WO 02/ 10858 PCT/ EP01/08391 1 Description Process for Manufacturing a

M croel ectronic Device 5 Technical Field The present invention relates to
a proce_sswf(mz/lngégl ng an i mage on a substrate and a conmpoSidrnhe¥o1

devel opi ng such an image. BackgroundiArt The densification of integrated
circuits in sem conductor technology 1o has been acconpanied by a need to
manuf acture very fine interconnections within these integrated circuits.
Utra-fine patterns are typically cBDesgeplidly forning patterns in a

phot oresi st coating using photolithographic techniques. CGenerally, in
these processes, a thin coating of a filmof a photoresist conposition is
first applied to a subsbraieiclMarliastuahg aMietosisctrdrlic Deviosaf ers used for
maki ng integrated circuits. The coated substrate is then baked to
evaporate any solvent in the photoresist conposition and to fix the
coating onto e s.ubﬁr_.ir e. The baked coated surface of the substrate is
next subjeéted® mqf; i ;j-w se exposure to radiation. This radiation
exposure causes a qRgRredenilindeIRioA aRiteéDd 4 Protidstlier waRipgeah ian oof the
coated surface. Visi bIrBe i gH'? uilcf)?rrg]\??o?eta w) i gh_t? el ect rﬁ%beam and
X-ray radi ant acsubstpteadied ADOIMRASHiIPN fpp develppitgEHcy aisiBidday in

m cr ol |thograEEig Iproc!ga’ﬁes. After this imge- w se exposure, the coated

substrate is a devel oper solution to dissolve and renove

ei ther the radi ati qhoedddRFRALOH of Regrataosadtsdn samic@iduntort thehpblogyr esi st .
Mniaturization of integrated circuits requires the printing of ar roner
and narrover tiaserkgemsagsemnpaniee Bhokorkeadst to V&Wg{f@d“feec?'fﬁﬁ/l ogri‘%s have

been devel oped to shrink the r esi ' [@QNS d h
t echnol ogi es é{?tgfcoﬁﬂﬁf:ﬁ%%gﬁh@ﬂﬁe%ﬁg@éégﬁﬁd@?@ en%f [ ygr%gﬁg?aaﬁtﬁrlgi 1a$é'C
phase-shi ft magksallypleesaieasbyt Porming ipatieens@nsat phetosesisheoating @siogshor t er

wavel engt hs, etc.
photolithographic techniques. Generally, in these processes, a thin

coating of a film of a photoresist composition is first applied to a substrate
15 material, such as silicon wafers used for making integrated circuits. The
coated substrate is then baked to evaporate any solvent in the photoresist
composition and to fix the coating onto the substrate. The baked coated
surface of the substrate is next subjected to an image-wise exposure to
radiation. This radiation exposure causes a chemical transformation in
20 the exposed areas of the coated surface. Visible light, ultraviolet (UV)
light, electron beam and X-ray radiant energy are radiation types
commonly used today in microlithographic processes. After this image-
wise exposure, the coated substrate is treated with a developer solution to
dissolve and remove either the radiation-exposed or the unexposed areas
25  of the photoresist.

Miniaturization of integrated circuits requires the printing of
narrower and narrower dimensions within the photoresist.  Various
technologies have been developed to shrink the photoresist dimensions,
examples of such technologies are, multilevel coatings, antireflective

30  coatings, phase-shift masks, phbtoresists which are sensitive at shorter

and shorter wavelengths, etc.



WO 02/ 10858 PCT/ EP01/08391 2 One inportant process for printing smaller
dinensions relies on the technique of formng a thin |layer on top of the

i mage of whe2/pisst oresi st, which wi dens the photoresist |papePtws3vieduces

t he di nension of the space between allj acent photoresist patterns. This
narrowed space can 5 be used to etch and define the substrate or be used to
deposit materials, such as netals. This bilevel technique allows nuch
smal l er dinensions to be defined as part of the manufacturing process for
m croel ectronic devices, without the necessity of refornulating new

photoresi st chemghr ii.ﬁﬁongﬁﬁpdibggsé Pdf?‘drirmhg%*ﬂrﬁéné'ﬁ JiRbASIbAS réRY AetD

I norganic | ayer 10 such as a ectriic material, or it may be organic such
as a crossl i nkealhigue pafl fprmainigea rthinelayelt on Dopladheiimaghr ofinthenphapresiss, ar e
described in US 5,863,707, and caonprise silicqn oxide,.silicon nitride,
silicon oxyniW'F'Pﬂe‘{‘”@b‘ﬁntl‘@npﬁ‘atloé?sf'glp’%qge @iﬁ?gﬁqe%%r‘jmgﬂﬁ'gpt %ﬂ%hﬁat erial.
Organi ¢ pol Y& K5ORS SR ik, UShis Rafo®él, spMeer garpuch
coati ngs undregreﬁgdg%agcrosegl ?ﬂé?ﬁlgl&}dgaﬁél oﬁﬁ?tr? t he presenge of "an aci d,

t her eby adherbegsed to leéchphnd adefise dhe ssbstratecor hritsed do deposi matRBals, t he t op

hrink coating h been. ¢l i nked. 5 858 620 di t hod
of | mnuf act urdls 85 Metalse diin ISR iR sl PR ot Hip@ias ™ "
patterned phojor&singd %? thCth itfie CRRNAFCHMNTY Précasd ayemicidefedifiior esi st

