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
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of special inpurities into cert egi ons of the sem conductor substrate.
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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
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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)
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phot or esi s%. . Flrst, ?nl Y. fure oxygen plasma was uUséd and it was created in
bul k quar Orrlglgla[ngpgp §RECE8 Impurities into certain regions 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,



5 August 2004 2 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 beconi ng snal | geavgart2@aal [ er. To
provi de necessary resolution in order to neet the requirenents of
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of microelectronic materials such as silicon, dielectrics, and metals. Most materials used in

microelectronics cause organic photoresist 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.



30 after photoresist devel oping. Further, due to the thickness of the
organi ¢ ARCs, there have been various problens associated with their
renmoval w thout substantially changing the profiles of thgAopenkotgs in the
phot oresi st masks. 5 August 2004 3 Oiginally, plasna discharge in pure
oxygen or oxygen diluted with a noble gas were used in "descuni processes
to renpove photoresist traces prior to vve# oxi de etch. These descum
processes could be perforned either ex-sftu, outside the etching equipnent
or in-situ, wthin the equipnment. Ex-situ descum processes have two nain
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pattern deRsintpfodssdsl en organic ARCs cane to- be us e above
pl asma pr ocessﬁeﬁs) wer e éf?rfs?reé!ed in the renoval of the organic ARCs and

t he same problebsthodssoi ghodssedNR Ny asSTREd the puld 8§§§C§IS§ for .descum The
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as 20 hexahlaetshapand - or._tefrafl uoronet hane (Freon-14), or
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gi5$char gprocessel wereNery SERbifod lPsatRin fLEaddepnd Oxygen dissociate as bel ow
15 - When organic ARCs came to be used, the above plasma processes were first used in
the removal of the organic ARCs 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



. CF4 + e -}CR3(+)* + F* + (2) e(1) 02 + e -ax+7* + 0* + (2) e(2) where the
asterisks represent excited neutral atons and radicals. 30 It is known that
excited atomc fluorine and atom c excited oxygen are veryAagsexgive
‘etchants against organic materials, and when they are produced in a vol une
of plasma.and delivered to the substrate surface, they provide high

vel ocity isotropic chem cal reaction eve w t hout 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 -> CH (T), H20
(T), CO(T), CXR2 (T) (4) These reactions provide mask profiles with the
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devel oped wi ndows of ARCs. This cr eat t he sane oti ng.
Furthernore, when the ARC was cleared fromthe underlying to film it(3)was
exposed to attack of the fluorine containing plasma. This was a maj or

probl em since silicon based materials are wdely used in sem conductor
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loss in line width control and to prevent polynerization on pattern side

is walls, pro es. W t hout . ox n utilizing heliumplasna, nitrogen
pl asma, or gl g\ﬁvé%i ré%%‘&%@?"i‘% %ﬂ% pro e)?t"ﬂflbg\ﬁé}r‘éblﬂ’é‘@@? dfddfootingser sidedsses
vere freaRC amanl yiank Z)@Etbﬂ“otam@deva??&f @uril?’dfo% dé gﬁgﬂcaﬁlﬁ %Fe%\%r&gtglund pased

pl asmas, they did not produce any shelter effect even p 8 4" nd
of taper PibEII & Bpsk fotigaotirdsimerepwhee the. ARKewac oshatdkenn B ukeflyig!

but naj r.ahl I roductivity. 20 Etch_rates obtained in
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t he chensined silicacthasri heteBna@xyFRRE Qed! inUSnhidnWctda rﬁérgﬁéﬂh% 1.2
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because these .proc S§ |
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i ons havee Aeafhéigigent energy to provide sputtering- Thus, only very small
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To overcome loss in line width control and to prevent polymerization on pattern side

15 walls, processes without oxygen utilizing helium plasma, nitrogen plasma, or glow discharge
in their mixfure 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 single 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.



