed ever ardietectrivdlagerhsAr at e
i s devel oped in an aqueous base solution to forma feature such as opening
36 i n phdihwieresist is3hen poated g the ARE sbakad; expiseds ane dbveloped to fovinchvia Wi de
range of exposure dose and focus settings can be applied while still

mai nt ai nigRENERY. coimt vialopeOpigi is tranbferred thrsightiay ARE ang eidrerdiithgener at es a
photoresist line such as a gate or the mask nmay contain a contact hole

- desi gn. \dieleciriallaysrdgvemhpisying tie ARG 89hn @cHIMESK Gith 2Aigh bR &dedtiitpPeNi Ng
36 as shown in FIG 2a because there is no acid or base in a-carbon |ayer

32 that cemtivetefrediedtli ARk eRiebridfal pHRtsrakiof & st 'ﬁé@r%ﬂ‘rg'p@(sgw% has

an advantage over inorganic ARCs that Tcontain nitrogen such a and

Si OXNY. - ' . b
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reflecti Vperoélpcaena %o%? o(r)mgél‘cutl [Zroﬂle. The second photoresist and ARC are then removed

by an ashing method. A liner is deposited in the trench and via hole followed by



Opening 36 is etch transferred through the exposed ARC 32 as shown in FIG
2b by a plasma etch nethod that usually includes oxygen and a fl uorocarbon
such as CF4. Sonme or all of photoresist 34 is renoved during this etch
dependi ng upon the thickness of the |ayers 32 and 34 and the etch
conditions. The opening 36 is then transferred into substrate 30 with a

pl asma conposition that provides a high etch selectivity of a-carbon | ayer
32 relative to substrate 30. Those skilled in the art will recogni ze the

appropri %?ﬁﬁ%n%ﬁ@ﬂéﬁa‘i.i PhRe hhéltstéz“f(): bl fo%fr@rtﬂe%uéﬁ Sabb et 2tirBOto |

substrate as depicted in FIG . Once’the etch transfer to a desired

d h H H . . . .

?:?Etar bzﬂt@af@%*?%ﬂ?@éﬁ%émv@%%%‘a@s|a§&*é§“§é%:ﬂr}*fgdﬁ%§ﬁﬁﬁé&!sﬁmﬁﬁ% 838, gen
t . a RE t 100 to 600 Watts,

angwar ghS?‘Pﬁ)é?'{a[g?'gn@tﬁgééFgf)?g%t‘ﬁéé{%&'ﬁg%\(ﬁr Fz)gmg;dozog (r)nEIJ'orr. Noor esi dues Zre

formed during renoval of a-carbon |ayer 32. Substrate 30 now has an opening
36 as shown in FIG 1d in. t has _been maintained to within a + 10%
specification. A rermv%gié'£ %Q@ETﬁgﬁﬁgﬁ%Qﬁ%M@hat satisfies all of
the-inmportant requirenents for a layer used to control CD in a photoresist
patterni ng process. The acarbon | ayer described herein is inert towards the
overlying phdedr tarsle argeess seclinndl dews depicting enelemiiodiment af fee present i ng
pattern that translates into a reliable etch transfer. Meanwhile, a | arge
process wnmeition.s achi eved by minim zing reflectivity and this reduces
rework and | owers cost for the fabrication nmethod. The nethod can be

readi l'y i nplFé@8nRad Adnara oresudantibual vigns dipetratirng asstheémémboldifieng of the gas

m xture into existing CVD chanbers is straighttorward and renovi ng the

mat eri al pregshttingerftighstrate is easily acconplished. The nmethod is flexible
in that the refractive index of the material can be 18 tuned to be
conpati ble with any photoresist sinply by adjusting the process conditions

within the sane CVD W?EP MEsERIPRIGN I enE Iﬂ@émqgﬁgen particularly

shown and descri bed eference to, the preferred odi ments t hereof,
it will be understood by those skilled in the art that various changes in

I ﬁlr ;n ?23 eﬁte :’r@'ﬁlp?ti{ﬁaﬁf irR/eenE%rq % g\érlhc%gﬁy ﬁggfaﬁrttoir Bﬁotfog'é)s%ttp% en III']§5 %c;[ fo%‘rﬁda viaoPe of
hole and a trench in a via first dual damascene process and etch transferring the pattern
into an underlying dielectric fayer. However, the method is not limited to dual
damascene fabrication and may be applied in any situation where an ARC is necessary
to control reflectivity Therefore, the scope of the invention is not limited to the drawings
which are intended to illustrate the preferred embodiments.

