5 August 2004 1 REMOVAL OF ORGANI C ANTI - REFLECTI ON CQOATI NGS | N | NTEGRATED
Cl RCU TS TECHNI CAL FI ELD The present invention generally relates to deep
ultra-violet (DUV) photo-lithography 5 processing, and nppeggazdo4cul arly
to-.a nethod of renoval_ of organic anti-reflection coatings fornmed over
sem conduct’or’ 'substr-at es-"beneath DUV phot oresi st | ayers. BACKGROUND ART
Phot ol i t hography is a conmon term which gescri bes a process of surface mask
creation above a sem conductor substrate for patterning of underlying

| ayers such as the bul k 10 sem conductor substrate and different

di el ectric, netal REMEOALOEOHGANECSENTERINCEOTIHN @BA&%{&” | npl anti ng
of special inpurities into cert egi ons of the sem conductor substrate.

ainr
Basi cal |y, organic films contBf BN&E TEDERCUIVE conpounds are used as a
mask pattern. Under |ight exposure, these conpounds change their
characteristics and allow renoval of exposed portions of the organic
phot oresi st by special solvents (as in case of so 15 called positive type
phot oresi st) whi ch do not attack Ys&H FOFLRasked portions of the
phot oresi st. Thus, the residual organic photoresist materials are renoved

bef ore et chi ndh&fPresset inyention) generglly agletes to deqpenlirarvislel (DWey ghyBSitRo LT

of prqbl . [ I u by neral physical features of the "

or gan?c t g'?sltl%\é’ Ejh 8 &cgggy]a &{%H%Ie%r%ﬁl @%0&82 r%%‘?iélg piBantseandierefleciiginreoatings of
heating tirenesiidviecomisothisictontgbstfos raeneiaygmpbmme&smfﬁrphot oresist, which
resulted in the bottomportions of the organic materials being baked '
differently fromthe top layer. At the sane tine, due to overexposure
limtations of t-he organic phot Oﬁgfﬂlfqﬁé residual organic resist material,
or photoresist footing, was |eft OLRER ART t he phot oresi st nask after
devel opi ng. Th% Ph_ot oresist footing resulted critical dinensions (CDs)

bei ng smal | er P28tolithagraphy; ised capwend term thichh desohibeso n esriosdss narS kurfabB Usiask

feature sj i: Ki condi tians nderlying film
Foat ur os. Ay en B SRS d e sl de TRk BB ey Eh etk t
At thbs semiEondidemnmbgrae asbdif§renadRldeiic mesa of 901&&%eéﬁir§*§_€m%§a&ét& films

phot or esi s%. . F'Hn?jt, ?nl Y. fure oxygen plasma was uUséd and it was created in
bul k quarof OTIBIREANGRS O $RFCIE IMPrles aip contia repions of the semiconductor substrate.

Basically, organic films contaiﬁing photo-sensitive compounds are used as a mask
pattern. Under light exposure, these compounds change their characteristics ;md allow
removal of exposed portions of the organic photoresist by special solvents (as in case of so-

15 called positive type photoresist) which do not attack unexposed or masked portions of the
photoresist.

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

20 requirement 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 fhe photoresist mask
after developing. The photoresist footing resulted critical dimensions {CDs) being smaller

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

At this time, plasma processing came into use to remove the organic photoresist.

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



when dry etch of sem conductor materials appeared, the pure oxygen plasma
began to be wused in situ in parallel plate reactors. However, the CD of
integrated circuits are becom ng snaller and snaller. To pramistdBo4necessary
resolution in order to neet the requirenents of sub-half-mcron design
rules, deep 5 ultraviolet (DUV) light with wave | engths | ess than 300 nm
cane into use for the smallest CD integrated circuits. This in turn '
required g&ot gl;gsi(;l;;f opaque to DW illum nation. However, nost
phot or esi 180 gre etdhapisysarientdutior Buiveridld uppdaadidl e i rency caused
over exposyr ;9fi et tom | aggrs of DUV pholltsﬂor esi st sp%}l)% %ygﬁfg?ag?ﬁag%ﬁgé’aﬁ? h”(?m
the substrate —surtxce CAH $¥3°PH- 1 oss of line width control due to nore
ext ensi ve rend¥akeoé:, D 1@ ; toresist. To suppress _
over exposure, speci al_ ant?%)?élg}!%r%]t%?%%%@%a r|Q(’r%§(:s° RREP2lerand; sadler, o pravide
appl i ed uRHEFSaphERSBluESH ér grdep tammlechwherneqmiranents A QUPAL GBI M esiBAG S Rs AR
filns 59d9%@iolétgﬁgﬁ§tﬂg$ﬂwﬂﬁa5“ cal | é and made sub-hal f-mcron-size”’
features reproducible. ere '4'e regs thapyl) nan capeintp ase foete soxdidst CD
i nt egr at ethtegratedi circfigb rThésaih it@R. reiiRY i .or i ¢ AR tifani um
nitride filmnms, .and nulti-Ilayer s(?ilhi 05)#&%;?85% %ﬁﬂ%&}lﬁﬁﬁr}sﬁ]uﬂ%ms FXRE:bl e
of the ARCSSARPORIENF c 2aREEBNsDREENt c4n DY Vapilunedatton. t MRisMaskigigencdl caused
m cr oel ecbvRes iRt & i i con, dielectrics, and netals. Most
materials used il%% %'w():d?t)e Z%&oﬁfc@%d’%@gorﬁ‘%%hiy 1gh gpfiscdad SompHiesivstige
namel y depirEce npdotedety ilotsi nf lipeotvith @ARGEMUEA Abrd xidigiRr P?o%{ a8y,
| ayer g, of %p%hé) C}{? sists. Since organic ARCs are 20 chemcally siml g? to
phot or esi 5t's, tlsle({/p PIRYE: cause poi soning of DUV photoresists and have
cone into conMPA sukHRess GVerek - B rgani ¢ A i.s that they can
be easily inc rpo?%jt?ed i n_tegp %Sﬁ‘équﬁég‘?%%ﬁtrﬁ@%@’é’gﬁéf%s Cans 1geriise de be
organi c Aﬁ@é‘e‘ir‘@darpﬁhﬁ’tétﬁstsﬁ tchellmvafmeoresatciimee pityeraings Thosed ARES il O il QG €SS
in 25

