Descr | ption Dry-devel opabl e positive resist The invention relates to a

dry- dével opabl e posi tive TSI resist. 5 In the course of
phot.ol i t hogr aphi atter ni ng, dry-devel opabl e TSI single-layer resists (TSI
= Top Surface @ 25&§i®it a nunber of advantages such as reflections

be| ng suppressed and topography effects being reduced. A detailed
descri ption Ofpéétﬁﬂ_ N5 can be 10 found in "Introduction to

M crolithograph umSeries 219 (1983), pages 287 to 350. TSI
resists are k %‘fﬁ‘?m% If‘?ﬁ’rﬁ’o‘fe posT=°Yive and of negative

dry-devel opabl e singl e- Iayer sys- tenms. In contrast to negative systens,
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density - for appli cat I'ons | n cont act are h| ghly
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reduced. A detalled description of such systems can be
10 found in "Introduction to Microlithography", ACS Sympo-
sium Series 219 (1983), pages 287 to 350.

TSI resists are known both in the form of posi-
tive and of negative dry-developable single-layer sys-
tems. In contrast to negative systems, positive TSI

15 systems are much more suitable - owing to a lower defect
density - for applications in the contact hole planes,
which are highly critical.

Dry-developable single-layer systems function
according to the following prineiplé:

20 - application of the resist to a silicon wafer and
drying;
- exposure and, if required, heating to generate a
"latent" image;
- treatment with a metallizing agent, for example an
25 . organometallic compound, which makes the resist - in
the exposed areas (negative resist) or in the unex-
posed areas (positive resist) - resistant to dry
development, particularly in an oxygen plasma;
- dry development.



- 2- This.nunber of process steps should not be exceeded during production,
i f possible. A high-resolution TSI system suitable for produc- tion should,
in addition, neet the followi ng require- 5 ments: 1. Si mpl e and
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base 25 pol ynmer contains t-butyl ester or,.t-butoxycarbgnyl ox ro (cf.
EP-A 0 102 450 and ®raler 4 #895t8qq Fﬁs RAFIPLG o F5) §SUS‘Q'?’éte %%Fézjfg‘i 628

and 4 552 833). Duré¢dgts being investments for additional equipment
10 and/or reagents, as well as the additional process
steps.
2. High sensitivity
The lower the sensitivity, the lower is the through-
put with the expensive exposure equipment (stepper)
15 and the higher are the costs. Of particular
importance in this context is high sensitivity in
the DUV region (DUV = Deep UV).
3. High Resistance to plasma development
High resistance of the areas treated with the
20 metallizing agent is important to provide as much
scope to the process as possible during dry-develop-
ing.
To overcome the problem of low DUV sensitivity of
photoresist, resist systems were developed whose base
25 polymer contains t-butyl ester or t-butoxycarbonyloxy
groups (cf. EP-A 0 102 450 and 0 161 476, and the corre-
sponding US Patents 4 491 628 and 4 552 833). During
exposure in the presence of a strong acid former, for
example a Crivello salt, carboxyl groups or phenolic OH
30 groups are generated, a single proton - according to the
principle of so-called chemical amplification - cleaving
off more than one group (cf., for example, "J.
Electrochem. Soc.", Vol. 136 (1989), pages 1453 to 1456).
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means of ectr beans - generate positive and
activated aromat:.c compounds in the presence of Crivello

salts has been reported during the 8th International
Conference on Photepolymers, Ellenville, N.Y. (1988) (see
Conference Report: pages 63 to 72).

15 A number of positive TSI systems have indeed been
disclosed previously, but none of them entirely meets the
abovementioned requirements:

- EP-A 0 136 130
The method described can be used - by means of UV
20 light or electron beams - to generate positive and
negative patterns. A drawback is the need for
special equipment (for vacuum) and the requirement
of metallization by means of corrosive or toxic
gases such as B)H,, SiCl, and TiCl,, which is of
25 little use for production.
- EP-A 0 204 253 (and US Patent 4 613 398)
Positive and negative systems are described, the
permeability of the resist with respect to the
metallizing agent being altered by exposure. A
30 ' drawback of this system in the positive mode are low
DUV sensitivity (from 50 to 300 mJ/cm?) and the
requirement of silylation by means of hexyamethylcy-
clotrisilazane in o-xylene at 65°C, calling for
special apparatus resulting in low line compati-
35 bility.



negative patterns. A drawback is the need for special equipnment (for
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10 steps, it does require a special apparatus for gas-
' phase silylation at elevated temperature.