25 Ot her organic ARC renoval processes used gl ow di scharge. in single gas,
such as carbon nonoxi de, carbon dioxide, |ower nitrogen oxide, nitrogen
nonoxi de, or discharge in the m xture of these gases w thAngustz0gen or

nobl e gas such as helium argon and neon. It has been observed that carbon
di oxi de gas, and especially carbon nonoxi de based gas mxtures, in
commonl y used dipole ring magnet (DRM regactive ion etching (RIE) 30
systens | ead to polynerization instead of etching where there was a buil dup
of material on HBRICRNOLAI 85118 rganic material s, which result
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| NVENTI P8sent invention provides a nmethod for manufacturing an
integrated circuit structure by providing a sem conductor substrate and
depositing a layer to be patterned on the sem conductor substrate. An

organic anti-reflection CO@I&ﬁdﬁR@?@%ﬁm&ﬁbﬁ | ayer, to be io

etched, and then an organi c photoresi on the organic

anti-reflecti i.n The_organic otoresist is patterned and

devel oped to ?][cl])? %Q%Eﬁtoglgﬁ?thojl RER)’? § %iranathfersmangfactugng epoiseematpd rdicom of
t he or gasthchaeby prefidiagbiseniceaadtdaGubdiite HMIEN.S1Rht st _anpd the
exposed por.tion of the organic anti -_refI%pt(?géyoglggggr%[c?sg?gﬂ% rap the

mol ecul eEMIFONAYAIogisHeR Rt rY} OrgRBIS sEtiaeflegioprmetisg is deposieel 61 e BSOCkALE t he

neut{al aph&CcuhgShan XP .5 10, el ectron-ion bonbardnment portions of
the organic anti %F%’f ?%gﬁagfr% @g)g F%lg s Seppsityd 19Tethe; GganiGanti-sefigction soatingani ¢

phot or esThe ongasit-fpbotoeesistitcpat@rzidngd evabELdEs HAIRY Bberdhe Bﬁkﬁngéﬂgi\%{‘ﬁs
organic antj-reflection.coating. This_ allows patterning the Tayer 10
anti-ref | ect t Thi s_al pat t t apd
et ched uSi AFOPha POGIYaR e sreirls avtisstleson, coatng; sBhararganioi hooartsisirdridi al
di mensi ogxpossd PottiG: BFetheOoRRRIOLASL £ 001 | ..20,The ahove_ an
addi tional, advant ages of the presenta?eﬁeérgtéogﬁgg\j a}q?go’i?e@(?%ﬁaﬁﬁé‘?c@%ﬁ t gt
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walls of the organic photoresist unaffected and causing complete removal of the exposed .
organic anti-reflection coating.  This allows pafterning 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



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 (PRIOR ART) is a close-up
cross-section of a portion of a sem conductor 25 wafer with a dielectric
mat eri al deposited over a sem conductor substrate; and FlGAughssitows a

cl ose-up partial cross-section of a sem conductor wafer manufactured in
accordance with the present invention 5 August 2004 | 6 BEST MODE FOR ‘'
CARRYI NG QUT THE I NVENTION FIG | (PRI OR;ART) represents a close-up

cross-section of a portion of a 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 1ljc | oxide (SiQ2). A spin
5 deposition process}?E?g Mg ﬁ@‘%ﬂ“@ﬁjﬁfggﬁ ﬁaéﬁ%ﬁﬁbgf | ection coating -
(ARC) 14 on top of the dielectric layer 12. The organic ARC 14 is of a
materi al suchFES pPolBRIARoARINOISHEATIS DroRisiue FHISyIEFioRaEr? arorkyn iy aof

exanpl e, but not by Jm. tat ' 1 [
phot or esrg%rf“cﬁ%‘?choro%%?%b&{é?‘h% é d?‘r“é"gﬁ? %@ﬁﬁ??ﬁﬁgéﬁﬁg\ébgﬁrgg}#c p%%@é%gds%ogt 16
lr)nay be agybstmmq 3?me gaﬁb@icphyﬁrﬁae_s bS‘lal,maitdsﬁhll Fﬂ;m@dhycomoﬁﬁeé&m | &, spirko

ut not by way of limitation, chemically-anplified resists,
nonchémi @apqsyuycanwpp@sseweéstps%eg?mb% Pfaav@-Wpf&ﬂr:%%q“s%%:“ﬂaié%glét % EPt Yoe
resists. : d | res | ' RYoHakM
cnor gy 18 PR R The SR A RANOE ALES Rl skl a PO UM PRRAIE
Cr 0SS- Seckgmit gflymematedail iyowadf dxaepde ivcwn dyovayroflafigation0 into a before

