;vwe3de . \L:6T.;Da REMOVAL OF ORGANI C ANTI - REFLECTI ON COATINGS ' IN

| NTEGRATED CI RCUI TS The present invention generally relates to deep
ultra-violet (DUV) photo-Ilithography 5 processing, and nore particularly to
a'nmet hod of renoval of organic anti-reflection coatings fornmed o

sem conduct or substrates beneath DUV photoresist |ayers. - BACK mmmmmnw
Phot ol i t hography is a conmon term whi ch descri bes a process of sur ace
creation above a seniconductor substrate for patterning of underlyind

| ayers such as the bulk to sem conductor substrate and different

di el ectric, netREMOVAG @BrgRGANICOANEIRESNECHION TOABINOGST or i npl ant i ng
of special inpurities into certain regions of the sem conductor substrate.
Basically, organic filns céﬂ%%ﬁ&%‘ﬁ%‘?@@é}ﬂ S ve conpounds are used as a
mask pattern. Under |ight exposure, these conpounds change their
characteristics and all ow renoval of exposed portions of the orgmNmMWWMNWMNM|
photoresi st by special solvents (as in case of so 15 called positivegyupe
phot or esi st) which do not attacdk (99sBELS? nmasked portions of the

phot oresi st. Thus, the residual organic photoresist matenal s are renoved

bef ore et chilhg pm%emthevmdargewrn@y regtes © d@ppmrd @ioﬂﬂcﬂDU‘Nr)eg}mtmhﬁlogralphyrber of

poblem; at .this tinme c e h ical. features of th

or gani RTYFETSHNE: APd Moy, pa lf’ultaﬂg%ladﬁfftg?fg ﬁﬁg‘%’g{é@ YEHC ARET CP%%]ﬁPartE’Wént of
heat i ngorrde@ oSt det@BorRiUbGE fesgady bém@thdove! eidigsiRfiaylele phot oresi st, which
resulted in the bottom portions of the organic materials being baked
differently fromthe top layer. At the sane tine, due to overexposure
limtations of the organic pho ual organic resist material,
or photoresist footing, was |e§3§§%§§§“{é§-§ of the photoresist mask after
devel opi ng. The photoresjst footing resulted critical dinensions {CDs)

bei ng smal | dhopsithagzaphyeisi & eg@mararo tetnnyhick dmnbermmre@smofrmlgfacem

feature_si.z ot oresi s b onditiQ

Feat ur GaSe BT e B S Rbelof BB E BT bk S e oRE it B .
At fohi sefidiadugibesiieré asddisierat d e tid) hietdl 9€ pblgcryeianive ;Eﬂﬁﬁ:oﬁd\gﬁcﬁh flms
photoreS| st. First, only pure oxygen pI asma was_ used and 1t was created in
bul k quAreLImMaERg o qu_cml em?umlez w«m@ﬁrt@we@wwféhe SCEHFUWREQE BUDSIAEL enal s

appear ed, 't '}?asﬁialﬂ? %Xﬁ%gﬁlﬁisan%ﬁ?axﬁﬁ 0 seﬁﬁtﬂv‘é%&nﬁbﬁ{gﬂs%& RsQPhlh 'rﬁ&skp' at e

reactors. However, inte r circuits a ecomi ng snaller and
smal | erpattéon. plrlmdardleghne@@ssac,y tlreesmoutpnomisi nhamgdethexr cchareteristies amd]wllpe/rrent S

of sub-hal f ron esi 5 uItr vi ol et h
engt herereyal THrAROSs P et RREGTGREOIET Y rt ShErses f basP et
Ci r Ui t galled Bositive t}tﬁér Phdt@@sisth &chi a8 Qb aitSdkSurRRFSHIE o Inddlked/ pbitiodEonakd ON.

However ,
photores1st.

59"‘

Thus, the residual organic photoresist maternals are removed before etching of the
underlying layers is performed. There was a number of problems at this time caused by
fg'ig;heral physical features of the organic materials. One of the problems was caused by the

20 fequirement of heating the silicon substrate during developing of the photoresist, which
resulted in the bottom portions of the organic materials being baked differently from the top
layer. At the same time, due to overexposure limitations of the organic photoresists, residual
organic resist material, or photoresist footing, was left at the base of the photoresist mask
after developing. The photoresist footing resulted critical dimensions (CDs) being smaller

25  than desired according to the photoresist mask. Thus, feature size, photoresist type, baking
conditions, underlying, film features, etc. had to be taken into account in developing the
photoresist.