The first embodiment is illustrated in FIGS. 1a— 1e. Referring to FIG. 1a, a
substrate 10 is provided upon which a conductive layer 11 is formed within a dielectric
layer 12. Substrate 10 typically has a.substructure of active and passive devices that
are not shown in order not to obscure the key features of the_ present invention.

Substrate 10 can be based on silicon, silicon/germanium, gallium/arsenide or silicon on

insulator (SOI) technology. Dielectric layer 12 is preferably formed of a low k dielectric

10



W claim 1. A dual damascene nethod conprising: (a) providing a substrate
with a stack of layers formed thereon, said stack conprising a barrier
liner, a dielectric |ayer over said barrier |liner, and an anor phous carbon
anti-reflective coating (ARC) over said dielectric layer, (b) formng a via
hole in said stack by coating and patterning a first photoresist on said
ARC and transferring said pattern through said ARC and t hrough said
dielectric layer with an etch, (c) renoving said first photoresist and

repl aci ngmatdrial i srdeotcprpbide@oediisdulatiraj propbhies Sidds mbﬁnélg‘ depRfled BYEE 2
| ayer above said ARC, (d) formng a trench opening in said second

- phot or esi BEC¥IXteChABEE @lthbuih §ﬁbﬁti&mabagsiﬁ&ﬁ Riciod Eh HEGsedb foho. sai d

dielectric layer to forma trenc said trench is aligned above said via

hol e, (€)dibRERE BrSHl, %&H@%ﬁﬁ%rﬁfy g@?}@b%é@%@%ﬁ I%@?&g%ﬁ% e('?%"é)i er

liner at the bottom of said via ho epositing a 7
S devel i BRSO B, lRNSoS BRA RS TN A e SRR ¢
borophosphosilicate glass. A photoresist layer (not shown) is coated on dielectric layer
12 and patterned to form an opening which is etch transferred ihto the dielectric layer
12. Aifter the photoresist is removed, the opening is filled with a conductive material 11
such as copper or a copper alloy, aluminum or an aluminum alloy, tungsten or a
tungsten alloy or a metal silicide. The conductive material 11 is planarized with a CMP
step so that it is coplanar with the top of dielectric layer 12 and is hereafter referred to
as conductive layer 11. Conduciive layer 11 is typically connected to elements of the
- devices located in the substrate 10 substructure.

A barrier liner of silicon carbide 13 is deposited by a PECVD technique on dielectric
layer 12 and has a thickness of between about 200 and 1000 Angstroms. One PECVD
process for depositing SiC includes a gas combination of trimethylsilane, tetramethyl
silane, and CO,. Silicon carbide 13 functions as an etch stop during a subsequent
trench etch and also protects conductive layer 11 from chemicals such as the aqueous
base developer used to remove photoresist in a later trench patterning step. Silicon
nitride and silicon oxynitride can also be employed as an etch stop layer (barrier liner).

Next a low K dielectric layer 14 is deposited on silicon carbide layer 13 and has a
thickness of between 2000 and 15000 Angstroms. Dielectric layer 14 is preferably
comprised of FSG or a carbon doped oxide but may also be selected from the group of

materials that are candidates for dielectric layer 12.
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it is coplanar with the top of said dielectric layer. 2. The method of
claim1 wherein said barrier liner is a silicon carbide |ayer having a

t hi ckness from about 200 to about 1000 Angstrons. 20 3. The met hod of
claiml1l wherein said dielectric layer is selected froma group of materials
i ncluding fluorosilicate glass, carbon doped silicon dioxide,

pol yaryl et hers, polyin des, borophosphosilicate glass, and

pol ysi | sesqui oxanes. 4. The nmethod of claim 1l wherein said dielectric Iayer