is then exposed to i and heated so that the &got ogenerated acid in the
phot or esi st didvicesgs withaubughet Hecespity aper refasmul@iing hdiew r PHOLraRist he t op

| ayer. The extent. o ich the acid diff ‘ 0

det erm nes ftkfét‘ecrﬂ'ﬁﬁl?ﬁe\é\@b%g()ppﬂ)éerc roglg'Jl"{l%ﬁ]}ggﬁlé{%gy%héng@@?g% 6¥°t he top
| ayer thaf, i ssUptasbefislkiicafaterialoriemRyast brjamic susobytd omstividabian
di ssolve the polyner. US 5, 858,620 discloses the top coat renoval sol ution

as being wat gpolymnesin ra@f@dadlis sol ution of tetramethyl anmmoni um hydroxide. It
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« comprise silicon oxide, silicon nitride, silicon oxynitride, spin on material or

chemical vapor deposited material. Organic polymeric coatings are

15 described in US 5,858,620, where such coatings undergo a crosslinking

reaction in the presence of an acid, thereby adhering to the photoresist

surface, but are removed where the top shrink coating has not been

crosslinked. US 5,858,620 discloses a method of manufacturing a

semiconductor device, where the substrate has a patterned photoresist

20 which is coated with a top layer, the photoresist is then exposed to light

and heated so that the photogenerated acid in the photoresist diffuses

through the top layer and can then crosslink the top layer. The extent to

which the acid diffuses through the top coat determines the thickness of

the crosslinked layer. The portion of the top layer that is not crosslinked is

25 removed using a solution that can dissolve the polymer. US 5,858,620

discloses the top coat removal solution as being water or an aqueous

solution of tetramethylammonium hydroxide.
It is critical to the performance of a microelectronic device which
has been manufactured using a top shrink material that the open spaces

30 in the photoresist layer be extremely clean after the removal of the



30 in the photoresist |ayer be extrenely clean after the renoval of the WO
02/ 10858 PCT/EP01/08391 3 uncrosslinked material. Any residues |left on the
device camobrasdss o defects and reduction in device yiel dPCTEP@QUISEIIWAL er | S
used as a renoval solution, it is fouhd that there is a strong tendency to
form scum and photoresist residues in the spaces 5 between the photoresist
resi st features. Another approach has been to use m xtures of water and
organi ¢ water-mi scible solvents, e.g., isopropanol. In the present
invention, it has been surprisingly found that aqueous sol utions of

surfactants, Bﬁéﬁosglﬁh%r' Ynatéﬁélonu&‘n YediaGeaNe® orfltBe dBViGe SRIretddd/qoi n the

renoval of thelnso l'e part e top layer, with the io result that the
open spaces adefeetmam@redlmwdnﬁrmdehleerymi@ cl eaner than |s possible with

t i Xt f_wat d tet t hyl h
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faster sw tChbﬂSn?H@ﬁ@eﬁ S 167h 1 Seeth ‘Mnfdhph&%réﬂlﬁr ARy ﬂ’ﬂltl@e deese. 15

The present invention relates to a process of coating a shrink material on
top of an § mabetvgemothe photresisietasistifealuyesr dyxitherkaproachdias baende this

| d t h |inked port f th |
Sof ut | on. 1 helSby TTEHERS nfl t RBSpaE0 HOAREn WAl PHeraRL i e gr s, -
further, wher gohRéharell.Ullh 9Re fp%sérﬂWéHnoﬁf it bee eafdrisiiyl f@éhds tatnk

mat erial conprises an aqueous solution of a surfactant, particularly an
ani oni ¢ surf aagaeeus |aolutmsbebrsumfa@mée:t partiguesiyn@nionie suréaciarisofarehi s

novel renoval sol ut | ea d r |

resol uti on anf'9 ﬁﬁ? Heé'? g}fn}en#évg Ogﬁ]eet |H§&®B§C£arg§ {[/\H/eéetrr?bqﬁ%elji"w‘n%ngtﬁe
phot oresi $§ peddufrthat B Sp s a?@%rﬁaﬂl’éﬁFéncbmn'ﬁmmrésﬁéanemmm|son
relates to a process for manufacturing a m croel ect roni ¢ _devi ¢

conpri si ng pr possibleg withs haler 2re m@(turﬁe% @ dtadele Ansk tetramethylammomum
hydroxide or water-miscible solvents. The narrower spaces allow denser

circuitry with faster switching speed to be defined with the microelectronic
device.

15 The present invention relates to a process of coating a shrink
material on top of an imaged photoresist, selectively crosslinking a portion
of this layer, and removing the uncrosslinked portion of the layer with a
removal solution, thereby reducing the space between the photoresist
features, further, where the solution for removal of the uncrosslinked

20 shrink material comprises an aqueous solution of a surfactant, particularly
an anionic surfactant. It has been unexpectedly found that the use of this
novel removal solution leads to improved pattern definition, higher
resolution and improved cleanliness of the space between the imaged
photoresist pattern.