At this ume, plasma processing came 1nto use to remove the organic photoresist.

First, only pure oxygen plasma was used and 1t was created in bulk quartz reactors. Later,



nost photoreststs are transparent to DUV illum nation. This transparency
caused overexposure of bottom | ayers of DUV photoresists by |ight reflected
fromthe substrate _ surface and led to loss of Iine width control due to
nore extensive renoval of the 10 overexposed photoresist. To suppress

over exposure, special anti-reflection coatings (ARC) cane into use to be
appl i ed under photoresists to allow nmare accurate patterning. These ARC
films reduced reflection drastically and nade sub-half mcron size features
r epr odudiebldey efthes esearieorskcer ahatéryqhe sppdarcBRGiet Pt oxgpen paedaibegimteye at ed
circuit fabrication. They 15 include: organic ARCs, titaniumnitride filns,
and muPESLPSlR M BRI BIPIGEC Y ride fil ms. The rmost flexible of the ARCs
are organi ¢ if¥feSet, i COMT iRGARRI difhid &e%@@orﬁﬁg%hﬂgepgnd@n%lgﬁl’l% hPdke
materials such as silicon, drelectrics, and netals. Mdst materials used in
m cr oelmeesspamiresslumnse ooteyanimseptotroquasitentspdi ssbiniagnicrandssigndees eddepng  or

enri_chi r.ot ncent.ration in the pre-surface lLayers,.of, DUV

phot or @?ESV?%@ @iﬂiﬁléﬁ@”& ‘8“&%&% ¥ lass7 a%ﬁ@%“@a?ﬁwla%ﬁﬁEﬂrﬂ%s%@ftoqgsi sts,
t hey daentegiatcdaneeitPoTEON fen ﬁbﬁum/pmjeggt‘?%?&iu% t DU AMSniIGRNER. | HYWeveMDN
use. One nore advantage of organic ARCS is that they can be easily

i ncor pdRest eBhptatesIsisherp hispusprieRographi ¥ plwsiseton. | A'hife rteanaparensyg £aised ARCS
are appl,) r f i Ny.deposit.i e fore
phot or CaFEtetet DE SRLEL 1S BBURY ool oS AP S B B BEESRRBRC1 e
equi pmesatfageorand plied nion pserofotiganiidthARhtesindine te agodey extaisdivd Ir@tovad dthehe
phot ol it hoegr agegigilﬁequi.prrent. However, the organic ARC nust be renoved using
t he!OphAVGFEEP Oke$¥f ore the underlying silicon, dielectrics, or netals
coul d be pr oresERkQlbvEkEhRtrNskclal bt ken R bR gani ¢
ARCS are resi sf&;}%t ki gvp'hg%rreé?%tc adé@ék%]pegtrléswgﬁarmgge?fg{%%%{t%gggﬁgsd%o af ter
phot or exppsed dederd pimtargsisiEutot fléaw mehue acourtteepdtterikg eSsesof AR GefilorsgzadiucedARCs,
t here hayve been various, probl ssociated with their. renmoval w thout
Subst antHER CRRBEIER RECTH ST 2256 HrefatiintauBiidivbhe phot or st ot
masks. 3 Orhgt AR deyeraPlypesraf ARECMA! Gerel Bed@ U RutRFNEEBirQht RKMERTdnAThayt ed
with a noble gas were used in "descunt processes to renove photoresist
traties peiuge: arsanip ARG, Henbe pitrideidlas, enksmuli-lgyocticsaoxeainiee Hasper f or med
ei ther ex-si j t i L i.0- 8l . i1 B

cqui prent B rRl o P SaRCaat FLRTRED: Blar ol B bt Mg,
manuf acoiumiargelparonic mhteviaBvsuel en sihar, eli¢léwriqy; and aseds. aMpsoiaeralsased in
excellent. First, the addit] or})al operations re Lii red r.educe throughput of
manuf acPPHECTITHRS SHHEF SHEBISPROJATEN Y ROSORBgy BEES B EERLSEE F Burtes oo
during topdhtedicdnth wil gadinact heySalersuvibRIiess, ishicel ér?mq@smm- are
processes are preferred. In both descum processes, it was found that pure
oxyden phemzigelly smylar tp phgtersssty shayodoagpiicasse porsgamise i € phatosesisidanddver eat
efficien wi.Lh res to interaction with organic material, but since the
et chi ngcé%gggégo?@oﬁgége’d on producing active atom c oxygen, it is