has a thickpegis B@l}\’l‘ﬁﬁ%nﬁﬁ’ﬁﬁﬁuﬁ%g ARl 28004 bﬂ%ﬁﬁsdi%léctnm%

claim11 wherein salrd anor phous car on"ARC i s deposited od to

ner i n Qo GV LR b poklch B arboll s LRI e ?Om%%’*?“’ﬁ%%”\%@ Y
a tri et L{ﬂ%ﬁ"ﬁ@ﬁ@‘w*%%o3a¥%f8féra§‘afs{?%"ﬁw S BETHA Rl tor T PRTCUB, S0

about 100 to 10Q0 sccm and, an ar ow ra f.rom abqu 0 to 200 sccm
7. The nmetROWPLLYA BRI carisr 9ps ed %‘F%Hf)h IRVEHion IsiEt REGON ISt r act i ve
i ndex,

employed as an amorphising agent to create an amorphous character in the carbon
layer. Typical plasma conditions are a RF power of from 50 to 500 Watts, a bias of from
500 to 2000 Watts, chamber and substrate temperature of 300°C to 400°C with a
trimethylsilane flow rate of between 50 and 200 sccm, a helium flow rate of between 100

- and 1000 sccm, and an argon flow rate of from 50 to 200 scem. The refractive index
values (n and k) can be tuned by adjusting the gas mixture to provide a range of n
values from 1.3 to about 1.6 at 193 nm and a range of k values from 0.25 to about 0.68
at 193 nm. The etch ratio of the underlying oxide layer to the a-carbon layer also varies
with n and k and changes from 18:1 when n = 1.43 and k = 0.4 to 50:1 when n = 1.55
and k = 0.67. The amount of amorphous character can be adjusted by the argon flow
rate. In general, the refractive index n decreases as amorphous content increases.

It should be noted that the a-carbon layer 15 just described is tuned for a 193 nm
photoresist but optical measurements could be taken at 248 nm in order to optimize n
and k for a Deep UV {248 nm) photoresist or at 365 nm to tune n and k for an i-line
photoresist process. Deep UV resists are generally preferred for forming feature sizes
between about 130 nm and 300 nm while 193 nm resists are the leading candidates for
printing feature sizes from about 130 nm to 100 nm or below. |-line photoresists are
widely utilized for feai:u:_'e sizes above 300 nm because of a lower cost process but they

do not have resolution capability below about 300 nm. Therefore, the a-carbon layer 15
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n, between about 1.3 and about 1.6 at 193 nm and k between about 0.25 and
about 0.68 at 193 nm 8. The nethod of claim6 wherein the RF power is

i ncreased to decrease the refractive index (n). 9. The nethod of claim§®6
wherein the argon / trinmethylsilane flowrate ratio is increased to
increase the refractive index (n). 10. The nethod of claim®6 wherein

I ncreasing the argon flow rate increases the anorphous content of said ARC
11. The method of claim 1l wherein said ARC is conpatible with either

positive ¢fBe AinddaBohif8l refBstivit) 9brodrRspifdtoredikt paﬁ&nmﬂ’sﬁeﬁﬂ{dﬂﬂﬂn@ﬁg?x hai,m 1

wherein the etch rate of said dielectric Iayer relative to said ARC is from

Froncn c248 A dnd sekim EORIER: Bt Alugioa 1 stRERRIEKS E@%ﬁif’%ﬁ%%%“%
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phot or esi

from about 100 to about 1500 Angstroms. The preferred n and k values for the o-
carbon layer 15 are determined by the square root of the refractive index (n) for the
photoresist. The n and k values for the a-carbon layer can be lowered by increasing the
RF power and can be increased with a larger Ar / trimethylsilane gas ratio.