and after views on the |left a right 15.respectjvely, On t.h f | de,
a processing s"té‘f:m@trgﬁ8%@wgﬂraag‘°mté’psb%$§Il% ot dbe ?I‘I‘%mff?bdaﬁil% The
phot or esi - | 88 anhypedd oRfanddpiiieehing iddldiRebP BRIV @xample,
phot or esi@%a%%p%ﬁ%&\%ﬁ%%nﬁggpgggs#g topéas_ur?ac_e 21gg(l)f tﬁg@ojragazi_c ialsncp f4.
On the rilghtnosbyevayhel kmitstionh sheonigalhy-emphfed resists tmoneheaneplhEnplifidnicsisisRC

14 after a .20 conventional ARC renoval. st.e ' e NQRti 0on.: of
the or garRS RSV} ’ée§’i3£st aicgne%%lae'gpﬁorre§1|5t8‘n IEQh%"PE%E r%eg%?gﬁnﬁr&%%%hﬁ?%ﬁ? er
the renovglivak@py DeVehgani ¢ photoresist 16 his a profile 30 and the
organic ARC 14 has a footin

32. Also an etched region 36 in the .
di el ectric | ayerF1E2 WMERIARHAR Thaahaporting A¢ gf‘l"gﬁsa‘g? &&?@‘Hpé:ﬁ?fsisﬁﬁiﬂ?e‘g the
duri ng t hgo ¥Eorehé Bemiconductor wafer 10 into a before and after views on the left and right,
15  respectively.
On the left side, a processing step is shown which is after development of -the organic
photoresist 16 to form a side wall 22 of an opening 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



of the organic ARC 14 is shown. 25 A line 34 designates the |ocation of the
surface which will be etched in the dielectric Ilayer 12 using the
conventional processes previously described in the Backgroanghstops FIG 2
represents a close-up partial cross-section of a sem conductor wafer 40
manuf actured-in accordance with the present invention. A dielectric |ayer
42 has an organic ARC 44 deposited thergon. An organic photoresist 46 is
deposited ‘on the organi c ARC 44. 30 In FIG 2, a phantomline 50 divides
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the organi c ARGhé4detvedidd af D SH-LPrl orbed on the side wall 52
of the Ol’%ﬁgl c phg?%rem st 46 ggﬁﬂ&ﬁeh%xpgsgl 19 0h PEFCETIG [EP oltparine

> ThAPPASHHaPt the Bsthodsofste gresenf imaatsn slucwmas aGRr@sn 6% 1@3 &rQ&SEI ght

SI de of an see a roceSS| ng step after
appl i cat?}gﬁmg?g@%@%&% %rt%c{’f Qz?ﬁg Q2aRC 4 Qe‘*ﬁ P@nfe%ﬁvﬂm:oahealq@omli 68 156 of

t he or gamrucal lahthdHOE'ldeSdeuﬂ‘ﬁl BORc# P98 100 é?égo {l)h%) %{:eq Igﬁ% f@gﬂ%’éﬁlﬁﬁ %t;tﬁg 5
neu

renoved. he“éaih%&vga 52 is vertical
such as egquse sthersnisr aprattick gb)ateletcltmn—lm dematdmed, PReaYa8ck here

S no att@skar [ egt nh tron- n bonbar dnent has
IoccurredEtO t%eﬁe}%t%r({i?&réﬁo{b B'I% i lglage(?}‘lgéggoaﬁls?rﬁl toﬁpthglﬁ‘i’ﬁ awéacgfoftthe 10

or gali c prEeniombeiostsist@6amd cmamieﬁnfo@m)waiheqforﬁ&}?s@%’fttﬁ@& oHholdi&s éé%rz%am ¢
phot or esglfr{ 416 Sllm | arl Y | ectron-ion bonbardment has cause
r enoval e Hb FiEgPnse ok?oni MEH Jufi c@uRRCha semovaxgfotie mmrsarr 58ef thé t he