before p i i ecause.of the sinplicity of spin

deposi t 2{%}&1@? e c&%ﬁﬁgﬁ%%@?’%& %@Fﬁf‘ﬂ&r%%?é&& Tes )RROdseihlebe easily

installed in tTHeerephoteokiat hegs apART %H{NQEEBJH&? img%ﬁred c}ra it ?{??ﬁm. c
0 ander

must Pse r.enio}/ie.d usi,n%@\t he _llph_otor_e$i st mask betore the 6‘1‘§Hi 6n,
di el ect r i T&EIG TR G PR (Sotilaniugenitidcilmse ehdomubi- pedckilioo dxbinrids figndraj or

pr obl em becausghOrGaM&i istant. t hat or esj st devel opers and
remai n unt ouched 30 af tﬂggzggr%%ggi%g Owgl‘ég%@ﬁa?at Edft Phapplicdye theomepleng

t hi cknessofonicrerleatiogieTnateARES clt hesiticdtn ieel QRO YAl its. PRARY GFFeriaRSRE A &
with theirﬁic;&{g%\(r%ln.cwi t hout substantially changing the profiles of "t he
openi ngs 1 N 7 phgtcg}lsees?rg{imﬁd) Rioresist poisoning, namely depleting or enriching proton

concentration in the pre-surface layers of DUV photoresists.  Since organic ARCs are

20 chemically similar to photoresists, they do not cause poisoning of DUV photoresists and have
come into common use.

One more advantage of organic ARCs is that they can be easily incorporated into the
pdl):mtolithographic process. In general, organic ARCs are applied to the wafer surface by a
$pin-deposition process before photoresist coating. Because of the simplicity of spin-

25

deposition, the equipment for spinning-on organic ARC can be easily installed 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 profiles of the openings in
the photoresist masks.



5 August 2004 3 Originally, plasma discharge in pure oxygen or oxygen
diluted with a noble gas were used in "descum processes to renove
photoresist traces prior to wet oxide etch. These descunstpugeses®ds coul d
be perforned either ex-situ, outside the etching equipnment or in-situ,

wi thin the equi pnment. Ex-situ descum processes have two mai n di sadvant ages
froma 5 manufacturing point of view eve{’l where the processes are otherw se
excellent. First, the additional operatfons required reduce throughput of
manuf acturing line and second, yield is reduced because of defects added
during | oadi n@ragimhilynplaadi agchhies wah ek in-sit descum
processeg ar e p(g eferred. In botﬁ gﬁécu%%%%ﬁ%?é@g;& fh!tluq\*ié%“#‘diﬁfgﬁ? B3 WP e
oxygen plasntl: FERBr Proggisss 49 vemovo phefarenist trecqganic weder baks cand @ﬁﬁse '
great ef fdeshuNG¥cokd RERERL | raction wi.th organic material, but
since the et g‘r}i&ng prsrc]):((:)gss i's %jg@g%g%}gcrﬁ?(' &ﬂc‘i"ﬁﬁg%\g}ci 28 ehilpmentygemsitit i s
i mpossi bMathiy thspeavipmant r Fa-situ dekt@Phoceddd UhtEehh AL digéq‘?ﬂgtag&epat om ¢
oxygeg ahﬁgﬁﬁg%ﬁ%he O.r?ilc&e wal | s of photoresist pattern an e 0 | 3% 4 n
line Width contror *2ht Unf'PErTHeR yvhethéhe prosessesers wbereisccencelansi First €HeO
pattern dédisotal opsratiehd reqdiBe j to he used, the above

pl asma progces e?were first dlﬁ%%?@%@“ﬁ@%@%%“?%g“ﬁ% AreraRdsidaisd
the same™ProHl Mrausd defeets addeduhmmalisiding bBuNIPDEEESESEQT THESEHD in:rsgl%
next Steﬂ@sbbﬁhﬁr@&s%‘é@éﬁ@fgﬁ% of organi c ARC renoval processes applie

fl uor ocar bon conpounds,” classified as freons. Sinple freons were used such
as 20 hexaf | lobethhdmeurt fpr&@8sed 1 8) wasOfouh & lih A r t hane (Ereon-14),_ or
tri fworomet hanengﬁljr eon, ?:T%). These freo¥r-1l&sE ﬂéeg eugé)ﬁ/g " aléas({n%jéseﬁe%%ﬁgsé&’?gen.
Cont tar y 264875 i Retsnials andnbas gusels effictenpe svithf roppaes 1 istemGhay 98th0bEnic
better ugafegipm , - resul better line wdth control. But "these
net hods have _rspogr% Sg{&gatggghc?lg{ eél%l%éegéalﬁgo ,Se‘{JHE’jé)FOC?“&H}goa‘f“rvéqﬁ]@WéyoﬁF@)l, gl isw

di schar gEnRWssitie o abain avheeulsesopit, E{i@i@éﬁiéﬂalg&gh_ox}{gg&e}qg%§ gna}t s, bel ow.
25 CF4 +Siﬁe'v&aﬁ§%(f+%§ + F* + %2) e(l), 02 + e -aOx+7* + 0* + ?% e%ﬁ? &r e
the asterm sKe TeproSEitsis e ttagarels ta) loss wnkncawitith aditall and 86ifdrinitys ThaOWN
t hat excpﬂoeehseat@&ie%f}lMéiiiﬂ@t@ﬁ%sﬂ%gy%‘%ﬁed oxygen are very agressive
et chants against organic materials, an en they are produced in a vol une
of plasma andWVigBIR§aRi@ARCs caties to Wssisedtthe aboveaslasmd PRYeREOWEASHA G4 in

vel oci tyimbSREOR 6r PRETLERL: WGASL LOD £ven

. and the same problems occurred as when using the
processes for descum.

The next steps in the development of organic ARC removal processes applied

fluorocarbon compounds, classified as freons, Simple freons were used such as

20 hexafluorethane (Freon-216), or tetrafluoromethane (Freon-14), or triflucromethane (Freon-

23). These freons gases were also used with oxygen. Contrary to pure oxygen plasma, these
types of plasma discharge give better uniformity and, as a result, better line width con&ol.