i npossi bl e t Onebti@kndeadtages fangmod ARG s thdhihey c&cbd oadlly in@gdrated o athem ¢
oxygen afl%taqked t he side WEII| | s of photoresist pattern and Igeg to. loss in
line wi SPPOHBRETBRICRTACHHi 1B RANTS, ongsBicphBEe 252 aPRlishdo s akes PRy o

pattern égﬁ- Lbiti&S pheless bERYIRRRESAN. £1ARCSREANE. 12 HE 4980.int ke phove

pl asma processes were first used in the renoval of the organic 'ARCS and the

samgs pr dbpesitsorg cibe rqqubrast vike rspinsingepnt loegapioddis ennflor cdslycinstalled in the
photolithographic equipment.

However, the organic ARC must be removed using the photoresist mask before the
underlying silicon, dielectrics, or metals could be processed or etched and this is a major
problem because organic ARCs are resistant to photoresist developers and remain untouched

30  after photoresist developing.
Further, due to the thickness of the organic ARCs, there have been various problems

associated with their removal without substantially changing the protiles of the openings in

the photoresist masks.



The next steps in the devel opnent of organic A RC renoval processes applied
fl uorocar bon conpounds, classified as freons. Sinple freons were used such
as 20 hexafl uorethane (Freon-216), or tetrafl uoronethane (Freon-14), or
trifluoronmethane (Freon 23). These freons gases were al so used w th oxygen.
Contrary to pure oxygen plasma, these tykes of plasma discharge give better
uniformty and, as a result, better Igne width control. But these nethods
have sone di sadvant ages because, under radi o frequency (RF) gl ow di scharge
conditions, nolecules of Freon-14 and oxygen di ssociate as below. 25 CF., +

e --~ CF3~Priginally plasp2 dissh{rg} itOpure cxygen Gtaxykendibited wid)a @obl@aswhere t he
asteri sks.represent excited _neutralh atons and radicals. 3Q It is Fnown t hat
exci télaecgt“b THPTUFTREANT "ATONF P ERETHES2ERY AT Qr ‘é‘%%’f‘ge &tesIPes

et chanfescudpiodsdsePE@RNHE pBdralcd akitfier AOANDRSIdL BYetdify BLAFMERD iRy VOl ume
of plasma and delivered to the substrate surface, they provide high

vel ociwihip sHe regpinenashenfxaity dssim @roassssn have Hyat maiy disadiianiagesalfroaner gy

applie Sur. Y N o - ic -~ HFE (T), CF* ('~ * (~),
ChEre S T B 6F gerl ofep WpGHIE0 focgigs ot pen g et Bt oo
(T), GQditlohpl ¢pkrativhe sequirdatdweshipughihdef MaskfRieihillBe adtsdcddde yRIdOR ematic
ARC f oot i ng, or reﬁi dual to ARC material, at the bottom of the devel oped

wi ndowvi§dyred Reeasse vhidedts addeddluring leading andamlaspmeshe walsks. fowreipRg, in-situ

Furt hegégpgrggrd/gggggs bRer&BGeyvas cleared framthe underlying film it was
exposed to attack of ‘the fluorine containing plasma. This was a maj or

pr obl em si nipebah |desmim bawestesmit ovas dbsndattat witedyy gos ethsim is e agrdssiteaor

manuf act ur i ngﬁ whi ch arﬁ l@g%g rabl%cﬁe.tched .rgy fluorine contai nf’l??g@?lléasnas
dutd ng*82HE' 834K BECHPRS Sj B8t GHPENGy &P HESDRRICH BUTRAR™ W One

| 0SS i RalehiBe Hik dinde GRNEIcAIngARMACER IPHAYRNSn PRIMEBL! Zalé At R3kEErnisi de is
20 25 walls, processes w thout oxygen utilizing helium plasm, nitrogen

pl asmaimpnssiglegw odiate b g @nispirepie) unigiroctiona, st eTheviemipexlygeTheisekegtbe esses
were fr.ee fr.om.pol rization an contrary to.fluorocarhon.conpou based
o1 aorm&8€ il BRI kR B R AR e Bitn SRR B EORIEH T K
of tapgfocgssed wke vefy édneitipbed patesi ddnsitphs well. They coul d keep CD control but

a maj or probhlemwas | ack of productivity. Etch rates obtained. in these
protesses weYRSNANEHLE SR (5 camylfi Reursd) Bheboerimsrpy BroessessWasdudt v5d the