- EP-A 0 281 182 and EP-A 0 352 739 (and US Patent

4 921 778)
While the systems described exhibit good DUV sensi-
15 tivity, they do have the drawback that special

equipment is required for silylation from the gas
phase at elevated temperature. Moreover, these
silylated areas, owing to the incorporation of
monomer silicon fragments such as 8i(CH;), groups,
20 have only a moderate etching resistance (cf: "Micro-
electronic Engineering", Vol. 3 (1985), pp. 279 to
291).
- "Mat. Res. Soc. Symp. Proc.”, Vol. 45 (1985), pages
197 to 202, and "IBM Techn. Discl. Bull.", Vol. 27,
25 No. 4A (1984), p. 2197.
The method described is based on the decarboxylation
of homo- or copolymers of (meth)acrylic acid and,
where appropriate, its anhydride, by high-energy
radiation and silylation of the unexposed areas from
30 the gas phase. The drawbacks consist in gas-phase
silylation (special equipment being required), the
relatively low etching resistance in the oxygen
plasma (owing to silylation with hexamethyldisila-
zane) and the reduced DUV sensitivity of a decarbox-
35 ylation reaction of the abovementioned type.
- "J, Vac. Sci. Technol. B", Vol. 10 (1992), pp. 2610
to 2614.
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10 Furthermore, a patterning method involving dry
development had previously been proposed, which produces
positive images and which - employing conventional
equipment - makes it possible to generate sub-half-
micron patterns (see EP-A 0 451 311 and the corresponding

15 US Patent 5 229 258). This method, however, comprises two
additional process steps, i.e. a treatment of the exposed
photoresist layer with a polyfunctional organic compound,
in particular a polyamine, and an overall-exposure step.

EP-A 0 492 256 discloses a method for

20 photolithographic patterning in the submicron range and
a dry-developable TSI resist system su:i.ta.'ble for this
purpose. To this end, a substrate is coated with a
photoresist layer composed of a polymer which contains
carboxylic acid anhydride groups and t-butylcarboxylate

25 groups, of a photoinitiator which liberates an acid upon
exposure, and of a suitable solvent. The photoresist
layer is then dried and exposed imagewise, and the
exposed layer is subjected to a thermal treatment, the
thermal treatment being controlled in such a way that the

30 - photoresist becomes hydrophilic in the exposed areas. The
photoresist layer thus treated is then subjected to
liquid-phase silylation, and the silylated layer is dry-
developed in an anisotropic oxygen plasma. While the
known TSI resist system does have a high etching

35 resistance and a high sensitivity, it is possible,
however, for wetting problems during the treat-
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that the 30 or esi st becomes hydroph| lic in the exposed areas. The
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This is achieved, according to the invention, by
15 a resist which comprises the following components:
- a suitable solvent
- a strong acid former as a photoactive component, and
- a base polymer in the form of a co- or terpolymer

comprising maleic anhydride as a base unit and

20 glycidyl methacrylate and/or a styrene derivative of
the following structure as a further base unit:
Fl1
C= CH2
R R3
where R!' = H or CH,,
R? = H or R,
Rs = (cnz)m'oxl
25 X having the following meaning:

CO- (CH,) 4~O- (CH,) .-CH,,
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photoresi st layer thus treated is then subjected to |iquid-phase
silylation, and the silylated |layer is dry- developed in an ani sotropic
.oxygen plasma. While the known TSI resist system does have a high etching
'35 resistanc®R 4dPa A5 P sensitivity; 7it is possible, however, for
-wet t-i ng problenms during the treat- -6- _nment wth the silylatigon sqlution
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Si
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radi ati on, and has a high etchi mpd esi stance of the netallized areas to dry