B}_;'i: these methods have some disadvantages because, under radio frequency (RF) glow

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

25
CFs + ¢ = CR™*+F*+(2)e (1)
O ¢ - O*+0* +(2)e 2)
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 materjals, 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



. Wi thout any additional energy applied to the surface 5 August 2004 4 F* +
organic -+ HF (T), CF* (T), CHF* (T), CH2F* (T), CH3F* (T), CF2* (T) (3) 5
0* + organic -> OH (T), HO (T), CO(T), CR (T) (4) TheskAngaclioons
‘provide mask profiles with the problematic ARC footing, or residual ARC
material, .at the bottomof the devel oped wi ndows of ARCs. This created the
sane problens.as mask footing. Furthernpre, when the ARC was cleared from
the underlying to film it was exposed to attack of the fluorine containing
pl asma. This was a major problem since silicon based materials are w dely
used i'n sem conductor manufacturing which are undesirably etched by

fluorine cont Bf Ridigarit aspas g dMoCENeEnextFa ) ¢hi thg éﬁ@@% ed (trg dezQ?)fl)e the .-

ARC footing. To overconme loss in line wdth contro preven

pol ynmeri zation on pattern side 1is walls, processes w thout oxygen 3)
utilizing heliumplasm, nitrogen plasma, or glow discharge in their

m xture were devel oped. These processes - were free from pol yneri zation and, -

contrary to fldor @gasibons compau, baseth plgsneso y did not produce,any
shelter effect and even provi d(eﬂg a k?n)o’l of ?]It‘ngerzt(gjreofi | e of the ?4)

phot oresi st pattern. They could keep CD control but a major problem was

| ack of produgijvity..20 Etch rates tained in these processes were an
order of mag n?b%sgerte%%\%? PR mﬁ%’&‘é’ggeé@’ 1&%@@)@?@5@ SREnfapsingr eraesiitoat
between @R @ktelal fdtuBE HBGoM &Hher Q2o s er oAl ause_t he rocesses
relied only ion bombar drr,en? for thej rbg?%ﬁol“%l@ft%?b%ﬁ't F@HSSFG FOnS e
energy i BFOGISRG # Beafapsinga Fusthermotaawhem e ARQ es cleasd et tesudetigingnt
ener t r oV t i.ng-fhus. only very spall nunber of-ions
contfg(lybutg.ai 1enq’t %ﬁ%"@?ﬁﬂc@gﬁ#%@‘gSﬁ}eh ﬂwg@ég@g P Wérlllﬁﬁs@%i%wnf@?mal
pr ocessesinus eificgh daseli sab@iaiears Ridelynghed BASomiostEdhcas m&ﬁ{f%?}-irg’%ﬁhd&e
carbon di o%ei de51 | ower  nitraogen oxide, nitrogen nonoxide, or discharge in
the m xt HREFSBROY freedied g% duerigs eontpiptogavasmas duriop Ihe qrére-eehing gpliedko temovar gon

and neonel AROQFSotgEN Observed that carbon di oxi de gas, and especially
car bon nonoxi de based gas m xtures, in commonly used dipole ring nmagnet

(DRM reacti v50iodnrcemﬁbwgn(lmeﬁyidtlﬁébrmyo$ma:mb preacht ol yRedrivABRSA @ bhddin ishiet ead
o gati ¢ ARG ARE T Pefhe ST R o e RS SomacD Hom Bt
August  2@04heir mixture were developed. These processes were free from polymerization and,
contrary to fluorocarbon compound based plasmas, they did not prodﬁce any shelter effect
and even provided a kind of taper profile of the photoresist pattern. They could keep CD‘
control but a major problem was lack of productivity.

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

25 Other organic ARC removal processes used glow discharge. in singie gas, such as

. carbon monoxide, carbon dioxide, lower nitrogen oxide, nitrogen monoxide, or dischargé 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 tDRM) 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.



5 1n addition, with all these processes, because of the selectivity of the
process on organic materials, ARC footing occurs and detrinmentally shrinks
t he di nensions of the openings and | eads to expansi on of5 Abhsmsdzok field
features of integrated circuits. Solutions to these problens have been | ong
sought, but have |ong eluded those having 5 skill in the art. D SCLOSURE
OF THE | NVENTI ON The present invention pgovides a nethod for manufacturing
an integrated circuit structure by providing a sem conductor substrate and

deposi ting arh aueftichO W@ RRtH&EE t he '~sem.conductor. substrate. An
organi c anti-reflection coat?ngnﬁgce%geé:‘pog? Y Dtgntg'f [RElertayibt of the peodess on

et ched, &i@nChAtcaAlso i foopboresiaall desrideRasy s8HnAN t 8930k Gf the
anti-ref Bﬁéﬁﬁﬂ%%%ﬁ?e%tdgg@' The og/&la ié{l,%éhotoresi st is patterneé] and
devel oped to Form an openrnyg hg ﬁéa i 74 fhatures efriategtatedecipoge a portion of

the organic aBbiutioef foabése oAt hi\d bed, rIaRHC toresist and the
exposed ign of the organi c anti -'reel?FDé%tslgg tt%lg?l%ﬁ 05‘83‘3%32@%?‘3‘1’1“%

ortl
nol ecll e .ﬁﬂ” f#%di recti onal dissociating process is used to dissociate the
neutral nol ecul es on the exposed 15 to el ectron-ion bonbardnent portions of
the organic anti-reflection coating |leaving the side walls of the organic

phot or esi SE_ unaHec: ed and Iﬁg@i@ﬁkﬁwlﬁmgh of Eﬂe faxpose;:l o

organic anti-reflection coatl ng. s a ng e layer to be
et ched using ani hot or esi st as, a preci se_ mask without critical
di mensi on nar?@ngp F\ég%'E uelvfg %tpoﬁlthod’r‘%& %tmEﬂF%E?rnﬁ’é{mfszm& aabimegrand circuit

addi t i onsthucatte bpipagedingh sthoRlESS&NbENERd hi Epapparent t
those skilled jn the art froma reading of tﬁ@"%@“?%@m%ﬁcgt%‘é gﬁ%‘gﬁ% on the

descri pt TOHCUHBAIOT aR-Yrafe At Brgamiscamtiontlostion dohtingécdemoaind B il RYENES be
BRI Efy DEQERIGPTL T a%ﬁ%ﬁ\[ ElG .1 (PRIOR ART) is a close-up
cross-secti on o%‘%%’} FlEon ogg?g%gt,‘ léodr?aﬂ%{égron D& QREFHT apjiweflestion spating: i c

mat eri al Threprgshicetiotvesist i satteirrdnad deodlosddst bk & 0Bl h&ding RO WP Ang
cl ose-up, parti al cross(éi@%tl on.of a seniconductor wafer-nmanufactured n

accor dan e Reth® PRETG tOTEH ARt-5Hlostion gaating2 GDke pre@nBESibvEE mdRhe

CARRY! N 5t VBTNt bnd B ¢CRoA Rtk S ARSI S 0B hORGAR. A

cross-section of a portion o ccu

unidirectional disspciating process is used to dissociate the neutral molecules on the exposed
15 tg electron-ion bombardment portions of the organic anti-reflection coating leaving the side
walls of the organic photoresist unaffected and causing complete removal of the exposed .
organic anti-reflection coating.  This allows patterning the layer to be etched using the

organic photoresist as a precise mask without critical dimension narrowing due to photoresist
footings.