di el ect rprgadiayeRC42 des) ted, I surface. 62, .The organi.c ARC
44 has nolgf oot i gﬂw as |jr{1Ig)|@§:t§t eégfgq}fﬁ}elgﬁigéri%(irﬂéﬁ 1%3@“1{2 HiEstedats ¢ i egﬁ@%4

whi ch i sSHRoe Pl arranin dRST é hesibd fdPing TH3endivatb@®e tof pdrhen 9 %mretarg

surface cla 5‘%@& g&r a as tlﬁxc e Chl such as shown by the etched region
36 of FI‘QG'g ‘t i) hl & gs&na?é% Sygce| chfélﬁltbﬁe@fwtsnefamﬁz ace,
whi cts vméhbwisaoqtafzhﬂﬁb atmﬁgnﬁmﬂla@kwr{bgpthele%ﬁ%aﬁgggon ﬁé‘oliff‘ca r@?ﬁ@k %&éﬁ““ on,

after patter Q%nglﬁ%nd devel og]éng the organic p oresis ni c
phot or esi st Ordesicpstpodiedogation jof theofurfahe velrigamiilt bARGHAd irbihe dsdibitest ed
to a radiger42.

In the present invention, 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,
re_g_it':tions of dissociation and recombination occur:

Ox+¢e 0¥+ 0%+ ¢ Reaction 1

25 CO+¢ C+ O*+¢ Reacti(;n 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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20 frequency (RF) glow discharge generated in a m xture of oxygen (02) and
carbon nonoxide (CO). This gas m xture can be diluted by certain anmount of
nobl e gas, such as helium (He), neon (Ne), argon (Ar), ofAagsoaidoination

t hereof. Under the conditions of RF glow discharge, reactions of

di ssoci ati on and reconbi nation occur: 25 02 + e 0* + 0* + e Reaction | CO
+e C+ O +e Reaction 2 O + CO CX2 Rgaction 3 All the reactions are

bi - di recaéggal and the ratio between direct and reverse reactions depends
upon t he4é,ahé sidbetalesh) ahdehgagRsed fortibe SYJF thE SloWhie-AHO44E

i ncreasi [;% of #h}g{: CO conten?@?edul?:bes the reverse” cpggrggﬁhé o¥ {b%ga%?iagﬁ 3.
Thi s mean®2t RAECRFT OV expoget sHideses randi prevelt atomic oxpggydnn nctdsingabe

m Xt ure bsaheuE&sh] N i cont r.ol he anount of neutral
nmol ecul esl,?g sugll#%as %@ﬁgr%ﬁpﬁggﬁﬁgkﬁgﬁ?ﬁ?rg%%cMleé %?'gani c material. As

t he concent r alpwavesf uehr aholv Cdi}cha@emﬂﬁ&n&%afrﬂlﬂb @0 tibyrd@iehe %?%lééi‘:%ns and
concentr

I t,onl, ¢ oxygen, . nostly those .nol ecul es are adsorbed on top ..
surf ace gj%lk '? %ggglraaéeiir# @kﬁﬂgfl%%é?ftéctleSSd,&gﬁQf?tan%% fgllowghe tlnetrisifighl disgction2,
and the ekfiusad pont tiathibde ehuiplenOLERANHEWARC BdandBPTREd R ANt

co2
nol ecul es .ffiover exposed surfaces and prevent atom c oxygen Trom a e’s°§’l‘gng
the or gdMfEeHenally bombye thavwafsr gunfitcs ophoinor esirst dé€ctimnoThige thay G@anwell ARC
44. Howeys{ot I rge _condition articlé bonbardnent by

el ectrons anggﬁl%%?(gﬁég?%(gde%%p acea.r&{ljlzﬂi k H,féiﬁfﬂgpé,p £ {3RFukce of et grgpricand

i ons f ol plokortekist 49 et the @xposel Goetignest biom ihRREF i f
equi Fment % Iags}élawn). Becausg) of this, glog%:atnrons a?}%él?‘(’)&ﬁ@bg%ﬁﬁé‘]&? energy

uni dtt ectle HeRireParfraeniathat astivatesc gheo despritiona ofi (¥@raholdbulec tand nthe