devel opnents. I n partli cu.g Q:r'én'ag.s.l.@ou'lglu@euﬂ(&%ﬂ 018 Wah A v NEord Shy 8SHh St aml OF
the netal |l i"zati on proce?s’lo e*Carried out at roomténperature and at room
hurmidity and atnps- ph@dddtives af cheyificldewing atinuataing: use of speci al
equi pnent. This is achieved, according to the invention, by a resist which
conprises the follow ng conponents: - (‘\ itabl e sol vent - a strong

acid forner as a photoactive cRAOHOHY - dc_:igg-cbdeb Eolyrrer_itn tge form
) ride as a base unit an

of a co- or terpolynmer conprising nalei ¥
gl ycidyl nethacrylate and/or a styrene derivative of
where R* = CO- (CH,),-CH, or CO-C.H,,
n representing an integer from 0 to 5.
In the case of the positive resist according to
10 the invention it is essential for the base polymer to be
composed of at least two different base units or for at
least two different functional groups to be present.
These functional groups are, firstly, carboxylic acid
anhydride groups and, secondly, epoxide groups or
15 aromatic groups of the above-described type, the
anhydride groups serving to form a chemical bond during
silylation, the' epoxide groups or the aromatic groups foi:'
"acid-catalyzed cross-linking in the DUV range.
The base units used for the base polymer are
20 ° therefore, firstly, maleic anhydride and, secondly,
either glycidyl methacrylate or a styrene derivative of
the structure (l1). If the styrene derivative does not
contain a group (CH,)_-OX with m = 1, the resist composi-
tion additionally contains an additive having the struc-
25 ture (2). This additive, which is preferably p-bis(ace-
toxymethyl)benzene, may be present, however, even if the
styrene derivative does comprise a group of the abovemen-
tioned type.
The base polymer may be a copolymer or a ter-
30 polymer. What 1is present in the former case is a
copolymer of maleic anhydride and glycidyl methacrylate
or of maleic anhydride and
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t he follow ng structure as a further base unit: [err] -7- and m a,

and e - independently of one another -

c, d

each representing an in- teger from

Oto 5 and - optionally, but unconditionally for m= 0, an additive of the

followi ng struGRud& B 8256 ® representing &n-integer from0 to 5.
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Ct: invention 8 a strong acil
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former, i.e. a compound which upon exposure forms a
strong acid. This purpose is served, in particular, by
so-called Crivello salts. These are onium compounds such
as diphenyliodonium triflate and triphenylsulfonium
triflate ("triflate" is the trifluoromethanesulfonyl
radical) . Generally photoactive sulfonic-acid formers can
be used, however. The photoactive component is generally
used in an amount of from 0.5 to 5 % by weight, based on
the resist composition.

The solvents used for the photoresist according
to the invention are solvents known per se. Preferably,
the resist solvent is methoxypropyl acetate or diethylene
glycol dimethylether; it is also possible, for example,
for cyclohexanone to be used. The only important
criterion in selecting the solvent is that both the base
polymer and the photoactive component and, if required,
the additive must be dissolved.

Photopatterning in the case of the TSI resist
according to the invention requires only the minimum
number of process steps. After application of the resist
to the substrate and drying, exposure takes place through
a mask, followed by tempering. This resulte in acid-
catalyzed cross-linking of the exposed areas, so that
during the subsequent liquid-phase silylation any
penetration of the silylation solution into these areas
is prevented and the unexposed areas are silylated
selectively. The silylation reagent used is in the form
of oligomeric bisaminosiloxanes. Compounds of this type
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The invention will be described in even more

detail with reference to specific embodiments. These make

use of the following starting materials and reagents

(PM = parts by mass):

- Base polymer (1):
Copolymer of maleic anhydride and 4- (acetoxymethyl) -
styrene, prepared by free-radical polymerization of
the monomers, wusing azoisobutyronitrile as the
initiator.

- Base polymer (2):
Terpolymer of maleic anhydride, 4-(acetoxymethyl) -
styrene, and maleic acid, prepared by free-radical
polymerization of the monomers, using azoisobutyro-
nitrile as the initiator. |

- Base polymer (3):
Copolymer of maleic anhydride and glycidyl methacry-
late, prepared by free-radical polymerization of the
monomers, using azoisobutyronitrile as the initi-
ator.