25
Summary of the Invention

The present invention relates to a process for manufacturing a
microelectronic device, comprising providing a substrate with a photoresist
image, coating the photoresist image with a shrink material, insolubilizing

30 a portion of the shrink material in contact with the photoresist image,

removing a portion of the shrink material which is not insolubilized with a



| mage, coating the photoresist image with a shrink material, insolubilizing
30 a portion of the shrink material in contact with the photoresist imge,
renovi ng veo porasson of the shrink material which is not inBol/ERIliszEd With a
WO 02/ 10858 PCT/ EP01/ 08391 4 renoval4solution, further where the renoval
solution conprises an aqueous solution of a surfactant. Preferably the
surfactant is a nonionic surfactant, and nore preferably an anionic
surfactant, and even nore preferably an anionic surfactant with an

ali phatic chain having greater than 5 7 carbon atons. Description of the

I nvention Them@xRNsoluRBRNTLARCrF BhiEIRS the RnGREESSIution BBMPIass uahng a

m croel ectroni c device, conprising formng a |ayer of shrink material on

to top of an aguemt pblotion fiassurfactasis| Prierablathp suifaetapt is adaheniak

materi al near the photoresist interfac nd re ' h I rtion
with the renﬁﬁ?ﬁggblaﬁﬂf@ﬁ?remmﬁjﬁr# e%peﬁ’B\gPH:gg@ﬁ%@gpéng@%%@gs@s&gn
aqueous  sol Ugie@@ra@fy 8n BHIdMRS s@dctam witie A Bliphatinedintavirgygleatdrahin  and
nore preferably an anionic surfactant, and even nore preferably an anionic
15 surfactant 7wathoraatoars.phati ¢ chain having greater than 7 carbon atons.
An imaged pattern of photoresist is formed on a substrate according to
processes well-known to those skilled in the art. Photoresists can be any

of the types pagérintibrd HahsdmaRipuct or i ndustry. There are two types of
phot or esi st conposi tions, negative- 20 working and positive-working. Wen

negat i ve-wor ki ng phbeopresest IRvemben| telaas tar 8 Rwsesedor rageufackiingoa

radi ation, the.ar 1 I eS] . |40 ; tnlgg[?- hat 1 on
becone | ess sm'%?%%@f‘& §§‘0§§’o%§'§“p“§'§gﬂt8ﬁﬁwg(@.'g@gaﬁggé@f| In Flﬁgb?‘eact i on
occurs) whg | etdpherf amemagee phaterasist, drossiekinlgod poetiorsof theashnind rerevial
relatively soluble to such a solution. 25 Thuys, trea nt of an.tﬁ osed

negat i ve- wor kNe@ HespBetofRsist atertars) @ﬂérrenwmgh‘% & pSft'oﬂqu' dh€exposed
areas of the %@@@@%&&a&?%ﬁ%&aw remBGinG" ALAIGH RBnptid’Iah | aduddmeae in

t he coati ng, uncoverin
solution of a surfactant, preferably a nonionic surfactant, and more

preferably an anionic surfactant, and even more preferably an anionic
15 surfactant with an aliphatic chain having greater than 7 carbon atoms.
An imaged pattern of photoresist is formed on a substrate
according to processes well-known to those skilled in the art.
Photoresists can be any of the types used in the semiconductor
industry. There are two types of photoresist compositions, negative-
20 working and positive-working. = When negative-working photoresist
compositions are exposed image-wise to radiation, the areas of the resist
composition exposed to the radiation become less soluble to a developer
solution (e.g. a cross-linking reaction occurs) while the unexposed areas
of the photoresist coating remain relatively soluble to such a solution.
25  Thus, treatment of an exposed negative-working resist with a developer
causes removal of the non-exposed areas of the photoresist coating and
the creation of a negative image in the coating, thereby uncovering a
desired portion of the underlying substrate surface on which the
photoresist composiﬁon was deposited.
30 On the other hand, when positive-working photoresist compdsitions

are exposed image-wise to radiation, those areas of the photoresist



desired portion of the underlying substrate surface on which the

phot oresi st conposition was deposited. 30 On the other hand, when

posi ti ve-wonoki0sgs phot or esi st conpositions are exposed i "ROPERISIB3LIO

radi ati on, those areas of the photoresist WO 02/10858 PCT/EP01/08391 5
conposition exposed to the radi ati on becone nore soluble to the devel oper
solution (e.g. a rearrangenent reaction occurs) while those areas not
exposed renmain relatively insoluble to the devel oper solution. Thus,
treatment of an exposed positive-working photoresist with the 5 devel oper

causes renmovatoRposifiBnesRE6SSH abedse Ohdidienc datbime aneret olutts et ithe of a
positive inmage in the photoresist coating. Again, a desired portion of the

under | yi ng sudévrlepers sohdione(eed. apartangs kieagliph RGUED; ¥hile ohesgi ti ons

are currently_favored ver, negati ' ' he
former gener a@qesgshlagte.exyﬁ%se[ge{éﬁ%hr Péei%%w !Sﬁ g!:@gé;ttt)(? I tﬁ??de%}ezor{% d ;%@gorr{ﬁ
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on the order cron fare necessar y- addition, i

al most  al wayspggishraithe untibaying lkerfdey & omsepdht or esi st wal | profiles be
near vertical relative to'the substrate. Such denmarcations
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degree of image edge acuity after exposure and development. In many
manufacturing applications today, resist resolution on the order of less
15 than one micron are necessary. In addition, it is almost always desirable
that the developed photoresist wall profiles be near vertical relative to the
substrate. Such demarcations between developed and undeveloped
areas of the resist coating translate into accurate pattern transfer of the
mask image onto the substrate. This becomes even more critical as the
20 push toward miniaturization reduces the critical dimensions on the
devices.