A photoresist is then spin coated on a-carbon layer 15 and is baked to remove
organic solvent to form photoresist layer 16 having a thickness from about 2000 to
about 8000 Angstroms. Thereis no intermixing of layers 15 and 16 that can have a
detrimental effect on the properties of said layers. Photoresist 16 is patternwise
exposed using a mask that is positioned in the exposure tool and is aligned with
substrate 10 which is held by a chuck on a stage in the exposure tool. Most advanced
photoresists are based on a chemical amplification mechanism and require a post
exposure bake to drive the chemical reaction in exposed regions to a completion within
a predetermined time that is normally one to two minutes. Then the substrate is
developed in an aqueous base solution to form via opening 17 in photoresist 16.
Vertical sidewalls with no foot or undercut are formed in via opening 17 because there is
‘no acid or base in a~carbon layer 15 that can interact with photoresist 16.

Via opening 17 is etch transferred through the exposed ARC 15 by a plasma etch
method that usually includes oxygen and a fluorocarbon such as CFs. Some or all of
photoresist 16 is removed during this etch. The final step in forming via hole 17 in FIG.

1a is an anisotropic etch transfer of via opening 17 through the dielectric layer 14 which
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carbon ARC are renoved with a plasma etch conprised of an RF power from
about 100 to 600 Watts, an oxygen flow from about 100 to 500 sccm and a
chanber pressure between about 20 and 200 mflorr. 15. The method of claiml
wherein said liner is conprised of TiN, TaN, WN, Ti or Ta and has a
t hi ckness between about 50 and 400 Angstrons. 16. The nethod of claim1l
wherein said netal is conprised of copper, alum num or a copper/alum num
alloy. 17. The nmethod of claim 1l wherein the second photoresist is
sensi ti vestirbhified WM SMIFHEABLR gas liks eir e, e 8 rhdidhetiHreRBaipr @i st
t hereby enabling said ARC to be éffective in controlling reflectivity for
bot h phot | | f_ clai |
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met hyl si | ane or are use cettrinmethyrsilane as the
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conpri si n%: (a) providi ng a substrate, (b) depositing an anorphous carbon
ARC on saffl@nsugarepadayer (18) @'d%ftﬂh@é?rﬁﬁét tseRarAay rempyed by Eg sqcopd edeh d
ARC, 22

step but é conventional wet stripping process can be applied to remove any photoresist
residue.

Next a second photoresist is spin coated on a-carbon layer 15 and baked to form
photoresist layer 18 as shown in FIG. 1b. Photoresist layer 18 also fills via hole 17 and
has a thickness of from about 2000 to 8000 Angstroms above a-carbon layer 15.
Preferably, photoresist 18 is the same as photoresist 16 or is sensitive to the same

- wavelength range as photoresist 16 so that a-carbon layer 15 is équa!ly effective in
controlling CD for both the via and trench patterning steps.

Referring to FIG. 1c, photoresist 18 is exposed, post-expose baked and developed
to produce a trench opening 20 in photoresist layer 18. Vertical sidewalls with no foot or
undercut are formed in french opening 20 because there is no acid or base in a-carbon
layer 15 that can interact with photoresist 18. Since reflectivity is controlled, the CD
variation of trench opening 20 can be maintained within a + 10% specification over a
wide range of exposure dose and focus settings. An anisotropic plasma etch method is
then used to transfer trench opening 20 through a-carbon layer 15 with an appropriate
gas as cited previously for etching via hole 17. The trench opening 20 is also
transferred into dielectric layer 14 with a gas chemistry mentioned_ earlier and is fimed fo
stop at a point wherein the bottom of trench 20 is from about 1000 to about 6000

Angstroms-above barrier liner 12.
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(d) transferring said pattern through the ARC and into said substrate with
one or nore etch steps, and (e) renoving said photoresist and said ARC with
a plasma etch step. 20. The nethod of claim 19 wherein the substrate is
conprised of silicon, doped polysilicon, silicon/germanium

gal lium arsenide, a netal, an oxide, nitride, carbide, oxynitride or a
conbi nation of nore than one of the aforesaid materials. 21. The nethod of
cl aim 19 wherein said anorphous carbon ARC is deposited by a PECVD net hod