Thus, th ' [ : |.ect - dment. On '
ot het o TReene: Corr beso B P RERTRAL LBICLERLEER AcPRe KGR TEe #Bs od

porti on 8eronrpositien cregtaionydRCiidetiigrrer expesede beort oS Weadtanay, AP el ﬁ%tL&@dand
ion bonb‘glrogggggst rtehat activat ei%Ihe gesor_pti on of CO nol ecul es and the
deconposi Tron ot S Y MERIEHIHIoH,  Exesseiva oxpgnecamtens in therpasien wilb dadrio

at oni ¢ okygen dintidiondREaOPER&IahiON BI-EAtRE10%Y BRMNidl §86shy fie, [everse
part of Reaction 3. Al the ment | oned apr?)cessesl(g%gggr?bdylﬁ%l’nflﬁémm oxygen

equi 19 br PRAENL [ &8s BN xfEreosaypsas pacasiticepulyinari tdtionghetendo Mt Hing €@tled the dssal0f

di nensi opy; p%% f.lateral .attack fo the side wall 52,

| Insu ; fs: Cli%ggﬁjg%&%&en B 2fd Yhrbod il bidt s mamta?ned, ﬁqere 1s 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



15 content in gas m xture causes parasitic polynerization instead of
etching. When the optinmal ratio between oxygen and carbon nonoxide is

mai ntai ned, there is no loss in dinmension is observed amgAbdier®oks no
attack on the underlying |ayer. The organic ARC renoval may be perforned in
a magnetically enhanced reactive ion etching system nore particularly in
a systemw th dipole magnet ring and a 13.56 Mz RF 20 generator with the
fol | owm ng operating paraneters, which are presented by way of exanple and
not by way of - rﬁ,ésgltll 0N Acceg%ia%repr eferred 25Gas m xture 02+CO+nobl e gas

02+CO+Ar Process 'pr SaTyasign o Bhnlisd cith eRBeninoTiR REXperotensid yodldbe

3.5 Wt t skt Zidro3el2ctMbinkeaital Gaihay Mm% ot 9572, 0
Nobl e Gas - Ar/hﬁ_q%0+02) rati o00. O- ?%1 0( %1 %{%?%e fr%é?m}‘ff}f“ilﬂ’t‘?rhat
t he proc&%¥ € present invention is reS|due free and 30 provides

favorabl e sel gpfiev . ani c. ARC. 44 over nost materials
conventional ly Jlseeﬁigyl}]"fe?%?rgg%;%éegg dtg?c‘r%é’gfl SYPURGOP aeth 3 Spagifigsbest moderit is

di el eét rite $¢ vaderstoet dhat. ményAalierntti RQ0HoBiTARRY, QEE Varih BB i1PBe %ﬂ#&gntb{%
appl i ed %Ot E%fulled .Syt uafrg Fﬁw;**}é trL‘Jchess and coul d be useé

el ectro- ani cal™ He"1§ gef‘ PR ﬁ%ﬁﬁﬂﬁ%om/eﬁlccqélngb/mmxsndﬂﬂmﬂw to
manuf act lem‘or@:e aW‘Eluch altBRativise fldd ction w t h a
speci fic best node, it ng 5to ggbaﬁn érs aﬂ&?% Vplﬁglh)ggﬂla Ihg’te Py and

modi f i cat$eR§sef @ﬁdndadﬁdaﬁlam v&ll malersarifher-enfort Get fdMISRersil b §fbvidid RE art
in light, Accordingly, it is.intended to.

enbr ace aa{ Iﬁsﬂaﬁ ﬁlﬂg(a% er n g %P’fei%i‘,fdﬁaBﬁ ustiatige @%&%lmﬁmmnmﬁ fall

Wit hilé the spirit and scope of the included claims. All matters

hither-to-fore set forth herein or shown in the acconpanying drawi ngs are
to be |nterpreted inan illustrative and non-limting sense.