20 The above and additional advantages of the present fnvention will become apparent to

those skilled in the art from a reading of the following detailed description when taken in

cenjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 (PRIOR ART) is a close-up cross-section of a portion of a semiconductor

25 wafer with a dielectric material deposited over a semiconductor substrate; and

FIG. 2 shows a close-up partial cross-section of a semiconductor wafer manufactured

in accordance with the present invention



sem conductor wafer 10 having a dielectric |ayer 12 deposited over a
silicon sem conductor substrate 18. The dielectric layer 12 is of a
material such as silicon dioxide (SiQ2). A spin 5 deposit$angprmoess, is
used to deposit an organic anti-reflection coating (ARC) 14 on top of the
dielectric layer 12. The organic ARC 14 is of a material such as ‘

pol yort hoam nophenol organi ¢ polymer megerial by way of exanple, but not
by way of limtation. A deep ultraviolet (DUV) organic photoresist 16 is on
top of the organic ARC 14. The organic phbtoresist 16 may be any type of

organi ¢ photoresist, _includin of ]3 ot by way of
limtation, chem cal$§ B%@Pﬁgf’é%ﬁ\/f-‘e@% Q‘gﬁﬁﬁﬁ’rﬁ Q‘ﬁ? ﬂ‘ﬂ& ified resists,
positive-type resists, and negative-type resists. In the best node, the
organi ¢ phot oFESi 3t (PRIORCARTAL weireBsntDIA cAoserupy Crasa-sEytEn of (PRIROMAT) 2 a

phant om | 18, RRcfir 851 d BEAEL B3FabtRri€ (03512 96hdsAIa Bled D'EiicBP St R0nBlerdn e

ore an VI ews t and right,
15 respegibsyaleyi’. Ohd fdielebelctlagdrde.is af photats isoch & ﬁh)cdrsdiskndwmswi) cA spén-
after devel opnent of the orgapi c ., photoresi StWhG to formz we wal | 22, of
an opé&ni MgPASHIaTHRICETSg A Pee IR GHBPES P pregpiC AT TRARRIPR SaRBE dARE) 4 ippr e

24 of t h%he%){il %@ dl% 154 T@or%gﬁc ARt 484 g?a%}f'ﬁél‘%l'sﬁcﬁ Q@?&S{%ﬂ?ﬂlﬂOpheﬂOl

phot oresi's e organi C ARC 14 after a 20 conventional ARC renoval
step Wwhi agingnpolgmenmperibl lnwaBobéxatrpee, bnganiiby wihyotforeigiten. 16 and a

ti 28 of t 4. Aft th th i
ot or s ot 16k erpoIgaapis (UVE bieani oA FEoRise i SRR ol
Al'so an eargz%]ﬁéjgﬁcﬁ&‘egi@t BOmap bk gy t)ﬁie%f%@éarnhdl% AWREistl Znolddish b @y RE@Rample,

det er ment a ttacked and renoved durin e over etch of the organic ARC
14 i sieshchut nonBy Avdyi aifelu@ttatdms |013¢ratcéléy mehﬁ@t sasisth nepchamicallyrapléfiaghiesistswi | |

be etched in. the diel n

pr evi ous| BPSHEEEYRHESS na’? Qe%gvégﬁmoeurﬁs St/83« {1 H tlg%]gesq%@/%ptrtﬁees%%nlggﬁgﬁg%gﬁdsp
parti al cgcg%m&gybw eférgd sem conduct or waf er 40 ‘manufactured in
accordance with t present invention. A dielectr |tge Cg} yer 42 has an 1Crﬁganl c

ARC 44 deposi tT@cFlﬁér(é’BﬁORAﬁﬂRjé} Jarieriophing L8 drdde SHEBSEIT AR ¢
organi A&)Crgéé S]f ?ﬂ?%]sé}m'(::!) ucgyr f@q?@qrﬁmal 6P ddiVirdgsws B 6t AFEaMPright,

Cross-sec n e portion the sem conductor wafer 10 into a before
and aif erredpeeyivelgn the |eft and right, respectively. On the left side, a

processi ng ste IS s whi ch i.s after devel apnent. of. the or i,C .
phot or esi st 46 péhg @?ﬁrﬁ\l\@? &{PIRFERRG S18B IShoyR ‘?Slblgl?ﬁll%ﬂ%qr dey 8p18?r8692it%e orgamic
phot or esi ﬁﬁoté@s@@% WESR Dsi@ 9aBit222004 dpening in the organic photoresist 16 and which

exposes a top surface 24 of the organic ARC 14.
On the right side there is fhe organic photoresist 16 and the organic ARC 14 after a
20 | conventional ARC removal step which removes a portion 26 of the organic photoresist 16
and a portion 28 of the organic ARC 14. After the removal step the organic photoresist 16
has a profile 30 and the organic ARC 14 has a footing 32.  Also an etched region 36 in the
d.ielectric layer 12 which has been detenﬁentally attacked and removed during the over etch
of the organic ARC 14 is shown.
25 A line 34 designates the location of the surface which will be etched in the dielectric

layer 12 using the conventional processes previously described in the Background Art.

FIG. 2 represents a close-up partial cross-section of a semiconductor wafer 40
manufactured in accordance with the present invention. A dielectric layer 42 has an organic
ARC 44 deposited thereon. An organic photoresist 46 is deposited on the organic ARC 44.

30 In FIG. 2, a phantom line 50 divides the close-up cross-section of the portion of the
semiconductor wafer 10 into a before and after views on the left and right, respectively.