Clarm 21 wht A EEs & BetyiidEa i RS T cafbagriaforof 96 8500

Watts, a bias fromapout 500 to 2000 Watts, a chanber tenperature of 300C
to 400C, ZEMMETMS PEsMaRs 1G5 hedalonibe condtiers: 2000y8eR{low reke of ow
rate from about 100 t 01000 sccm and an argon flow rate from about 50 to
200 sccm from 108+e 306 sesm: GrRE Ipawer obabmsrié0o $aPWattsraphausharabergrresstehas
refractive index, n, between about 1.3 and about 1.6 at 193 nm and k

bet ween abiahoud 2050 206 nabont The 68camsomizyerin 8k madil fernoveddnd [Bagesrabhod of
claim?22 wherein the RF power is increased to decrease the refractive index

(n). 25. rEsriues! [Bilitonlcarbiab Thd213vRaicit FerhbRaPEIARB bottbF é’fﬂlié‘ﬁbl%"i?%&ﬁ_af | ow

rate ratio is increased to increase the refractive i ndex

net hod of l@bﬁb@té’l’?kﬁkﬁl@ﬁ%fho‘s@%kméé'lﬁ‘ﬂ'neté}? argon flow rate increases the
anor phous content of said ARC. 27. The nmethod of claim 19 wherein said ARC

3 ot e 22 S0 T T N Al
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a chanberﬁlp{h%stuali Samascene openings. The liner 22 is typically from about 50 to 400
Angstroms thick. The dual damascene structure is completed by depositing a metal 24
such as copper, aluminum or an Al/Cu alloy to a level above trench 20 and then
lowering the surface with a planarizing method. For example, a CMP step can be
employed to make metal 24 coplanar with the top of dielectric layer 14.

A second embodiment is depicted in FIGS. 2a — 2d. Referring to FIG. 2a, a
~ substrate 30 is provided which may have a substructure containing active and passive

devices that are not shown in order to simplify the drawing and direct attention to the
key aspects of the present invention. An amorphous carbon layer 32 is then deposited
on substrate 30 by a PECVD method in which a methylsilane such as methylsilane, -
dimethylsilane, or preferably trimethylsilane is transported into a CVD chamber with
.helium gas. A key feature of the invention is that argon is employed as an amorphising
agent to create an amorphous character in the carbon layer. Typical plasma conditions
are a RF power of from 50 to 500 Watts, a bias of from 500 to 2000 Watts, chamber and

substrate temperature of 300°C to 400°C with a trimethyisilane flow rate of between 50
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about 20 to 200 mlorr. 29. The nethod of claim 19 wherein the pattern is
conpri sed of an opening such as a via or trench, a line/space array, or a
sem -isolated or isolated line such as in a gate feature or a conbi nation
of one or nore of the aforesaid features. 30. The nethod of claim19
wherein said substrate is highly reflective or is conprised of two or nore
materials that have a differing reflectivity of the light used to expose
sai d photoresist. 31. The nethod of cIa|n122 wherei n nmet hyl sil ane or
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a higher cost for quality control. Spin-on ARCs must be carefully monitored so that

 particles which tend to accumulate in the ARC solution while in storage do not form to

the extent that they cause defects in the coated film.
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organic solvent to form photoresist layer 34 having a thickness from about 2000 to

about 8000 Angstroms. There is no intermixing of layers 32 and 34 that can have a
detrimental efiect on the properties of said layers. Photoresist 34 is patternwise
exposed using a mask that is positioned in the exposure tool and is aligned with
substrate 3.0 which is held by a chuck on a stage in the exposure tool. Most advanced
photoresists are based on a chemical amplification mechanism and require a post
exposure bake to drive the chemical reaction in exposed regions to a completion within
a predetermined time that is normally one to two minutes. Then the substrate is
developed in an aqueous base solution to form a feature such as opening 36 in
photoresist 34. A large process latitude is realized in which a wide range of exposure
dose and focus settings can be applied while still maintaining CD control. Optionally, a
mask may be inserted that generates a photoresist line such as a gate or the mask may
contain a contact hole design. Vertical sidewalls with no foot or undercut are formed in
opening 36 as shown in FIG. 2a because there is no acid or base in a-carbon layer 32

- that can interact with photoresist 34. Therefore, a-carbon layer 32 has an advantage
bver inorganic ARCs that contain nitrogen such as SizNs and SiOxNy. Furthermore, the
amorphous content of the ARC 32 can be more reliably controlled with argon plasma
compared to prior art a-carbon examples that do not contain argon in the deposition
process.