chem cgle t#acki OF REtHERR. RUGLRNE L WAk sy L QLgaNIC TRECLLRL Spbecause
t hese processes relied only ion bonbardnen or their effect. D stribution
of i ongrdsyssentargysaqum. gl ow di scharge was such that nost of the ions have
insufficient.energy to prqvide uttering. Thu only very small n er of
i ons contri BUE T FHa lglf %ecg%‘ﬁi s tHeT5rHE SR C Eir%%vra?d%%%ﬁ?eé i@%rggermval
pr oces $iRsro¢a®dn JlcompairtighagigRified HsNGHeBnPdaSimpleC Hreds CREROMsBDNOhd@s
carbon di oxi de, | ower nitrogen oxide, nitrogen npnoxide, or discharge in

t h@0 mi exatopgthansdSecogdéd i teaiiioremgbancoirersbl 4, gryiibissemetianceifiresn- ar gon

q _ OV | oL
car bon 2abnSie S T HEER-ORER AePulebiuf BLRER, Ebpin o R crdfth FEE dice!,
(DRV  rgsestdfygasnondisttahiengivé Retigr Bofemay emd, dseadesub, patey fieeiwidti amtionst ead

f ifng, wher r i) f rial on .
of etc '}xtgtheseem%t};[ogse h%vg\@sgm% c&llgadvgrlxjtgge% benc‘;.;[lsee, u%deroradlo frequency (RF) glow

discharge conditions, molecules of Freon-14 and oxygen dissociate as below:

25
CFy + e — CF{*+F*+(2)e (1)
O +e — OM*+0* +(2)e )
where the asterisks represent excited neutral atoms and radicals.
30 It is known that excited atomic fluorine and atomic excited oxygen are very agressive

etchants against organic materials, and when they are produced in a volume of plasma and
delivered to the substrate surface, they provide high velocity isotropic chemical reaction even

without any additional energy applied to the surface



t he photoresist and the organic ARC materials, which result in subsequent

| oss of €D control. 51In addition, with all these processes; because of
the selectivity of the process on organic materials, ARC footing occurs and
detrinmental ly shrinks the dinmensions of the openings and | eads to expansion
of the dark field features of integrated circuits. Solutions to these

probl ens have been | ong sought, but have |ong el uded those having 5 skil

in the art. DI SCLOSURE OF THE | NVENTI ON The present inventi:dn provides a
met hod for manufacturing an integrated circuit structure by providing a
sem conductor substrate and depositing a | ayer to- be patterned on the

seni conductiir+ exgdasicr abe. AfF 6F)gant ¢ TadtHEY @) @Hifi*afl),codst*ng), GFddfpsi t ed on
the layer, to be etched, and then an organic photoresist is deposited on
the organic anti-reflection coating. The organic photoresist is pdBierned
and devel oped to form an opening having side walls and to expose a portion
of the organic anti-reflection coating. The organi c photoresist and the
exposed por®t arorgdni¢ her or g@Hi(@),d0 (hHeCOEd),icm, @oati ng adsorb neut(@al

nol ecul es. A unidirectional dissociating process is used to dissociate the
neutral nol ecules on, the exposed ~ 5 to el ectron-ion bonbardnment portions
of the orgapy bz i i . S - rgani c
photoresis?ﬂ%%g %%@?@ﬁ&gﬁgkégﬁﬁﬁﬁgﬁ%g%ﬁ#&ﬁ%Bg%%%@%ﬁ‘ggcp@%ﬁ@&géé%ﬁﬁgﬁganic
ant i - r ARICentatenial, cavaidé bottord ifshaldbvalspedak indown @ tATRCS. afiis treatbé tied edieel usi ng

the orgapjc photoresi st as a precise mask w thout criti.cal dinensiagn

narr O\Ag‘r?glemfeastrﬁas&hgﬂif‘%s i%é‘ﬁhg‘ﬁ&r?’n‘ﬁ}ée:“ e V&ﬁo‘i}%a‘%ééogﬂ £ i“&ﬁ%ﬂymg

adypnt AgRSit Mas lREoI2H 85 @Rk @ﬁ/@x@tﬂxﬁﬂnx“cbﬁtm‘ﬂﬁ%‘) srﬁ@.gﬂr@was LOnd;BPsRpRM | | ed
f d g detalle é

inthe art froma reading of the follown escripti'on when taken
i n conpineesiligon Wesdd mhteralscaapaidgiyngsed riawiermgeandBROEFMDESCRIAE| @hiclorrd HE