Generally, a photoresist comprises a polymer and a photosensitive
compound. Examples of photoresist systems, without limitation, are
novolak/diazonaphthoquinone, polyhydroxystyrene/onium salts, capped

25 polyhydroxystyrene/onium salts, cycloaliphatic polymers/onium salts, etc.
These photoresists are well-known for use at wavelengths ranging from
436nm to 193nm. Any type of photoresist that is capable of forming an
image may be used. A photoresist is coated on-a substrate, and the
photoresist coating is baked to remove substantially all of the coating

30 solvent. The coating is then exposed with the appropriate wavelength of

light, and developed with a suitable developer.



These photoresists are well-known for use at wavel engths ranging from
436nmto 193nm Any type of photoresist that is capable of form ng an

i mage maywoe2/usesl. A photoresist is coated on - a substrareT/Ernidssdie

phot oresi st coating is baked to renove substantially all of the coating 30
solvent. The coating is then exposed with the appropriate wavel ength of

i ght, and devel oped with a suitable devel oper. WO 02/ 10858 PCT/ EP0O1/ 08391
6 Once a photoresist pattern is defined on the substrate, a shrink

mat erial conprising a pol ynmer capable of becomng insoluble in the

vicinity of a deveDapech photstesisi phtteat isetafined ®n tHey sabsisate] Bkemgnk n t he
presence of an acid, and a solvent, where the solvent dissolves the 5

pol yner but noataried ¢omPLsiegi &tpolymet gapallieoilr besrMIngy disoikle vint & ne

hot or esi st pat.tern | : Li-ab t ; a; | nk
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5,858, 620, angregbAcd Afydh nadidaential, selventxthiereofhepsbivenhyissobtesl teand

met hoxy-met hyl ol -urea, a m xture of polyvinylacetal and nethoxy,i
net hyl ol - rfel appl@er DUt Retuthe Bhoteseisixys rﬁQ@M Qvergha ngyRstiaiRy With the
pol yal | yl - am ner e - agf d i INKhag my be
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to induce crogstdriEfitng dam thoeslitk inntkermesenad oban acid desdiselbsed e US
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shrink materia en”’cross ere t tenmperaturé of the
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used to generatid tchénduied.crogsliakingcin \the esiptdumeategal exi rigdiesii@ﬂ, ttihe

photoresist may be exposed to generate additional amounts of acid.

15 Alternatively, the photoresist surface may be treated with an acid solution

before the shrink material is coated over the photoresist image. The

shrink material is then crosslinked, where the time and temperature of the

heating step (diffusion bake) is controlled to give a desired thickness for

the crosslinker shrink film. Heating temperatures of the diffusion bake can

20 range from about 100°C to about 160°C, preferably 110°C to about 130°C.

The thickness of the shrink material that is crosslinked is dependent on the

diffusion length of the acid. Flood exposure of the photoresist may be

used to generate the acid. If selective exposure is desired then the

photoresist may be exposed through a mask, which allows only specific

25  areas to have the crosslinked shrink material, for example, the sides of the

photoresist. The exposure dose determines the concentAration of acid

generated in the photoresist, and thus is an additional controlling factor in

determining the final thickness of thecrosslinked shrink fim: As the

thickness of the crosslinked shrink film increases, the space between the

30 photoresist features becomes smaller, which allows smaller circuit

geometries to be defined on the substrate.



phot oresi st may be exposed through a mask, which allows only specific 25
areas to have the crosslinked shrink nmaterial, for exanple, the sides of
the photvooer1®s8 The exposure dose determ nes the concenP€wEPOIMSd1 aci d
generated in the photoresist, and thug is an additional controlling factor
in determning the final thickness of the crosslinked shrink film As the
t hi ckness of the crosslinked shrink filmincreases, the space between the
30 photoresist features becones smaller, which allows smaller circuit
geonetries to be defined on the substrate. WO 02/10858 PCT/EP01/08391 7

The residual portiPRe eésititgl Fdriibmlof ed enfigt nidhaialithanist nstraresdlinkkeads i s
renoved using a novel renoval solution. The novel renpval sol ution
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(PGVE). Water e noni oni ¢ surfactants and ani oni ¢ surfactant

found to pr OVlod@rg@Maitlctdﬂo@ﬁ@ismLmhr as LdthanoIEmarqdpwpaﬁol nmulmfuhctional
surfactants are ethyl ene oxi de/grop | ene oxi de t er m nat ed.
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super i or 11 t hagr aRhiPRRIAEL MRS rg@@l@rﬁ% BYle_GfycalopbiRtfaBikerar e, 15

salts of |onger-c¢ anoi ¢ aci es, steardtes
hept anoat s, (REME) of\NaieksdoILdrrle aoniokid smtdo%arntsarmicardemcwn:lacmts were

am des. or HOU r'tt@aprqw IS oashlteRERshia doF s elaBmIoat Pl aSi Ehe
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act ual conposalkioyl, thorchdkylr @roaraimatic! gtoups. i Anidpice addactanis Blast gayesuch
as, the shri n§u;¥§r¥o§ Ilthograpnlc performance, and examples of such surfactants are,