- Base polymer (4):
Copolymér of maleic anhydride and p-methoxystyrene,
prepared by free-radical polymerization of the
monomers, using azoisobutyronitrile as the
initiator.

- Photoactive component (1):
Triphenylsulfonium trifluoromethanesulfonate

- Photoactive component (2):
Diphenyliodonium trifluoromethanesulfonate

- Additive (1):

the %& .pol_yner §?in§§ %%g£$€ tdﬁgeqagggg aeflde glxpldyl
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to the inyention are solvents known per se. Preferably, 20 t he resi st

sol verit i s net hoxypropyl acetate or diethylene glycol dinethylether; it is
al so possible, for exanple, for cyclohexanone to be used. The only
important crit@Ri®h Pn328FeRting the sot v¥it~is that both the base pol yner
and t he photoactive copponent and, jf ;e uired, 25 the additive nust be

- di ssol ved. PhotopatPePﬁ?zﬁcFﬁ°¥ﬁ@°Eg¥% 6gePﬁ8n?Sl resi st according to the
invention requires only the m ni mum nunber of process steps. After
application of the resist to the substrate and drying, exposure takes place
t hrough 30 a mask, followed by tenpering. This results in acid- catal yzed
cross-linking of the exposed areas, so that during the subsequent

| i qui d-phase silylation any penetration of the silylation solution into

+ these areas is prevented and the unexposed areas are silylated 35

- selectively. The silylation reagent used is in the formof oligoneric

* bi sam nosi | oxanes. Conpounds of this type -9- ensure high plasma etching
' resistance during the dry- developing step. The silylation itself is
~carried out in conventional spray or puddl e devel opnent equi pnent at room
tenperature ‘and room hum dity, and at atnospheric 5 pressure. After
silylation a dry-developing step is carried out in an anisotropic oxygen
pl asma. W found, in the process, that the etching resistance of the
silylated resist areas to the oxygen plasma is very high. After the
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‘obtainéd. The invention will be described in even nore detail with
‘reférence to specific enbodi nents. These nake use of the follow ng starting
materials and @Baddnts 3259 P parts by masdf -15 - Base pol yner (1):

“Copol yner of mal ei c _agnh dr| de and 4- éacet oxynethyl) - styrene, prepared by
free-radical pdl ymersi ng'r)s‘ usi ng azoi sobutyronitrile as
the initiator. 20 Aqueoxﬁa&e-gaﬁlmnablﬁﬂlonTeéﬁpﬁmEngoé PWilcf diamind-i de,
4- (acetoxynethyl)- s rene mal ei.c gci rLepar lscal

- : rﬂ‘e olmned: ai Sc:il. 19 efdﬁo?y Poﬁ.ﬁ c?%lé.%%) p

pol ymeri zati on of t 1§ zZorsobutyro- i

initiator. 25 - SlB@sé’vbolfywsoptéran@bpd?nﬁrPW)fOﬁm!latéwd-rﬁwsﬂ-d‘GOQ-nd
gl yci dyl mgthacry- %Qq{eq:d ed ree-4 3y G M&marl zation of the
nononers, using a20| so }&onltrlle as the initi- ator. - Base

pol ymer (4): Copol yr?éledﬂfaWSeﬂ@ld#ﬂW @ :and p- net hoxystyrene pr epar ed

by free-radical pol Wédﬁ; bQ&aﬁfJ.ct ESl{IEmaﬁeéémpra.Hih PW of diamino-
azoi sobutyronitrile n|t|a

cti_ve conpgnent
(1): Tri phenylsulfor’ﬁl&lﬂxﬁ”ﬁ'l ohe ﬂ%néﬁﬂl’ﬁ?ﬁ’éf’é’l' ‘gt8§c grpanol,
conmponent (2): D phamd i1sdew Wi watidrior onet hanesul f onat e

10 - Silylating solution (3):
Organic solution comprising 5 PW of diaminosiloxane,
76 PW of isopropanol and 19 PW of diethylene glycol
dimethylether

- Silylating solution (4):

15 Aqueous organic solution comprising 8 PW of diamino-
siloxane, 69 PW of isopropanol, 9.2 PW of diethylene
glycol dimethylefher, and 13.8 PW of water.