DRAW NGS, FI 1 (P ART) is. | - - t] f ti f
serm CoNTISIOY 25 HhP b A L4 I BB SFIot CHARE P an rrels e el el Breove *
sem cofducROrfogitlpstrate; and FIG 2 shows a close-up partial cross-section

of a sem conductor wafer nmanufactured in accordance with the present
invention T6 osexspmgbess ipdirecuifiigausoburd tPHESYSQVERTONZEIA, o PRRRR 6ide ART)
repces - - Seet ] ti e > fer
10 P P, o PSR b RAEn G bRl BLROL DR pReBE AR iRl
subst r &t ehdi8. mikhee divat eddveloped.a¥eese 1ot &sef wardrdicer fradn polgtheaiatiinl bed)n

G oxi S0 B BBRa SoAeRoR] L fES0e el iR ok, SeREPIL 20 BLgan ©
or gani gnd\Rerd prdvidedf a RiddBdLfabat prdBfd o AhePHoYRES RORMRO AMEP Qoul BB €D
pol ymer material by way of exanple, but not by way of linitation.

control but a major problem was lack of productivity.

20 Etch rates obtained in these processes were an order of magnitude lower than
processes based on the chemical reaction between oxygen or fluorine with organic materials
be_gause these processes relied only ion bombardment for their effect. Distribution of ions by
e:;'ergy in glow discharge was such that most of the ions have insufficient energy to provide
sputtering. Thus, only very small number of ions contribute to the efficiency of the process.

25 . Other organic ARC removal processes used glow discharge in single gas, such as
carbon monoxide, carbon dioxide, lower nitrogen oxide, nitrogen monoxide, or discharge in
the mixture of these gases with nitrogen or noble gas such as helium, argon and neon.

It has been observed that carbon dioxide gas, and especially carbon monoxide based
gas mixtures, in commonly used dipole ring magnet (DRM) reactive ion etching (RIE)

30  systems lead to polymerization instead of etching where there was a buildup of material on

the photoresist and the organic ARC materials, which result in subsequent loss of CD control.



A deep ultraviolet (DUV) organic photoresist 16 is on top of the organic
ARC 14. The organi c photoresist 16 nay be any type of organic photoresist,
i ncludi ng by way of exanple, to but not by way of limtation,

chem cally-anplified resists, nonchemcally-anplified resists,
positive-type resists, and negative-type resists. In the best node, the
organi ¢ photoresist is activated by D&V energy. . In FIG 1 (PRIOR ART), a
phantom | ine 20 divides the cl ose-up cross-section of the portion of the
sem condudhozddwidng rwillO allntheseaploeéwee tapalisaf dfethe VieBsEvion of ke lpeddesaand nght ,

15 respectively. On e.left side, rocessing step is shown which is
af t er SGAPH Ws’ﬁﬁgh@%%dﬁf’@spﬂa g?tEQe§§aHIGSWk dhndgnensies efl 1he2 of

an opeRi i I+Q; i j a top surface 24
o 1 e e R A o e B Pt or e ot

16 and t he Seigams ¢o RS drdbifriséravabo lonnweght, bnahavARE g dudedahossttapinghi ch
renove .lﬁiﬁ%grti on 26 of the organic photoresist 16 ~d a portion 28 of the
or dani‘¢! 9¥" After the renoval step the organic photoresist 16 ,1 ,~ has
a profile 30 and the organic ARC 14 has a footing 32. Al so an etched region
36 in the dielectric layer 12 which has been deternentally attacked and
renoved during the over BISOLOBURFOPMEFHNINVARCIAM is shown. 25 A line 34
designates the | ocation of the surface which will be etched in‘the

di el ectric Tiaygfesdd i‘ﬂ%rﬂgmgﬁ%vﬁi‘ég“éeﬂltel}@aafor%Qrﬁﬁz?c‘%ﬁ%goﬁﬁ\ﬁh@ ks digqgt i bed
in th.e Background Art. FI 2 represents a close-up partial cross-sectton
of a s¥michbontvproyidingh eemupondrstrfsaettimethd depagtng o aycetotietiattetned pndsent