15 salts of longer-chain alkanoic acids, such as laurates, stearates, or
heptanoates, salts of alkyl or aralkyl sulfonic acids, such as laurylsulfonic
acid, or variously substituted salts of sulfonic acid amides, or the partially
or completely fluorinated derivatives of the above classes of compounds.
Ammonium, tetramethyl ammonium, tetraethyl ammonium, or other alkyl

20 ammonium ions are useful counterions. The actual composition of the
removal solution is dependent on factors such as, the shrink material, the
desired lithographic performance, compatibility of materials, production
specifications, etc. It was found that for a particular product, AZ®R200
Coating, the best results were obtained with a removal solution comprising

25 salts with long alkyl chains, particularly those with alkyl chain length
greater than 7 carbons. Aliphatic hydrocarbon chains with greater than 7
carbons were particularly useful, since these give better wall profiles,
clean development and narrower-space dimensions. ----

The removal solution is applied on the surface of the substrate in a

30 manner known in the art. Puddle development, immersion development,

spray development or any mixtures of these techniques may be used to



desired |ithographic performance, conpatibility of materials, production
specifications, etc. It was found that for a particular product, AZ(r)R200
Coati ng, weximsst results were obtained with a renoval soPQT/ER/BENPri Sing
25 salts with long al kyl chains, part8cularly those with alkyl chain |length
greater than 7 carbons. Aliphatic hydrocarbon chains with greater than 7
carbons were particularly useful, since these give better wall profiles,

cl ean devel opnent and narrower space dinensions. The renoval solution is
applied on the surface of the substrate in a 30 nmanner known in the art.
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m xtures of these techniques may be used to WO 02/ 10858 PCT/ EPO1/08391 8
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m croel ectroni c devi ces being nmanufactured. Once the desired narrow space
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These exanpl es ar eOhge thedegiied naf ¢ ig doimef s getined Pyithe PregesSscope

b o " SSSA ey 108CUSIEY, e PRLFRFSHIAESSAS adieirba
Metals may be deposited in the space, the substrate may be etched, the
photoresist may be planarized, etc.

15 The following specific examples will provide detailed illustrations of
the methods of producing and utilizing compositions of the present
invention. These examples are not intended, however, to limit or restrict
the scope of the invention in any way and should not be construed as
providing conditions, parameters or values which must be utilized

20  exclusively in order to practice the present invention.



20 exclusively in order to practice the present invention. WO 02/ 10858
PCT/ EPO1/ 08391 9 EXAMPLES Exanple 1 5 AZ(r)DXTM 3200, a conmerci al deep
uv (DUV) whovuosesi st, available from C ariant Corporati orCT/Bpomssdll | e, New
Jersey), was spin-coated at 1360 rpmMonto 6" wafers, baked at 85C for 90
sec to give a filmthickness of 760 nanoneters(nm, followed by exposure
on an ASM. 1o PAS5500/300B DUV stepper set at NA = 0.60 and sigma = 0.6,
post exposure baked at 115 C for 90 sec and devel oped in AZ(r) M F300
Devel oper (2.38% w w tetranethyl amoni um hydr oxi de, available from
Clariant Corporation, Somerville, New Jersey). 190nm equal line and space
structures were found upon inspection after_ devel opnent of the 15

phot oresi st. The wafers were then coBXAMRLEES the shrink material, AZ(r)
R200 Coati ng, a pol yvi nyl al cohol / crosslinker coating (avail able from

Cl ari ant %ﬁé'ﬂﬁ]@c’g Somerville, New Jersey) at a spin speed of 2500 rpm
baked at 85 sec, and baked(diff usion bake) again at 110 C for 70

sec 20 to xrosslink the shrink material. The filmthickness of the AZ(r)
R200 | ayer was deAz%Xneach@ Ebeoﬁft'b'@emml deep we(;ﬁ)iﬂ\él phateresisti kivaitableoni t or

waf er. Renoval solutions 2- are oncent rati o
| wei ght % of Wi @l?s"%hr@%fé’%?f“o@ '{‘)’&lte i\Le"V |J§f 1 Wapa$pin- opatqeﬁ@twaf ers

were devel Opf&sd"fér{i otnlf'c?%ev{aﬁépgvﬁ% %f(;éik?aﬁ)r@o Wm Atihickgesd M of

the 25 renova ion on sec y a dei oni zed
wat er rinse.offabe Inamomeleesntr)e écblfcmﬂd vbyesexpdsure noval ol mswns 1-5

Exanpl e 30 A BBCBo00 0RE: BILL SePisestt BhNih 0B S8 Bd0felRRE.
hydroxystyr englodi@ive HReket 1955¢¢ if6PB0VBEE ahd BEPAIBREd A R Mmb@o
Developer (2.38% w/w tetramethyl ammonium hydroxide, available from
Clariant Corporation, Somerville, New Jersey). 190nm equal line and
space structures were found upon inspection after development of the
15 photoresist.
The wafers were then coated with the shrink material, AZ® R200
Coating, a polyvinylalcohol/crosslinker coating (available from Clariant
Corporation, Somerville, New Jersey) at a spin speed of 2500 rpm, baked
at 85 °C for 70 sec, and baked(diffusion bake) again at 110 °C for 70 sec
20  to crosslink the shrink material. The film thickness of the AZ® R200 layer
was determined to be 750 nm on a separate bare silicon monitor wafer.
Removal solutions 2-5 were prepared with a concentration of 1weight% of
various surfactants in water as listed in Table 1. The wafers were
developed with these removal solutions by manually puddling 20 ml of the
25 removal solution on the wafer for 60 sec, followed by a deionized water
rinse. Table 1 compares the effectiveness of removai solutions 1-5 in

reducing space width, cleanliness of development, and sidewall angle.