On the Iéﬂ side, a processing step is 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



exposes an exposed portion 54 of the organic ARC 44_ Neutral nolecules 55
are adsorbed on the side wall 52 of the organic photoresist 46 and the
exposed portion 54 of the organic ARC. The neutral nol eciihesisEmoare of
gases such as COor CQ2. On the right side of the phantom!|ine 50 one can
see a processing step after the 5 application of the nethod of the present
invention in which a portion 56 of the organic photoresist 46 and a
portion 58 of the organic ARC 44 are renoved. The side wall 52 is vertical

and adsoghRE:sngud such nd CO are shown renmining
at the s)fyd%e “wal ngéze drgggggluésﬁé%tﬁé PR ‘?1%85'%@1'5&/“1@\6&@?? dhagegdsorbed on

borbar d n@ﬁﬁldem’%bﬁ @ﬁthe organtm(pm&frdsfm A5 2RAShOSGHEL,
nol ecul ef-%eSI“S 381‘116? E%t he surfa(?e of ?ﬁ)e 1 ﬁ%ﬁ?gf%%%%%a&ecs‘ﬁgp 46

and causé t%a%‘ﬁ syeh #F CPrme dgani ¢ phot or esi st 46

Slmlarly, tﬁﬁﬂab&@}{t%dgﬂ Ses: aused the renpval of
portion 58 of the %rganl C chpﬁ{tto 2f§<eposen% rsfegcaepf)cfcefsﬁ%gﬁeélﬁﬁrrth‘é

| ayer’ 42a@é§¥%?%éflea§1eﬁlodl%f | betpresent suehtee 16 vhidihe Iﬁfrﬁ@d"% cﬁﬂ‘ﬁe%g%ﬂé no
footi ng, p or.tion 58 of the organi c

in-1ine w@%ﬂcgﬂﬂ Ig,ggi %’Fﬁ it 58 Ofrhée QARG RR G 44 pe ratn@w@d:t Frihg sslerwat 6268 15
shows novgrticashd adsoebahiengalSmueiicds on 36.0f F G
(PRI CR ART % W%A‘qéz eiJéGO de5|agnat os %ﬁgcgp/g%g%/??hgn h%ﬂglges%‘rc’?@crg maiHneg #

di

be et chel Fae rthere lsagleratm@k by eldvéropsies drimbandtestt] OfBle(J%fthén

atterni e.qr ot ist 46, the organic
Bhot or es?f?@ﬁ%ngﬁg%ﬁ%hg&g%%get %pr%r% Eef eﬁgioardé%rr}?f?@: ORAEe Aop g‘#@%uﬁjtl@et ed

to allr aderganipPhpoeepise HGyaniRA)sel mmos}amme%rﬂﬁﬂ% Qf ekb bfagaelbggéi WL &0
oxygen (Qur)ﬂ alnd car b‘%F rmn(s)bm This gas m xture c 9 st
certain Anou E-§RLo I&?ﬁ‘f(i“% }k@élqalaﬁiﬂd(lﬂé)remomdmf thilgortiar g@mf(ﬂ%)
or a con@fgamuﬂ;)mctzimeEda@;fq;,c>s!elrél<ilﬁfnfz4c9%)I (GROMALANS 1Rer T Aol e W kctio

reactions of dissociation and reco nation occ
React i onsUfaceb? +The @eanioARC ¢4 Reand famnng ashditateOb PR RRA6H 5901 ale'%rgarhge

reaction r. -0 and the r o bet ween di rect and rever
reacti onlz1R eﬁ%ﬁ"‘é@g{lj 1%?1& : Qwr‘%’t 5 % 2t h@h@gg@gcqqf thh eliglegripisuifareet2 For

exanpl e, shows meamiasgicafchifiesuck@s SIIWER tHe%@éh%@ e (f &Y ﬁr a@gﬁgo‘%}g&gen 0
i

Reaction 3. This maans that effective 30 conce |on 0

t he gas nixt ding S0 degignates thetlpeation of i pofast, bwlrhaclt wilt bakrchbd id e dadigiane  of
neutral pdepul es, such as CO and CO?, that do not attack the organl C
material. As the concentration of CO and CO, nolecules sufficiently
exceeds the kothe eraseattinemtiof, after patterning and developing the organic photoresist 46, the

organic photoresist 46 and the exposed portion of the organic ARC 44 are subjected to 2 radio
20  frequency (RF) gIow discharge generated in a mixture of oxygen (O7) 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
regétions of dissociation and recombination occur:

O +e O*+ 0%+ ¢

| Reaction 1
25 CO+e 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 is possible to control
the amount of neutral molecules, such as CO and CO,, 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 of the organic photoresist
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atom ¢ oxygen, nostly those nol ecul es are adsorbed on top surface of the
organi ¢ photoresist 5 August 2004 8 46, the side wall 52, and the exposed
portion 54 of the organic ARC 44. Adsorbed CO and CO2 noj Acgisexiogover
exposed surfaces and prevent atom c oxygen from accessing the organic
materials of the organic photoresist 46 and the organi c ARC 44. However,
under. gl ow di scharge conditions, particlg bonbardnent by electrons and 5
ions takes place. Unlike neutral particles, electrons and ions follow the

el ectri c44,itht diddiwadlcid, and th;a‘eﬂphged%rgb@mdjfsﬁ@@rggﬁcﬁwéme@%gﬁ%g (-\;s;\g%\é?) .

Because ghzt hi % el ectrons and ions unidirectional onbar

surf ace yoplseules, Sowe exnosed shghces Tands previet efiotéc vy gerb Zroni sicemting xihes ed
to el ect p@BnicAMatQAUIPE ©EB AN L he t.o rface of the organic
phot or esi%?n% and the exf)gé‘sl‘e‘@?‘ﬁg’%gﬁ%#ggﬁgé e?rﬁ%m%%ﬁ% ARC 44 are exposed
to | ow ener gyHeweetreurdarglawmdlischar goamhditidng npartidiatbonbhidiine Syt detdas nat i on

f d ition of CO2. Desorptjon of neutral
ol cchl ot ane P BEE e PSR TRRE G5 ffsRonsand towcbgrsots tleoricdiebidiosstiony gen

di r ect | yopete RRegioay aisciarpaeluighefeaihi M8yl AbleallieoFRALT Q080 PLOCESSES
are in dxnam C. eq}g;{l i brium cessi ve oxygen content 1 n"t’he plas o
| ead to UPEEEctignally hembird the wafer sirfisecalisim ofiotrat diredtiont Thiek tHesiddwalsisde

wal | 52. ;4 £ i G content .n s .m xturé causes parasitic
ol yiror i Sar SrpdsEh B IBHAHED chREOMER, DRBS Phi e fon st chaisoretgigen

and car bpiwtomsisd@end thiermposedipdatbn 36T BeioSo@: ARES14 fre Tk IBRT] |
obseryved and the(ie is no attack on the undegrl yi ng Iayef. gﬁée% g‘?goadr[]i%%erﬁﬁc

remotfal  FESTPe 2B% PR rbampardment nigh aciiaisl $heedbsormint pBAMD i melebwdns agf clhisng

system b G | Yyl it i pole nagnet. ring. and. a 13. 56 -
M R %?3?3‘?‘2? o bﬁjﬁ %’C%ﬂzﬁ?%?‘f%%ﬁ?ﬁg“mg?%?% PR%“S&&?%? rratatic g een and

pr esent edecomppaiyionforeatearplygen dinckigqier ke wayrsobatt oFREeadidd™. All the mentioned
Accept abé!g)lgésg%sggéed dZSGas %]H‘ﬁ ure 02+COtnobl e gas 02+CO+Ar Process
pressur e20 - Moy 344 s° FERERREIVE GERET: spniend in e, Wasps will dead to