i nvention, dielectrjc |layer .42 has,an organi c. ARC 44 depgsi,ted ereon.
anor giRncortEiod pEBele” s B aplPndRR SR HEEP IR S, ST G,
a phangiered, iane 1R & vigder FHMEoredifsie -ddpoite® o9- HEGrgRik aiti-tdIRcPO boRimgof the
sem conductor wafer 10 into a before and after views on the |eft and nght,
r espectTheeigpnicohotoresist &f patigrmgd ang dsyderasso g pe prerdng hyee sife Balls andf t er
devel o t 0 i : . 4 f e : f..an
openi n BeRS gFBEiPLEAR feBNCRRY S Rhod Sophe, OTIR Bk S et 2n 08

porti oexgodedfparfien arfgéri orgdRC 44t-réfiastinal caavbhgcadsed hbutzal emattsolebed fon t he

side wal |l,. 52 of t.he organic photoresist 46 and the. exposed porti on 54 of
The- or paAirECRe tsRa e s ard alspcia B¢ srotin ledfiinbe it oo

On§ hed LightorsiodedibatdifeR RRARIAN I It 0 28nRNA L GBNeFRR BafHPLEGHE 8 SHEP
after the 5 application of the nethod of the present invention in which a

por t i owaBe offthe leegapicgplmterepiblotanitesied tandecanpia s opwiate oemoal off thhexprsgdni c

ARC =44 are reno . Th i de L1 i s [ I d a txal
o ecupienEEAIRE o Wil MR R8s Rlithid B Ll R0e HAREE SR B8 o)
becauserdafify ghotedist a3tatpredsedyiagkl witlidudBriticsd dhneiondimeivindtheciorphotaresist

bonmbar dnent has occurred to the neutral nol ecul es 55 adsorbed on the top
sur f acdo¥meshe

20 The above and additional advantages of the present invention will become apparent to
th<?>§e skilled in the art from a reading of the following detailed description when taken in

cfinjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. [ (PRIOR ART) 1s a close-up cross-section of a portion of a semiconductor
25  wafer with a dielectric material deposited over a semiconductor substrate; and
F1G. 2 shows a close-up partial cross-section of a semiconductor wafer manufactured

in accordance with the present invention



to organic photoresist 46 and caused renoval of the portion 56 of the
organi c photoresist 46. Simlarly, the electron-ion bonbardnent has caused
the renoval of the portion 58 of the organic ARC 44 to expose a surface of
the dielectric layer 42 designated as a dielectric surface 62. The organic
ARC 44 has no footing, as indicated by the portion 58 of the organic ARC
44, which is in-line with the side wall6 52. The surface of the dielectric
surface 62 15 shows no parasitic etching such as shown by the etched region
36 of FIG 1 (PRIOR ART). A line 60 designates the |ocation of the surface,

which will be etchekgmvidrss dogl @sRRIYINGRYET H2E INOENGORS esent i nventi on,
after patterning and devel opi ng the organi c photoresist 46, the organic

phot or esi st and pRhigre e i.0 ] an|.g 44_ar.e subj ect ed
to a radio ZFf)}@frfe]q tg\ﬁgy ERF;i ngg’%e élssghgl%gszjée eﬁé%ggtggtgorﬁn%(%aa n?%lgrrle&g
oxygen sef2jondncoc erfzon Onmnmgi ddiele@c. layidni 1@ dpassitadxdver e siiaon Bemitohducest by
certain anmount_of_ naobl e gas, such as helium (He), neon (Ne). argon (Ar), or
a conbif ftf%#%‘hgﬂ‘é&f?lecﬂ]ﬁﬂgyef ‘Scogﬁdp?ﬁeﬂﬁssug}ﬁ a%??‘llﬁ?‘bwoa{égéﬁ@%eé fP:ct j ons
of di ssebatib®RreRe KasedRl BddsRANAEIHic afdirefle@iGy cdatl (ART)RRAGE k@od 25
CO~aC+ O + e~ Reaction Z O + CO- Reaction 3 AFl" thé reactions are
bi - di r etbeidtatediriataget hd iTae otgabist ABEN! disrod et matedalr ek as polyerbeantinspheeplends
upon the ratio _between.the gases in.the m xtur.e.. For exanpl e,

i ncr eas RIGPOVHET %crﬁ%F%Wgyrogaﬁ%%%le%ﬂ‘ég&%ev%o@m%lﬂ?d of Reaction 3.
This neans t RafeephiftoiolsteDBV)wegmaNBHoRre ek 1@fis 8h &P 6f X ¥ERRAICARE .. TR