The a-carbon layer 32 is especially effective in controlling CD when patterning

photoresist 34 over a highly reflective substrate 30 or when the surface of substrate 30

is comprised of two or more materials, one of which is more reflective than the other.
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Opening 36 is etch transferred through the exposed ARC 32 as shown in FIG. 2b by
a plasma etch method that usually includes oxygen and a fluorocarbon such as CF..
Some or all of photoresist 34 is removed during this etch depending upon the thickness
of the layers 32 and 34 and the etch conditions. The opening 36 is then transferred into
su.bstrate 30 with a plasma composition that provides a high etch selectivity of a-carbon
layer 32 relative to substrate 30. Those skilled in the art will recognize the appropriate
gas composition that will afford a selective etch into substrate 30 as depicted in FIG. 2c.
Once the etch transfer to a desired depth into substrate 30 is complete, any
remaining photoresist 34 and a-carbon layer 32 are removed by a plasma ashing
method involving an oxygen flow rate of from 100 to 500 sccm, a RF power of about 100
to 600 Watts, and a chamber pressure of between about 20 and 200 mTorr. No
residues are formed during removal of a-carbon layer 32. Substrate 30 now has an
opening 36 as shown in FIG. 1d wherein the CD has been maintained to within a + 10%
specification.

‘A removable ARC has been demonstrated that satisfies all of the important
requirements for a layer used to control CD in a photoresist patterning process. The a-
carbon layer described herein is inert towards the overlying photoresist layer to enable

~ vertical sidewalls in the resulting pattern that translates into a reliable etch transfer.
Meanwhile, a large process window is achieved by minimizing reflectivity and this
reduces rework and lowers cost for the fabrication method. The method can be readily
implemented in a manufacturing scheme since introducing the gas mixture into existing

CVD chambers is straightforward and removing the material from the substrate is easily

accomplished. The method is flexible in that the refractive index of the material can be
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tuned to be compatible with any photoresist simply by adjusting the process conditions
within the same CVD chamber.

While this invention has been particularly shown and described with reference to, the
preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of this invention.
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1. A dual damascene method comprising:

(a) providing a substrate with a stack of layers formed thereon, said stack
comprising a barrier liner, a die!éctric layer over said barrier liner, and an amorphous
carbon anti-reflective coating (ARC) over said dielectric layer,

(b) forming a via hole in said stack by coating and patterning a first photoresist on
said ARC and transferring said pattern through said ARC and through said dielectric
layer with an etch,

(c) removing said first photoresist and replacing with a second photoresist that
fills said via hole and forms a layer above said ARC,

(d) forming a trench opening in said second photoresist and transferring said
opening through the ARC and into said dielectric layer to form a trench, said trench
is aligned above said via hole,

(e) removing said photoresist and said ARC and removing said barrier liner at the
bottom of said via hole,

(f) depaositing a liner on the sidewalls and bottom of said via hole and said french,
and,

(g) depositing a metal to a level above said trench and planarizing the metal until
it is coplanar with the top of said dielectric layer.

2. The method of claim 1 wherein said barrier liner is a silicon carbide layer having

a thickness from about 200 to abqut 1000 Angstroms.
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3. The method of claim 1 wherein said dielectric layer is selected from a group of
materials including fluorosilicate glass, carbon doped silicon dioxide, polyarylethers,
polyimides, borophosphosilicate glass, and polysilsesquioxanes.

4. The method of claim 1 wherein said dielectric layer has a thickness between
about 2000 and 15000 Angstroms.

5. The method of claim 1 wherein said amorphous carbon ARC is deposited by a
PECVD method to a thickness between about 100 and 1500 Angstroms.