2.7-3. 2 188 b tiendhsiGar datoMBetaniler Qe amabidtd b 2adwiis9: Infufficient oxygen

15  content in gas mixture causes parasitic polymerization instead of etching. When the optimal

ratio between oxygen and carbon monoxide is maintained, there is no loss in dimension is
observed and there is no attack on the underlying layer. |

The organic ARC removal may be performed in a magnetically enha.nced 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
Gas mixture 0,+CO+noble gas O,+CO+Ar
25 Process pressure 20 — 60 mTorr 30-35 mTorr
RF power density 1.0 - 3.5 Watts/cm* 2.7-3.2 Watts/crm®
Carbon monoxide/Oxygen ratio 1.5-5.0 2.0-3.5
Noble Gas - Ar/(CO+0,) ratio 0.0-50 1.0-3.0

It should be further noted that the process of the present invention is residue free and
3¢ provides favorable selectivity for etching the organic.-ARC 44 over most materials

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



Nobl e Gas - Ar/(CO+02) ratio0.0-5.01.0-3.0 It should be further noted that

the process of the present invention is residue free and 30 provides
favorabl e selectivity for etching the organic. ARC. 44 ovesAn@st200mterial s
conventionally used in integrated circuit structures, such as silicon,-
dielectrics, and netals. 5 August 2004 9 The present invention could be
applied either in-situ or ex-situ procesg and could be wused in mcro

el ectro-nechani cal systens (MEMS) fabrication as well as sem conductor
rranufacturingTh i t.he invention has. heen described in conjunction wth a
specific best D éé,sgrllttm?’%nhog ctOBidg £ Eﬁlﬁ’égs"it&@dmt%@torrﬁrﬁ}manmeasmanﬂ vesld be
modi f i catbahs; ndad sestiainkensio lsbstifs ARANEN Rt QraiLd Led. 1n the art
in light of &Ge af or egoi ng description§ Acco?g?ngf9épg?‘Y§1P%f@HHQHdW%Pr
enbrace &4 D8l ternatives, nodifications, and variations which fal

Wt hin the spiyhile @B : pcluded .claims.. All matters o
hither-to-fore set f gﬁeﬁﬁ efr?aes?gnee%:a% Ssdnr%\(%v(ri] . ﬁorfjﬁré‘:%iloﬁé’&‘%éﬁ’?ﬂﬁfgb“d? BRipgsisar e

to beSi ntebprusdenitood thet inkhyslterattives, andiMatoks, Fhi iABEERSEH O a?!ﬁ 2n Y4gUSt
2004 THEﬂ#QX%@EEE@ @%PEDEI§:f1 A_net hod for manufacturing an ?égrated
circuit structure %g@p t %h © ﬁb%\?f%?&?@“%d@séﬁp@@hdéccm‘dinglybétirsa'mended to
deposi t i rmbeackayleduch althRaRAdst &1 ] € tor .substrate; 5

o s, o fetns, Al AR M PR B it aea:

depositing an organic anti-reflection ¢éoating on
deposi t i ﬁgopsrpfoﬁh@amlédqshdmses iAdl mattetsHeither-gafire sanfirty BEERCSH HywrPRE HRO;

atterni I he, or gani hot Qr,esi st to form an openin avin
e e o ng Y Aot B p Rt ih ol b ancopen Lmgmesenseon

coat ilhg; exposing the patterned organi c photoresist and the organic
anti-reflection coating to 10 radio fregency gl ow di scharge naintained in
a gas mxture; adsorbing neutral nolecules produced in the radi o frequency
gl ow di'scharge by the organic photoresist and the exposed portion of the
organic anti-reflection coating; desorbing of the neutral nol ecul es by
unidirectional particle bonmbardnment on the 15 exposed portion of the
organic anti-reflection coating and fromthe organic photoresist giving
access to oxygen while leaving the side wall unaffected;



uni di rectional deconposition of neutral nolecul es producing free oxygen
atonms on the surface of the organic photoresist and the orgaBsisggust 2004
anti-reflection coating exposed to the electron-ion bonbardnent; 20
removi ng the exposed portion of the organic anti-reflection coating; and
patterning the |layer to be etched using the organic photoresist with the

organi c td A I {ng remai ni ng under the organic photoresist as
a mskTgﬁwgﬁﬂt(ﬁgm%%ﬁﬁg facturing an integrated circuit structure as
claimed in claiml including: 25 producing the neutral in respect of

organi ¢ mat er.ifhetHba BCbaTadinind'sh b rALE St diiNGrucRie éd}gpﬁs%g-r al in respect

of organic materials nolecules in radio frequency glow di scharge. 3. The
met hod for nRevIding asenHeondicionsegtrateed circuit structure as clainmed in

claiml i nc&#}ggrrigﬁ%?g%%g%cgen ﬁtepn%d%% t%%lg‘}iggﬂldﬁgﬁlfg&g%f?ﬁa gas m xture. 30 4.