10 10 5 August 2004 THE I NVENTION CLAIMED I'S: 1. A nethod for manufacturing

an integrated circuit structure conpriising: providing a semnm Goagidcioos
substrate; depositing a |layer to be patterned on the sem conductor
substrate; 5 depositing an organic anti-reflection coating on the layer to
be patterned; depositing an organic photoresist on the organic

anti-re i -nd; rni ng and devel opi ng the organi ¢ phot oresi st
to forni§§q§%@ﬂ$ﬁgﬁigﬁgﬂgﬁgsgfde wal | and to expose a portion of the
organic anti-reflection coating; exposing the patterned organic photoresi st
and the or ganiAnmatHod-f6ehkfFhdt@ine AdtntdddatbPeirckr Sdeiug: Edlstancy 9l ow

di scharge maintained in a gas m xture; adsorbing neutral” nolecul es produced
in the radi oPPVidipgsheomietnsicior sdistirtlge by the organic photoresist and the

exposed port} . h gBa}ni nti-reflection . coating; desorbing of the
neutral nol eJ(I:e Selg}g%%l%r??{l re%at%ﬁe%ﬁalon&geﬁ% IF%%H tﬁﬁﬁ‘%&#@% on the 15 exposed
por ti on of tdupositiggan organiciantietfletioh@batpad: the laRetd beapattehRdor gani ¢

phot oresi st giving access, to oxygen while | eaving the side wall unaffected;
uni di r ect i on#iPOHEES AP BEEARICIROKIETHE op the organie antiselqstion ceating: free oxygen
atons on t : : _ . .

a1 oref| eot FARHEAg B Bbvel i@ URAER IREREERIL (8 o) DpehERRle o ce
renovi ng the expowalilapbiotexposead pdrtien of tha ok ganandniti-re@édtRmtdoating oat i ng; and
patterning the l.ayer to be etched using.the organic phatoresjst wth the

or gani ¢ ant | PSP dhg PR TEAYC PERIFTHIT Gt Akfe PrEpRis BHIFSHPCIOBHOREASE st as

a npsk. 2. The nmeihRdyd ﬁg@gw(ﬁgghwg’e%ﬁgﬂegﬁl@gggg Lrcuit structure as
i Ng: e

clainmed in claiml inclu g: 25 producing t eutral in respect of
or gani ¢ mat esdsatbingrntusial wdeclesi mgduche imdsoradinfrequehcy g wdisthae bp thespect

f [ terial s .nol | ' dio f I di sch .3, Th
met hod for manuf aCEURT i 8 Hethosee doHih P PEERS erbTspatioh

claiml includi ngatipg,oduci ng the neutral nolecules in a gas mxture.

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:



clainmed in claiml wherein: 11 5 August 2004 desorbing of themautzed in
respect of organic materials nol ecul es uses el ectron-ion bonbardnent
gi ving access of active particles to the surface of the organic materials.

5. The nethod for mapufacturing an integrated circuit structure as ¢l ained
U ol st the Tttt Beieh ok SRl e re mele St siecaPrgh

respect of organiKoniBk@hér! gvifiRl 26445 @F acBIO BHERRs 30 (RS SintfeArHRE Grelnfent
whi ch reacts with the organic photoresist and the organic anti-reflection
coating and not \gtrialBe | ayer to be patterned. 6. The method for

manuf acturing an integrated circuit structure as clained in claiml 10
wher ei n: r enbvihegnethed Erposwfhcpoing anintpratdtbciondtastivctuanid elp@fddaatelzom 1
coatd ng es. an active atomc elenment. 7. The nmethod for manufacturing an
i ntggra‘fvti;l “rcuit structure as claimed in claim| wherein: 15 renovi ng

t he exposed ‘-Pfg tian Egf the organic anti-reflection coating is perforned at
a process predigsHiang)desempesitianotiie neutral n Terpestefifsepniomatesialsimelecitleng an
integrated cirecui ﬁro§ﬁ6e§%%cﬁv@§toﬁli@'e%ﬁ?: { Qnfdnaleqid wim%r%ini(g gﬁr&&l Qg the
exposed portion of the organic anti-reflection coating Is per Pmed Th a
20 reactive ion ewclthegresyistaptireféatign @oatang amdoeeyithtieylapavie be getbghéd/ i n t he
range from 0.1 Watts/cnR to 3.5 Watts/cnR. 9. The nethod for manufacturing
an int egr at efl Thermethéd Sirmueinfirceurg @l integRted dravlitaitmictire ME@hiAaA: in [cRERVI N
thel expoged. portion of the organic anti-reflection coating uses a gas and
an 1025 WP¢FPe atomic elenment in a ratio from1.511.0 to 5.011.0. 10. The
met hod for el At el 8o hdti60oRE oflahfcUinki-RHEMRRERRT REALTEL:
claiml1l wherein: 30

atomic element.