Example 1
A gilicon wafer is spin-coated with a resist
20 comprising 23.25 PW of base polymer (1), 1.75 PW of
photoactive component (1) and 75 PW of methoxypropyl
acetate, and is dried for 60 s and 100°C on a hot plate;
the film thickness of the resist is 1.2 um. The resist is
then subjected to contact exposure at 6.8 mJ/cm* through
25 a mask (apparatus MJB 3, from Karl Siiss; exposure wave-
length A = 250 nm) and tempered for 90 s at 140°C. After
cooling, the resist is treated in a puddle processor
(Type CEM 2000, from Convac), at room temperature and
room humidity, and atmospheric pressure, for 75 s with
30 the silylating solution (1) and then rinsed for 30 s with
isopropanol and dried. After drying the wafer is intro-
duced into a plasma etching system (Type MIE 720, from
Material Research Corporation) and the rééist is dry-
developed in an oxygen plasma (0,/RIE: gas pressure 1.8
35 mtorr, gas flow rate 30 sccm, bias voltage 50 V, rating
1.2 kW, with magnet). Positive patterns up to 0.4 um
having a ridge/trench ratio of 1:1 are obtained.



- Additive (1): GR 94 P 3256 P - 9a - p-bis

(acet oxymet hyl ) -benzene - 10- - Silylating solution (1): Aqueous
.organi ¢ solution conprising 8 PWof diam no- si | oxane (Tegoner A-Si 2120
“from Gol dschni @B 9% ® $38F & | sopropand 118 4 PWof diethylene glycol 5
di methyl ether, and 12.3 PWof water - Sllyl ating solution (2): Aqueous
organi c sol uti cﬁi‘%ﬁﬁ %i ng 8 PWof diam no- siloxane, 51 PW of

i sopropanol, 26 PWof e haidhicoandvdfel\Wiaf upimcdé)ted withSi &ylmdsingt
solutlon(3) ni.c.sol utj.on c r I.am gesi | ox 7 W of
| sopr opanol ancf% SI? dlee %yl gﬁg 46? ?9?95 %r?he(r%) £ %I I y a?‘férTg
sol ution (4): ZIthotoactiveucompovenini bllsolam 071'7 ccﬂﬁar@gl me thoxypfopyl

di am no- sig oxaffatHe PVé{rRi i PR Ry éh % PWa)meoQi %) %nfhd;ﬂ ¥idte;

di et hyl et her, and 13.8 PWof water. Exanple 1 A silicon wafer i$
spi n-coat ed wi ttHhe Fida ﬁhlﬂknesc?oﬁ’ﬁr F?PnﬁeESSESJ-F’VU‘o? #Rs They BRfESt A8
1.75 PWof then subjected to contact exposure at 7 mJ/cm® through a

mask (apparatus MJB 3, from Karl Sliss; exposure wave-
length A = 250 nm) and tempered for 90 s at 140°C. After

10 cooling, the resist is treated in a puddle processor
(Type CEM 2000, from Convac), at room temperature and
room humidity, and atmospheric pressure, for 90 s with
the silylating solution (2) and then rinsed for 30 s with
isopropanol and dried. After drying the resist [sic] is

15 introduced into a plasma etching system (Type MIE 720,
from Material Research Corporation) and the resist is
dry-developed in an oxygen plasma (0,/RIE: gas pressure
1.8 mtorr, gas flow rate 30 sccm, bias voltage 50 V,
rating 1.2 kW, with magnet, as in Example 1). Positive

20 patterns up to 0.4 um having a ridge/trench ratio of 1:1
are obtained.

Example 3
A gilicon wafer (as the substrate) is spin-coated
with a commercially available positive resist based on
25 novolak and is dried for 1 min. on a hot plate at 90°C.
After baking in a circulating oven (240°C, 35 min) the
thickness of the resist serving as a planarizing layer is
1.3 pm.
The planarizing layer is spin-coated with a
30 resist comprising 13.95 PW of base polymer (3), 1.05 PW
of photoactive component (2) and 85 PW of diethylene
glycol dimethylether. After drying at 90°C/60 s on a hot
plate, the film thickness of the top resist is 0.35 um.
The resist is then subjected to contact exposure at
35 5.5 mJ/cm®* through a mask (apparatus MJB 3, from Karl
Siliss; exposure wavelength A = 250 nm) and tempered for 60
8 at 110°C. After cooling, the resist is treated in a
puddle processof (Type CEM 2000, from Convec [sic]), at