Example 2
30 A deep uv photoresist based on an acetal-protected poly(4-

hydroxystyrene) was applied to silicon wafers, exposed to DUV light
through a mask and processed to give isolated space features ranging in



t hrough a mask and processed to give isolated space features ranging in WO
02/ 10858 PCT/ EPOL/ 08391 10 space width from 280 tol80 nm The wafers were
t hen coatvedomasss AZ(r) R200 Coating as described i n ExanpP€T/EPoMissH t he
exception that the diffusion bake pridcess was as specified in colum 2 of
Table 2. The chem cal conpositions of the experinmental renoval solutions
are given in 5 Table 3. The results of the processes are given in Table 2.
The target of this experinment was to find a renoval solution that nade it
possi ble to achieve a reduction in the printed space width from about

200nm t o abougpdde0 witth from Resuld180ohn, hérmmmfensemr@rtaeguacmted nwitiTabl e 2.
Itwasfoundthtvmth comercial AZ(r)R2 Devel oper, it was ‘5‘@“ ossi bl e
to achi eve a ABrRAR0pating amrspritedindexarapient ‘f“”étmﬁ‘ GP?%?P’“QHT Ldhen bake

of 120C for 78ff§§%n‘“8§k Jaéee‘s% wﬁg’ﬁé %pééﬁne&% ol @A 2% WIT@ﬂBVé derg e

needed |ithographi'c pertor nance val ut| on surfactants

and with optisheraital Dompesmbng wMEkpmeMveMedaltét&uumaneegiven in
l'i t hographic _!Q)erfor nance. Renoval sol ution w, tgé‘é\@ gnl oni ¢ surfactant

made it possi bAkletd E%ﬁ?%%‘@rﬂflﬂi‘/e BFAGeeSeS BIagNEN & lose to the target.
The investigation Tﬁe ThRBRAHR ER0Gna% RabUDTPE Rindvap sdiulifonsiran bake

(experinents 11-13 process al so has good tenperature
|l atitude. 20 meaepit @ossibke &eephlevermmecduc&ishsm thasprihted spwepmidymmom)f

4- hyd t dt-b | at lied t il

exp)c/)scragx%/?) W&it ! nm iR gbélﬁ ‘EOQTé % ﬁ?\%\?%{@ggggﬁ%l eyﬁe@ﬁ‘u@'ggggeogm@?g% space

features rang‘{ 52 PRAERUNE. @QPMW %Eﬁﬁmer@émz'mr@e&éwﬁbmmg et h
g anple 1,

AZ(r)R200 Co as described in h the exceptions that
t he bake procpsssiblasto ash@pecafshenhkl o d60umm smaCEaMl@tMevemdf @ehbigher

conposi tion of, the re 9 i S ecif d | upm of
Table 4. The @'gHﬁ'Bgll? 8?8 &(llﬂ%r ?@Wa %@PB '?cg sé] Igﬁ}fﬂ VaigF" Cﬁgﬂ%l e 3.
Resul ts of thﬁrcﬁ?&%etlhler‘@gde@rlﬁho@bﬁﬁl@ geormaneenai ni ng col ums of Table 4,
where the experinental
Only removal solutions with surfactanis and with optimized
processing conditions provided the required lithographic performance.
15 Removal solution with an anionic surfactant made it possible to
consistently print isolated spaces close to the target. The investigation of
the performance as a function of the diffusion bake (experiments 11-13)

shows that the process also has good temperature latitude.

20 Example 3:
A deep uv photoresist based on a copolymer of 4-hydroxystyrene

and t-butyl acrylate was applied to silicon wafers, exposed to DUV light
through a mask and processed to give isolated space features ranging
from 280 to 180 nm. The wafers were then coated with AZ°R200 Coating
25 as described in Example 1, with the exceptions that the bake process was
as specified in column of Table 4, and the composition of the removal
solution is specified in the third column of Table 4. The compositions of
the removal solutions are given in Table 3. Resulis of the experiment are
given in the remaining columns of Table 4, where the experimental

30  solutions are compared with the commercial AZ®R2 Developer.



30 solutions are conpared wth the commercial AZ(r)R2 Devel oper. WO

02/ 10858 PCT/EP01/08391 11 The target of the experinment was to find
renoval swborimsss and processing conditions that nmake it PODEBIINISEII O
achieve a reduction in space width fliom 200nmto about 100 nm The results
of the experinent are given in Table 3. It was found that when using
AZ(r)R200 Coating with 5 AZ(r)R2 Devel oper, although sone space shri nkage

i s obtained, however, it was not possible to achieve a target space
shrinkage of 100 nm space w dth even if a higher diffusion bake of 120C

for 70 sec was appfh&dargeReiomal exgiritiétngas Ab fidl révhovahiselutiens deged on
an anionic surfactant, “show no bri dgl ng andibgel ve cl ean devel opnent for

i sol at ed spaquecessisg canditionshthat amgke . it mossitie donadnieyaita dadegtiamin

fact ant ' h ' ¢ |.d ' : hanged.
The. apt | mum SRACRCY TR o ADBRR o S A0 b el eR RS MY BB BB e Do
of the phot orgsigiteifiTablees.s iniadiomnbeahativhed ustRPAE R20C@gaINgwWith of

results for different renoval solutions for Exanple 1. Rempval Surfactant
Initial Fisnal AZYRMeveienersalifeaugh somel shacersriokase inabiained hawevel R2 310