6. The method of claim 5 wherein said PECVD method comprises a RF power of
from 50 to 500 Watts, a bias of from 500 to 2000 Watts, a chamber temperature of from
300°C to 400°C, a trimethylsilane flow rate of about 50 to 200 sccm, a He flow rate from
about 100 to 1000 scem, and an argon flow rate from about 50 to 200 sccm.

7. The method of claim 6 wherein said amorphous carbon ARC has refractive index,
n, between about 1.3 and about 1.6 at 193 nm, and k between about 0.25 and about
0.68 at 193 nm.

8. The method of claim 6 wherein the RF power is increased to decrease the

. refractive index (n).

9. The method of claim 6 wherein the argon / trimethylsilane flow rate ratio is
increased to increase the refractive index (n).

10. The method of claim 6 wherein increasing the argon flow rate increases the

~ amorphous content of said ARC.

11. The method of claim 1 wherein said ARC is compatible with either positive tone

or negative tone photoresist.
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| 12. The method of claim 1 wherein the etch rate of said dielectric layer relative to
said ARC is from about 18:1 to 50:1.

13. The method of claim 1 wherein the boftom of said trench is at a distance
between about 1000 and 6000 Angstroms above the bottom of said via hole.

14. The method of claim 1 wherein said second photoresist and said amorphous |
carbon ARC are removed with a plasma etch comprised of an RF power from about 100
o 600 Waltts, an oxygen flow from abbut 100 to 500 scem, and a chamber pressure
between about 20 and 200 mTotr.

15. The method of claim 1 wherein said liner is comprised of TiN, TaN, WN, Tior Ta
and has a thickness between about 50 and 400 Angstroms.

16. The method of claim 1 wherein said metal is comprised of copper, aluminum, or
a copper/aluminum alloy.

17. The method of claim 1 wherein the second photoresist is sensitive to the same
wavelength as used to pattern the first photoresist, thereby enabling said ARC to be
effective in controlling reflectivity for both photoresist patterning steps.

18. The method of claim 6 wherein methylsilane or dimethylsilane are used to
replace trimethylsilane as the source of carbon.

19. A method of using an anti-reflective coating {ARC) during a photoresist

| patterning process and subsequent etch transfer comprising:
(a) providing a substrate,

(b) depositing an amorphous carbon ARC on said substrate,

(c) coating and patterning a photoresist on said ARC,
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Sp#t 109 QO %]T':eorlnéa'n @éf(c}au)n 19 wherein the substrate is comprised of silicon, doped
polysilicon, silicon/germanium, gallium/arsenide, a metal, an oxide, nitride, carbide,
oxynitride or a combination of more than one of the aforesaid materials.

21. The method of claim 19 wherein said amorphous carbon ARC is deposited by a
PECVD method fo a thickness between about 100 and 1500 Angstroms.

22. The method of claim 21 wherein said PECVD method comprises a RF power of
from 50 fo 500'Watts, a bias from about 500 to 2000 Watts, a chamber temperature of
300°C to 400°C, a trimethylsilane flow rate from about 50 to 200 sccm, a He flow rate -
from about 100 to1000 sccm, and an argon flow rate from about 50 to 200 scem.

23. The method of claim 22 wherein said amorphous carbon ARC has refractive
index, n, between about 1.3 and about 1.6 at 193 nm, and k between about 0.25 and
about 0.68 as measured at 193 nm.

24. The method of claim 22 wherein the RF power is increased to decrease the
refractive index (n).

25. The method of claim 22 wherein the argon / trimethylsilane flow rate ratio is
increased to increase the refractive index (n).

26. The method of claim 22 wherein increasing the argon flow rate increases the
amorphous content of said ARC.

27. The method of claim 19 wherein said ARC is compatible with either positive tone

or negative tone photoresist.
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-29. The method of claim 19 wherein the pattern is comprised of an opening such as
avia orr trench, a line/space array, or a semi-isolated or isolated line such as in a gate
feature or a combination of one or more of the aforesaid features.

30. The method of claim 19 wherein said substrate is highly reflective or is
comprised of two or more materials that have a differing reflectivity of the light used to
expose said photoresist.

31. The method of claim 22 wherein methylsilane or dimethylsilane can be used in

place of trimethylsilane as the carbon source.
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