m xture is reduced, Thus, it is possible to control the amount of neutral
nol ecul @ganis PEALOARSISODS RY anY typrael ereanisphetotasisk intlediag §uWay argramplal . As

t he, con i : - ecul ~cl entl 3 - .
contEnt P 1o Yo PR, B HARLA0E Sk I S ERa ML Mo AP AT retisty o
sur f acep@idititdigype resans, anphepaivesiyse resiss. 4, the bestshode, wed brgaic phothrése is
exposed porti (@ﬁé of the organic ARC 44. Adsorbed CO and CO- nol ecul es
cover e%%ﬁ@?& {cBE™BInd prevent atomi c oxygen from accessing the organic

material's of 1{ bgs OF GRIOR RRAYOL Fifintdm ‘ﬂiﬁle Q@gii%ﬁé‘s %E%%@E%p%ﬁlgésiéctidﬂod/ﬁ){@r )

under gl ow di scharge conditions, particle bonbardnent by el ectrons and 5
i ons t akesiopl cfctbe stimidokduatauwatat |pantoi x before eddefteroviswand thohsft fnd hght, t he
electric field direction of the RF gl ow di scharge equi pnent (not shown).
Becdtise 'BPSYHFY, el ectrons and ions unidirectional |y bonbard the waf er

surface only Onnha 1410488 a stbERSihk @ftp il Hesvn Whith 94 SfeerwiRldlopredtof B or@xgesed
to el ectron-ion bonmbardnment. On_ other hand, the top surface of the organic
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3.5 vat tr%/ar(m:tgrf%ctured in accordance with the present invention. A dielectric layer 42 has an organic

ARC 44 deposited thereon. An organic photoresist 46 1s deposited on the organic ARC 44.
30 In FIG. 2, a phantom line 30 divides the close-up cross-section of the portion of the
semiconductor wafer 10 into a before and after views on the lett and right, respectively.
On the left side, a processing step 1s shown which is after development of the organic

photoresist 46 to form a side wall 52 of an opening in the organic photoresist 46 and which



1.5 - 5.00.0 - 5.0 Preferred O-+CO+Ar 30-35 niforr 2.7-3.2 Watts/cm "~
2.0-3.5 1.0-3.0 It should be further noted that the process of the present
invention is residue free and 30 provides favorable selectivity for etching
the organic . ARC 44 over nost materials conventionally used ~n integrated
circuit structures, such as silicon, dielectrics, and netals. 9 The
present invention could be applied eitther in-situ or ex-situ process and
could be used in mcro electro-mechanical systens (MEMS) fabrication as
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and devel opi ng the organi c photoresist [46] to form an opening having a
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[46] anglet4pe organic antl-reflectlon coating [44] exposed to the
el ectron-i on bonbardnent; repoving the exposed portion of the organic
anti-refl eé® thgpresgat mﬁedxt{ogﬂﬁeréﬁaermng and developing the organic photoresist 46, the

organic photoresist 46 and the exposed portion of the organic ARC 44 are subjected to a radio
20  frequency (RF) glow discharge generated in a mixture of oxygen (O,) and carbon monoxide
(CO). This gas mixture can be diluted by certain amount of noble gas, such as helium (He),
neon (Ne), argon (Ar), or a combination thereof. Under the conditions of RF glow discharge,

reactions of dissociation and recombination occur:
G

Oy + ¢ O*+0* +¢ Reaction 1
25 CO~+¢ C+ O*+¢ Reaction 2
O*+ CO CO, Reaction 3

All the reactions are bi-directional and the ratio between direct and reverse reactions

depends upon the ratio between the gases in the gas mixture. For example, increasing of the

CO content reduces the reverse compound of Reaction 3. This means that effective

30 concentration of atomic oxygen in the gas mixture is reduced. Thus, it 1s possible to control
the amount of neutral molecules, such as CO and COa, that do not attack the organic material.