212 bridging .sl oped ., Devel oper. 2. T 340, C | 3 TMA
| aurate 310 2;‘?’ et OB A8 pofipVR A G Shoethureron T00 KRS 510 175
bri dgi ng vertygi evBAAT 2NBRfher AXfuIdn JoaRe Reved@aeefor B0Vveck ivaepappieaol in
water TMA: tetranethyl amonium ALS: anmmonium | auryl sulfate

Removal solutions, A1 and A2, which are based on an anionic surfactant,

show no bridging and give clean development for isolated spaces close to

10 the target. As the concentration of the surfactant was varied the space
width that could be achieved also changed. The optimum surfactant
concentration varies with the chemical composition of the photoresist and

the shrink material.

15
Table 1: Comparison of results for different removal solutions for Example

1,

Removal |Surfactant Initial Final Cleanliness [Sidewall
Solutions Space[nm] | Space [nm
1 AZ®R2 310 212 bridging sloped
, Developer
2 TMA stearate 310 219 clean vertical
3 TMA laurate 310 227 clean vertical
4 ALS 310 195 clean vertical
5 TMA 310 178 bridging vertical
heptanoate

20 AZ®R2 Developer: 5 wt% isopropanol in water
TMA: tetramethyl ammonium,
ALS: ammonium lauryl sulfate

25

30



25 30 WD 02/10858 PCT/ EP0O1/08391 12 Table 2: Conparison of results for
different renoval solutions for Exanple 2. Experi- D ffusion Bake

Devel opewonmgssg nitial Shrunk nment # Quality Space CD Sparver@®s3dinnf nm 1
120C/ 70sec A R2 Bridging 200 120 2 120C/ 70sec C3 220 190 3 120C 70sec
water --- --- 4 120C/ 70sec C1 Scum 200 100 5 120C/ 70sec B3 Bridgi ng 280
180 7 120C/ 7osec D3 200 100 8 120C/ 70sec D2 Brid in 200 100 9 120C 7osec
D3 Brid in 280 180 11 110C/ 70sec A3 180 121 12 115C/ 70sec A3 180 104 13
120C/ 70sec A3 190 104 5 Table 3: Conposition of the renpval solutions

Narme Reroval 'Isérﬂlg? %ngg%ﬂ%%ﬁi#firgglfltﬁ%r Hﬁ@?&t%ﬁ{ovﬁ%oluﬁohé‘fd’f@@rmﬁg 50 m of

Sol. 1 in wat n wat er 50 mw w Macol
su\rN; ac'ltvgnt I ifwater B2 1,000 mw w Macol 16 surfact ant i n wat er BS 10, 012
mw w Macol 16 surfactantin wat - W-wW-SHHFpR 440—syr-factant in
wat er B Beveio agf S TSRk
<L %Ldri-nj(em@aé;h W R ﬁ?ﬁ% M@ Bﬁrrf ua |ty gpace CD | Space CD
[nm] [nm]
i 120°C/70sec | AZ°R2 | Bridging 200 120
2 120°C/70sec C3 220 190
3 120°C/70sec water - -~
4 120°C/70sec C1 Scum 200 100
5 120°C/70sec B3 Bridging 280 180
7 120°C/70sec D3 200 100
8 120°C/70sec D2 Bridging 200 100
9 120°C/70sec D3 Bridging 280 180
11 110°C/70sec A3 180 121
12 115°C/70sec A3 180 104
13 120°C/70sec A3 190 104

Table 3: Composition of the removal solutions

Name Removal Solution Composition
A1l 1,000 ppm of Sol. 1 in water
A2 50 ppm of Sol. 1 in water
A3 20,000 ppm of Sol. 1 in water
B1 50 ppm w/w_Macol 16 surfactant in water
B2 1,000 ppm w/w_Macol 16 surfactant in water
B3 10,012 ppm w/w_Macol 16 surfactant in water
C1 50 ppm w/w_Surfynol 440 surfactant in water
Cc2 1,000 ppm w/w Surfynol 440 surfactant in
water
C3 10,000 ppm w/w Surfynol 440 surfactant in
water
D1 . B1:Sol.2=1:1
D2 5% isopropanol in B3
D3 10% isopropanol in B3
Sol.1 3.5% w/w ALS in 2.38% w/w TMAH in water

Macol 16 is available from PPG Indusiries.
10 Surfynol 440 is available from Air Products Corp.



water C3 10,000 ppm w w Surfynol 440 surfactant in water D1 131 : Sol. 2
1:1 D2 5%iso ro anol in B3 D3 10%iso ro anol in B3 Sol. 1 3.5%w w ALS
in 2. 38%wow/askH i n water Macol 16 is avail abl e from PPECT/REu#t8B91es. to
Surfynol 440 is available fromAir Pridducts Corp. WO 02/10858