The nethod fo turing an rnteg Cl tture as clained in

claism | whedepiositing in broAuigusiti-r2084iod @saiy sothefayehe Aledi N respect of
organic materials nol ecul es uses el ectron-ion _bombardnent giving access of
active parti%qpesiipgan geeanigmhgiozesiyt opfke ¢earinpati-reflacien svadings. The net hod

for manuf act g4 i Cl I G |_ai i lai:ml 5
wher ei n: uni |ﬂ!re gg??%?}%&%égﬁn%glsﬁ (lt)rirg%'rllib(tjpfh 8%0%%?%2%? ?@faﬁrﬁ)ﬁ%ﬁg g%?ngfa a%@égani C
mat eri al s nol ecul wsll apt wdxpes: Bportot bi/he atgamicantleffedtiondotifg;r eact s Wit h

t he organic hot.oregg st. _and the or. ani ¢ anti-reflection coating and not

with the | ay@Popgefte B rganig phaforesist eRd dhe reapigAnetiestiongoghng to
i ntyggr at ed ci rcui faaptf wgo@saigdhaig@%“@mghﬂigg;smﬁwerei n: renmoving

the exposed portion of the drganic anti-reflecti6n coating uses an active
atom ¢ el enesisorbing mhdrahatdiesales grodnead fim theurading fraquenoy glypvatisdharze byithe

structure as clained.in,claim.l erein: 15 renoyj t he expose ortion
of the organic an?rggl}lgfqh@h{r?%ﬁ ?@‘Q’ﬂ]%&‘ﬂ%ﬁé’?’ﬁ?ﬂ@%% OLEAnG; g%té‘&fgleg?%%sure
of 10 to 200 nilorgoatiBz; The nethod for nmanufacturing an integrated circuit

structure as claimed in claiml o )
desorbing of the neutral molecules by unidirectional particle bombardment on the

15 exposed portion of the organic anti-reflection coating and from the organic
photoresist giving access to oxygen while leaving the side wall unaffected;
unidirectional decomposition of neutral molecules producing free oxygen atoms on
the surface of the organic photoresist and the organic anti-reflection coating
exposed to the electron-ion bombardment;
20 removing the exposed portion of the organic anti-reflection coating; and
patterning the layer to be etched using the organic photoresist with the organic anti-

reflection coating remaining under the organic photoresist as a mask.

2. The method for manufacturing an integrated circuit structure as claimed in claim 1

including:

25 producing the neutral in respect of organic materials molecules during the adsorbing

of the neutral in respect of organic materials molecules in radio frequency glow discharge.

3. The method for manufacturing an integrated circuit structure as claimed in claim 1

including:
producing the neutral molecules in a gas mixture,

30 4. The method for manufacturing an integrated circuit structure as claimed in claim 1

wherein:



wherein: renoving the exposed portion of the organic anti-reflection
coating is performed in a 20 reactivalion etching system usi BQugusiZoi 0
frequency power density in the range fromO0.1 Watts/cnR2 to 3.5 Watts/cnR.
9. The nethod for manufacturing an integrated circuit structure as clai ned

inclaiml erein;.Lenovjng. t he exppsed portiaqn of the organic )
anti-reflect egﬂrb&r%gaﬁ% rl?é‘{‘-fn[ Yy r@ggecgﬁgo Comaterpls\ FROISEGH WseE |elasAR-ioh a

ratio from 1. 511. Qurikrdmék liBng Heest BF BN BEERE HRALEAFIrd e Woanic

a
integrated circuit structure as clainmed in claim1l wherein: Vi ng

the exposed porti®#enalst he organic anti-reflection coating uses a ratio of
nobl e gas against a sumof the remaining gasses in the mxture in a range
from 0.0 tod-5he me¢thad oramusichai@anlihtegfateretiumit sharturaaridladdadrin eghimn

i nt «§gr aévgglrelci_ rcuit structure conprising: providing a sem conductor
substrate; (H‘epositi ng a layer to be patterned on the sem conductor
substrat e; de‘ﬁlosi.ti an organic_ anti-reflection coating on the layer to

g . , ,
be pat t er ned ™ ECHEPR e RRPHFPIOGARMEUH db srpestl asganimatarighinelecules
ant - ef | ecti on CgaHIYan RIS HANIY AR DHEHARLIY iliCH HARE AGLILPST S
to forman opening having a side wall and to expose a portfion‘o e
organi c anti - r ef | acttheargeniatantigeflestipo sbatingtdnd npatvithtinckdyartgdaipattghat. or esi st
and the organic anti-reflection coating to radio fregency gl ow di scharge

mai nt ai ned it Thegasthod fdrunaufabfiragsornicagtabeitdil stiphecsd asintdd ihhaigroani c
phg@or es'hst. and the exposed portion of the organic anti-reflection
coat’i ng" ¥'f& neutral nol ecul es produced in a glow discharge during the

adsor bi ng byrebfagirdr B8 NtxpoRAYHHi ioﬁg?%‘g%a%@e%gﬁ%ﬁg&?ona ai(t)i%lglru%é% SRR

coating; desorbing of the neutra rrecti ectron<ion
bonbar dnment on t omktelemgused portion of the organic anti-reflection
coating and on the organic photoresist while |eaving the side wall

unaf f ect ed; UMhdimethéd forahandéearmesint haraadd danuiirstlucied Calhiafedn QBuGI NY
free oxxgen. atons on the surface of the organic photoresist and the
organi cVant™:refl ecti on coating

15 removing the exposed portion of the organic anti-reflection coating is performed at a

process pressure of 10 to 200 mTorr.

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 is performed in a
20 reactive ion etching system using a radio frequency power density in the range

from 0.1 Watts/cm? to 3.5 Watts/cm>.

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 uses a gas and an

25 active atomic element in a ratio from 1.5/1.0 to 5.0/1.0.

10. The method for manufacturing an integrated circuit structure as claimed in claim 1

wherein:

removing the exposed portion of the organic anti-reflection coating uses a ratio of

noble gas against a sum of the remaining gasses in the mixture in a range from
30 0.0t0 5.0.



exposed to the el ectron-ion bonmbardnment; 20 renoving the exposed portion of
the organic anti-reflection coating;;jgnd patterning the |ayershguheogt ched
usi ng the organi c photoresist with the organic anti- reflection coating
remai ni ng under the organic photoresist as a mask. 12. The nethod for

manuf acturing an integrated circuit structure as clained in claim 11

i ncludi ng: 2 r i : f i de and carbon
di oxi de by dﬁb%gﬂgyggﬂgg%%ﬁ@$ﬁgﬁ§§§1§?gﬁﬁ#g§§?Rggﬁ@%ﬁﬂﬁgﬁg§I e and oxygen
13. The net hwdviflng amenu¢adnciot supstiatej nt egrated circuit structure as clai ned