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

wherein:

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.



removi ng the exposed portion of the organic anti-reflection coating uses a
ratio of noble gas against a sum ofjjhihe remaining gasses in §Rg.b¥jsure in
a range from 0.0 to 5.0. Ha 5 August 2004 11. A nethod for manufacturing
an integrated circuit structure conprising: providing a sem conductor
substrate; depositing a |ayer to be patterned on the seni conductor

substrat e, dﬂ‘?ﬁ%h&b&‘%r‘iﬁbﬁ?&ﬂ!} ﬁﬂhﬁe‘gfaﬁéd &ﬁhitg&u&%tdoﬁ'g)rﬁﬂl the layer to
be patterned; 5 depositing an organi c photoresist on t or dgani c

ant i - r ef | ectprovidoga senggondattbesutisiigteand devel opi ng t he organi ¢ phot oresi st
to forman openi.ng having.a side wall and to expose a portion of the
organi ¢ ant if?g?lﬁg%f?@ﬁr c}gﬁaaﬁtér’neg)%&q WG“??@“B%F?‘%SHE@ organi ¢ phot or esi st
and the or gaf¥p6sii hn b@hhRGhtiFB1&dh cbtirdeCon tha®yer {0 RARREMed oW di schar ge
mai ntained in a gas mxture; 10 adsorbing neutral nolecul es by the organic
photor esi st depasitingaeigesiePhptoresis an dfe erpanic snirzgflestiomedatings | ect i on
coating, the . a l. es..or oduc i -glo dischar.ge.during.the
adsor bi ng byp at@t%gﬁ%% éléd;?‘!é‘%%‘ﬁ%f Fhé%s?rg#mg%(l}o{&ﬁeel%rt %\gﬁllmc AR ?mg g Hel%ta?%éle
coating; desor bi ngalbind foexpedstd surtioPbEGY basnkyantindfle@ihl cof@hg; el ect ron-ion
bombar dnent on the 15 exposed portion of the organic anti-reflection
coating and GRotiAg thy paliered orgamie phatosgsishang dhe engenisgofitrellestiva apating to

unaf f ect ed; uni di td %qim i L cul es produci ng
free oxygen atomslrag% ﬂétzl‘rl%géys%‘ra ace%g%tnﬁgn%{nggﬁy%‘%%%t org’si st and the

or déini ¢ ant i adsedfbirecidutml moktuleg by éhepmgadc photbtesise et the @rposed pbrivharfdivent ;
20 renovi ng the exposed portion of the qrganic anti-reflection. coatjng; and
patterning the |a‘gr§?mf dge ?‘E’r?é‘dc‘li’é‘i“ﬁvg%'tehéelﬂ%dﬁ?léc‘ﬁ%ﬁ’mdé‘ﬁ? i\ 1% he

organic anti - refdi@&faf;]gérﬁlﬁiﬁéttﬁ@aﬂisﬁﬁ!ﬁ?éwﬂﬁdﬂ;,ﬂﬂﬁépﬁ&&eﬁﬁ%ﬂitﬁe &*g%i@raﬁﬁi st as
a mask. 12. The nethod for manufacturing an Tntegrated circuit “structure as
clai med in cl ai mreflgctiomgoatdiigig: 25 produci ng the neutral nol ecul es of

car bon monodensr e G5 B8R st Wl e RSP P RER Rt ot o

Cirguit structureexpssed portied éfMttel Gighhic 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:



11 including: producing the neutral nolecules in a gas m xture containing a
nobl e gas selected from 30 a group igensisting of helium neopauRE@eR, and
a conbination thereof. 14. The method for manufacturing an integrated
circuit structure as clained in claim 11 wherein: 11b 5 August 2004

uni directional electron-ion bonbarding to desorb the neutral nolecul es of

carbon  nONGidiRcAfth CARRN-i6h BehtRrdif® R (daor8! B8 Mcatr@iNhoidchiel &7t é#hon
coating exposed and to provide access of atom c oxygen to the surface of

t he exposed or gamenoxidetandreefbiopctio:nde fromtthe grgabicldti-reflectipntdoatdng exposed

manuf acturi ng an iateﬁrat d ci I‘CLF% structurﬁoﬁg clfai rretd in claim 11
wher ei n: uni di r e SR EFOVHGSAEETS A BANISFORVRE FotiF SHFaop g CEROSSE OHRANS
atom c oxygen whigf-reflediohsoiidgh the organi c photoresist and the organic
anti-reflection coating and not with the |layer to be patterned. 10 16. The

met Rod for menghacldidd i FhnuPicRATBLBOinflofdst Sirdtht YRIHRE a@lafhdd HBJaild
claim 11 wherein: renoving the exposed portion of the organic

anti -refl whergion coating is performed in a nagnetically enhanced reactive
ion etching systemat a process pressure of 30 to 35 mlorr. 15 17. The
met hod for naidifegtoned i diggoeintiombé gicah@drat imadedulessprododes ratorar @dygemsdhi¢n

claim 11 wherein: renqgving the exposed portion of, the otrganic .
anti-reflection ©BYE MG the Paanic Phgresist arﬁ ﬁlﬁgwgﬁl?le&mlgre@?gﬁtﬂgﬁ&eaﬂl?geemi ve

ion etching systginyig g 1 ef &bpdieagdency pover density in the range from
2.7 Watts/cn2 to 3.2 Watts/cnR. 20 18. The nethod for manufacturing an

| ntggrated cjg %E?-n%?fhé&’fok WP g iﬁ‘g@fégpaté?d it %u]uci‘kﬂg b§ Eﬁimécﬁiglﬁéﬁjﬁg the

exposed portion o e organic antr-r ction coating uses car

nonoxi det whetemct i ve atomi c oxygen in a ratio from2.0/1.0 to 3.5/1.0. 19.
The nethod for manufacturing an integrated circuit structure as clainmed in
claim 25 llremdo@ingithe 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.



removi ng the exposed portion of the organic anti-reflection coating uses a
ratio of noble gas against a m xture of carbon di oxi de and oxygen from
1.0/1.0 to 3.0/1.0. ABSTRACT REMOVAL OF ORGANI C ANTI - REEEECII0AN

COATI NGS I N | NTEGRATED ClI RCU TS A net hod for manufacturing an integrated
circuit structure is provided having d2 sem conductor substrate [10] and
depositing a layer [42] to be patterned on the sem conductor substrate
[10]. An organic anti-reflection coatin 44] is deposited on the |ayer
[42] to be patterned and then an or géﬁﬁg&{‘ﬁﬂ)t oresist [46] on the

devel oped Lo 1 or man opent o I A CAREAERAanNCRYy W8S BB’

devel oped to form an openi ng havi ng

portion of tha ﬂ;ﬂﬂﬂodrﬁﬂrﬁﬁdf%&%a i 44]1. The otoresi st [46] and the
exposed geor.ti on of the anti-refl ectg%lg%te%%ié%dl ﬁléatlﬁg SO PIRYHed having a

nol ecul e¥MIFOndyGioR; fubstraton bl 0leked t depositiag  hotdyar dmpttoc%‘ésg%é}ﬁécﬁr(ﬂ{ @0 of
i | to the exposed

non- act i ¥&h; i,ves access c- active nol ecule
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[52] andandngeslpisdd pad&s of thd FGfection coating [44). The photoresist [46] and the

exposed portion of the anti-reflection coating [44] adsorb nom-active molecules. A

unidirectional electron-ion bombardment causes desorption of non-active molecules, that

10 gives access of active molecules to the exposed surface of the anti-reflection E:oating [44].

Bombardment also causes decomposition of non-active molecules on the exposed surfaces

which produces active atoms. Both processes provide unidirectional removal of the anti-

reflection coating [44] without attacking the photoresist side walls {52} and underlying layers.

FIGURE 2