As the concentration of CO and CO, molecules sufficiently exceeds the concentration of

atomic oxygen, mostly those molecules are adsorbed on top surface ot the organic photoresist



r patterning the layer [42] to be etched using the organi c photoresist [46]
with the organic anti-reflection coating [44] renmaining under the organic
photoresi st 25 [46] as a mask. 2. The nethod for manufacturing an
integrated circuit structure as claimed in claim1l including: . . producing
the neutral mrespect of organic materials nol ecul es dunng the adsorbing of
the neutral ~n respect of organic maténals nol ecules in radio frequency
glom/dischange. 30 3. The nmethod for manufacturing an integrated circuit

st r uct4®r Eeaddecwall e dandnthe |expeped poREINUY althe presaiccARE theAdwnbedaf Onasidecul es

in a 1 . T r C I I at.ed
cir cuﬁ’ézs ?Aral}%:(’lt{%tr%ec%vse ! (1:% gésﬁéida?%a%% rélﬁ gigﬁgﬁenﬁgﬁgnéw nggfrr%ﬁ n%gcg%sgg{ghéh%neut ral
i N respeatic ofateviaatitice orghEt pabdieraIizt € mhehews@niccARCt4don- i on bonbar dnent
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I N respect of organ_l c mat erl_a s nol ecul es proauces an active atom c el enent
whi ch ofethet BFwilow dikehaogegaqiipmpitofrot sbowh). t BefcabE @nthis, dectmogannd ions

anti-reflection, coating. [44].and.not with the er. to be patterned.
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in cl aisMol exhiRE€ kN elebRIMNNHBNITARIEXROSEH ol thfd) thE tdph@rfatdanthe organic
anti-reflection coating [44] uses an active 15 atom c elenent. 7. The

net_hodPHAberesisintft andt the ichpPsan prritcagaeiclie ergesis ARCt44urse grroses teloay preasy n

e i et G i ol AR¢ .
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200 nTo¢dompaitiBn oT 0O, MEteb@@tib6f neuidf molddtiengpaid abtdse frat@tlic®ixiygen, tnd
structure as clainmed in claim1 wherein: renovi ng@t he exposed portion of
the or §EAIPHPOSIHON Creafas xy Behdiserilyi iy theawy erse ppé of Beassioni h Al fedpentipaed on
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observed and there is no attack on the underlying layer.
The organic ARC removal may be performed in a magnetically enhanced reactive ion
etching system, more particularly in a system with dipole magnet ring and a 13.56 MHz RF
20  generator with the following operating parameters, which are presented by way of example

and not by way of limitation:

Acceptable Preferred
Q‘,}:’as mixture 0,+CO+noble gas O, +CO+Ar
25  Process pressure 20 - 60 mTorr 30-35S mTorr
RF power density 1.0 — 3.5 Watts/cm® 2.7-3.2 Watts/cm®
Carbon monoxide/Oxygen ratio 1.5-5.0 2.0-3.5
Noble Gas - Ar/(CO+0O») ratio 0.0-3.0 1.0-3.0

It should be further noted that the process ot the present invention is residue free and
30 provides favorable selectivity for etching the organic. ARC 44 over most materials

conventionally used in integrated circuit structures, such as silicon, dielectrics, and metals.



30 claim 1l wherein: renoving the exposed portion of the organic

anti-reflection coating [44] uses a ratio of noble gas against a sumof the

remai ni ng gasses in the mxture ma range from0.0 to 5 0.
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removing the exposed portion of the organic anti-reflection coating [44]; and
H

patterning the layer [42] to be etched using the organic photoresist [46] with the
organic anti-reflection coating [44] remaining under the organic photoresist
25 [46] as a mask.
2. The method for manufacturing an integrated circuit structure as claimed in
claim 1 including: L
producing the neutral 1n respect of organic materials molecules during the adsorbing
of the neutral in respect of organic matenals molecules in radio frequency glow discharge.
30 3. The method for manufacturing an integrated circuit structure as claimed in
claim | including:

producing the neutral molecules in a gas mixture.
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7. The method for manufacturing an integrated circuit structure as claimed in
claim 1 wherein:
removing the exposed portion of the organic anti-reflection coating [44] is performed
at a process pressure of 10 to 200 mTorr.
20 8. The method for manufacturing an integrated circuit structure as claimed in
claim 1 wherein:
removing the exposed portion of the organic anti-reflection coating [44] is performed
J in a reactive ion etching system using a radio frequency power density in the
range from 0.1 Watts/cm” to 3.5 Watts/cm®.
25 9. The method for manufacturing an integrated circuit structure as claimed in
claim 1 wherein:
removing the exposed portion,of the organic anti-reflection coating [44] uses a gas
and an active atomic élerﬁent in a rat1o from 1.5/1.0 to 5.0/1.0.
10. The method for manufacturing an integrated circuit structure as claimed 1n
30 claim 1 wherein:
removing the exposed portion of the organic anti-reflection coating {44] uses a ratio of
noble gas against a sum of the remaining gasses in the mixture 1n a range from
0.0to S 0.