in claim 11 incl.uding: producing.the neutral molegules in a gas m xture
cont ai i ng. AoRBBIEE B R LB BaPEaTE SRR SORERE: i ng of hel | um
neon, argon, depBsltiAg 60 HidiantahBFelidt®ios @batink%bon the GayeBioHethatiefedBNUf act uri ng an
integrated circuit structure as claimed in claim 11 wherein: 11b 5 August
2004 uni di r edeppeiting aprsenic@holosesish onile ergarc aati-tilpstion ednsingeut ral  nol ecul es
of carbon I de I OX] I th ani c_antirefl|ection
coating ex pcr)gs)a gtgémg%ﬁge‘%?gﬁ %teh%a%géejgg pfl)l? %gsbsﬁl%%?%%yaneﬁp t07e naV 88 Ak of
the exposed or ganisll amiioiexpedel Sgdriiomorhabrdagic Mtiliefleckion dorfifgd f or

manuf acturing an integrated circuit structure as clained in claim 11

wher ei n:  uni GPPEBE it Battemedserannie iphatopssist gad Mg prganicptigeiedionfoging s

atom ¢ oxygen whi gh: | Qr.GaRI i.st. and the organic
anti-reflection dgg?ﬁﬁgﬁ%%§¥$ﬁg?“&?§% t gdrggg?gkgﬁﬁgh%%tterned. 10 16. The
metlifod for naisofbags nevimbmalecules by tlet @rdanic phototesist andthd eepassd pbetioaed tha
claim 11 wherein: renoving.the exposed portion of the organig.
anti-reflection cUEHH Ol %B%“rt’foé‘r g’nﬂ% nﬁﬁﬁfﬂe‘f’?l&%ﬂqﬁ/ Pg}giﬁ&?iié’él % 8lo% i ve
ion etching systeqi@farg RHAEWSadRbAtSEbP R ordRic hibtcesifild the drgarki€-anfile

met hod for manufacturing anintegrated circult structure as clainmed in
claim 11 wher ei neflegdipandonaigng;he exposed portion of the organic

anti-refl ectjon,coati i er f.or i n e tically.enhanced . reactive
i on et chi ng eﬁg bél}ﬁ ?ﬁstﬁg 61e1§traﬁ mlgcﬁ%&duﬂ@rﬁctlor%p glectron-1o¥1 bomqaa.rcfment on the

15 exposed portion of the organic anti-reflection coating and on the organic

photoresist while leaving the side wall unaffected,
unidirectional decomposition of neutral molecules producing free oxygen atoms on
the surface of the organic photoresist and the organic anti-reflection coating
exposed to the electron-ion bombardment;
20 removing the exposed portion of the organic anti-reflection coating; and
patterning the layer to be etched using the organic photoresist with the organic anti-

reflection coating remaining under the organic photoresist as a mask.

12. The method for manufacturing an integrated circuit structure as claimed in claim

11 including:

25 producing the neutral molecules of carbon monoxide and carbon dioxide by glow

discharge of a gas mixture of carbon monoxide and oxygen.

13. The method for manufacturing an integrated circuit structure as claimed in claim

11 including:

producing the neutral molecules in a gas mixture containing a noble gas selected from

30 a group consisting of helium, neon, argon, and a combination thereof.

14. The method for manufacturing an integrated circuit structure as claimed in claim

11 wherein:



power density in the range from2.7 Watts/cnR to 3.2 Watts/cnR. 20 18. The
met hod for manufacturing an integratigg circuit structure as chaidmdodsn
claim 11 wherein: renoving the exposed portion of the organic
anti-reflection coating uses carbon nonoxide and active atom c oxygen in a
ratio from2.0/1.0 to 3.5/1.0. 19. The nethod for manufacturing an
integrated Ginidikclioddl 'dididhGoRDopltatdiRg th MetdB! Rt ratrdll MMRLRL b &LHEY 1 Ng

t he exposed portion of the organic anti-reflection coating uses a ratio of
nobl e gas agai nstmenoxidetandeadfonche-bdnirdingke drganiechntixgtjestionroonting &4pps@l t o
3.0/1.0. ABSTRA! ¢ REI\/%]/AL OF Nl C ANTI - REELEC%T' %%&TI NG& [N .

| NTEGRATED CI RCUIPTS "APFEYo F 5 Ot A2 8 FY Iy S AT % SHPCP ol
structure i s proundagfl@@éhRbatthg. Sem conductor substrate [10] and depositing
a layer [42] to be patterned on the sem conductor substrate [10]. An
organi ¢ ant ity ghl eedih@Nfof ARinuBRulriiglanl HicdBROP LT QRchiSad B¥Bhed thalaikP be
patterned and then an organic photoresist [46] on the anti-reflection

coat i ngl] whgrein: The photoresist [46] is patterned and devel oped to form an
opening having a side wall [52] and to expose a portion of the

ant i - r ef | ectunidirectiadl ridisspdidfion Bh¢hephattmd esileduldsdipdaced dtdmic @xyges edhigiorti on
of the anti-reflection_coatin “%44 adsor b, non-act.ive .nol ecul es. A

Uni di rect i onal  eTFBRE WML {6 PrEgib RhoRBEL aa dicoraenis ABHTTEHSROn FORIRE 39 e

mol ecul es, that gigh MEESSFtbe Hitkintg, Mol ecul es to the exposed surface of
the anti-reflection coating [44]. Bonbardnent al so causes deconposition of

nonpacti ve I : - Whi i t ons.
oty pr ocesors 10¢ STRNC AHRAREL B hIAERN ot {ellp H GRERALk lBn?
coat i ngl{ #Hgreint t hout attacking the photoresist side walls [52] and
underlying | ayers. FIGURE 2

removing the exposed portion of the organic anti-reflection coating is performed in a

magnetically enhanced reactive ion etching system at a process pressure of 30

to 35 mTorr.

15 17. The method for manufacturing an integrated circuit structure as claimed in claim

11 wherein:

removing the exposed portion of the organic anti-reflection coating is performed in a
magnetically enhanced reactive ion etching system using a radio frequency

power density in the range from 2.7 Watts/cm” to 3.2 Watts/cm?.

20 18. The method for manufacturing an integrated circuit structure as claimed in claim

11 wherein:

removing the exposed portion of the organic anti-reflection coating uses carbon

monoxide and active atomic oxygen in a ratio from 2.0/1.0 to 3.5/1.0.

19. The method for manufacturing an integrated circuit structure as claimed in claim

25 11 wherein:

removing the exposed portion of the organic anti-reflection coating uses a ratio of

noble gas against a mixture of carbon dioxide and oxygen from 1.0/1.0 to

3.0/1.0.