PCT/ EPO1/ 08391 13 Table 4: Conparison of results for different renoval
solutions for Exanple 3. Wafer # Diffusion Bake Renoval Initial CD Shrunk
CD solution nmnm 1 110C/ 70sec AZR R2 180 160 2 110C/ 70sec C3 --- --- 3
120C/ 70sec A R2 200 180 4 120C/ 70sec A RR2 200 140 5 120C/ 70sec D1 200
150 6 120C 79gpRr AlCdBPadddn ofretdREIof QiiesreAlrehidyal 831utiBnd 28 & xiisple A3 200
144 9 123C/ 78sec Al 190 109 10 126C/ 70sec Al 190 108 11 126C/ 70 sec A3
200 152 12 120C/ 70sec Al 180 99 5 WD 02/10858 PCT/EP01/08391 14 8) The

process accor digge t G ChRRNidn Balld T HeGUET > IAidI'CH ' Bhifk CD

solution nm nm

1 110°C/70sec AZPR2 180 160

2 110°C/70sec C3

_ 3 120°C/70sec AZ®R2 200 180
4 120°C/70sec AZ®R2 200 140

5 120°C/70sec D1 200 150

6 120°C/70sec A1l 190 111

7 120°C/70sec A2 190 102

8 123°C/70sec A3 200 144

9 123°C/70sec A1 190 109
10 126°C/70 sec A1 190 108
11 126°C/70 sec A3 200 152
12 120°C/70sec A1 180 99




photoresist with an acid solution prior to coating the photoresist with
the shrink material. 5 9) The process according to claim11, further

conpri si mohvasshg the shrink material after step b), anBCT/ERIsy9I1
insolubilizing a portion of the shrilwak material. 10) The process accordi ng
to claim9, where the heating tenperature io0 ranges from 100C to 1602C.
11) The process according to claim1, further where the surfactant is a
non-ionic surfactant. 15 12) The process according to claim11, further
where the surfactant is an anionic surfactant. 13) The process according
to claim 12, durthpie phries tBCorNPRI clains 4] furbieaBbmbasingriredtikylthehai n
greater than carbon atons. 20 14) A renoval solution conprising . an
aqueous sol ution dihQjorasist #dthaan acid sojutipRedrias te Gaatingihe phatowsist Mithm 14,
where the surfact S = donic surfactant. 25 16) The renoval
solution of clai mat%,slh\?\lﬂgrngé}g%l'surfact ant is an anionic surfactant. 17)
The renoval solution of claim 16, where the anionic surfactant has 30 an
al kyl chain greater than 7 carbon atons, W) 02/10858 PCT/ EPQ1/08391 15
CLAI M5 1) 5A pRlocesEhd Brocgahaeaeiding ieclainml clupbies ePMpRPROEAlRE e onpr i si ng;
a) providing a sub t n i I : : j t lre

phot or esi st i nage %\Aﬁh% ’ﬁa‘\gﬁ'%‘r%@e@a%é?’?’gim;ﬂ&e'r%g@%@f’F‘%‘é‘@%bgﬁ%&‘?i on of
the shrink materi aheighrinRkmbatetiami th the photoresist imge; d) renoving a
portion of the shrink material which is not

10)  The process according to claim 9, where the heating temperature
10 ranges from 100°C to 160°C.

11)  The process according to claim 1, further where the surfactant is a

non-ionic surfactant.

15 12) The process according to claim 1, further where the surfactant is an

anionic surfactant.

13) The process according to claim 12, further Where the anionic
surfactant has an alkyl chain greater than 7 carbon atoms.

20
14) A removal solution comprising an aqueous solution of a surfactant.
15)  The removal solution of claim 14, where the surfactant is a non-
ionic surfactant.
25

16)  The removal solution of claim 14, where the surfactant is an anionic

surfactant.

17)  The removal solution of claim 16, where the anionic surfactant has

30 an alkyl chain greater than 7 carbon atoms.



i nsol ubilized with a renoval solution, further where the 10 renova

sol ution conprises an aqueous solution of a surfactant. 2) The process
accordi ngvoo2/0i8s8 m 1, where the renoval solution furtherPCDEpPI/BEE an a
hydr oxi de base. 15 3) The process acdérding to claim1l, where the renoval
solution further conprises a water-m scible solvent. 4) The process
according to claim2, where the renoval solution 20 further conprises a
wat er-m sci bl e solvent. 5) The process according to claim1, further
conprising exposing the shrink material after coating the photoresist

I mage. 25 6) Thalmgocess according to claim5, further conprising imgew se
exposi ng the shrink material. 7) The process according to claim5, further

conprising f1ppd exppstds fol RarkiddiiifindBirfittdlect’fhic device, comprising;
a) providing a substrate with a photoresist image;
5 b) coating the photoresist image with a shrink material;
c) insolubilizing a portion of the shrink material in contact with
the photoresist image;
d) removing a portion of the shrink material which is not
insolubilized with a removal solution, further where the
10 removal solution comprises an aqueous solution of a

surfactant.

2) The process according to claim 1, where the removal solution

further comprises an a hydroxide base.

15
3) The process according to claim 1, where the removal solution
further comprises a water-miscible solvent.
4) The process according to claim 2, where the removal solution
20 further comprises a water-miscible solvent.

5) The process according to claim 1, further comprising exposing the

shrink material after coating the photoresist image.

25 B6) The process according to claim 5, further comprising imagewise

exposing the shrink material.

7)  _The process according to claim 5, further comprising flood exposing
the shrink material.

30