phot oacti ve conponent (1) and 75 PWof nethoxypropyl acetate, and is dried
for 60°'s and [err] on a hot plate; the filmthickness of the resist is 1.2
"[err]. The resist is then subjected to contact exposure at 6.8 [err]
through 25 LRe%k PaPpefafus MIB 3, frédd@Karl Suss; exposure wave- |ength
. [err] = 250 nq% and tenpered for 90 s at [err]. After cooling, the resist
"is treated in °ﬁ$dﬁﬁ%£€?ocessor (Type CEM 2000, from Convac), at room
tenperature and room hum dity, and at nospheric pressure, for 75 s with 30
the silylating solution (1) and then rinsed for 30 s with isopropanol and
dried. After drying the wafer is intro- duced into a plasma etching system
(Type ME 720, from Materi al Research Corporation) and the resist is dry-
devel oped in an oxygen plasna [err] gas pressure 1.8 35 ntorr, gas flow
ratte 30 sccm bias voltage 50 V, rating 1.2 kW with nagnet). Positive
patterns up.to 0.4 [err] having a ridge/trench ratio of 1:1 are obtai ned.
-11- Exanple 2 A silicon wafer is spin-coated with a resist conprising 21.4
. PWof base polynmer (2), 1.6 PWof photoactive conponent (1) and 77 PW of
met hoxypropyl 5 acetate, and is dried for 60 s and [err] on a hot plate;
the filmthickness of the resist is 1.2 [err]. The resist is then subjected
to contact exposure at 7 [err] through a nask (apparatus MIB 3, from Karl
Suss; exposure wave- length [err] = 250 nm and tenpered for 90 s at [err].
Af ter



10 cooli,ng, the resist is treated in a puddl e processor (Type CEM 2000,
from Cobnvac), at roomtenperature and room hum dity, and atnospheric
“pressure, for 90 s with the_silylating solution (2) and then rinsed for 30
s with isopropRo?2aRaP#rPeB. After dryimfthe resist [sic] is 15

I nt.r oduced i nt I t chi T ME 720.. f '
:?eseargh Colrpo’fqiﬁ?gﬁ?gnﬁd%f’ﬁﬂl P‘gﬂiéﬁ' S,;rgn W %e%qsfé‘g%ﬁcnrlg%%%:géelna%?ﬁsm
[err] gas prk\e/ism_re;iiiﬂl rithoer rqilgdsﬂﬂngNS:oé.uJ@i@@Psléd nangdi thenotinged Stow/,
rating 1.2 aRYN ' : jof t
0.4 [err] havi %%M é ‘rﬂlggﬂeﬁ %FE%%RE?‘Q? %ﬁgf (af}' )ledér %%oébét aﬁé&n%xp"g{é Ie‘“]%ei-lAp °

silicon wafer %asimtmofg%%@rfé%@) 3 plasma @Gghéewvﬁtamc&meiﬁﬁino:

~avail abl e osi (¥R MatetialakEs@drd® corpbehthonld drfd dehed ediigk nig. on
a hot plate at [err]. After haking in a circulatin ven [err] the
t hi ckness of t$EYrdeyelored,ingans oxygem iasny F%IQ‘S ga 8 PEFPFUTGhe

EI anar i Izi ng I«(a:ves Imto%idi, N-gat ﬁmow' tdate 390 scem,Stbiaproitagel2M5VPW of
ase polyner (3),.1.05 RPW phqtoactive nmpohent. .(2 W, of

di et hyl ene gl yE%F”a?rT@t'ﬁyllg{qheﬁlt t%?grd?gfhg%n&“[té&% %‘%95%5]%%’ H&at%‘,’ t he
filmthickness0o4 fhe witth r wversticad Osbdeyalls. hEwinesastridgefferench

subj ected; §0 coOL St o EXPOSULEe2bbRRS .5 [err] through a mask (apparatus
MIB 3, fr](')?n Kar? Fgr?]@; exp%sﬁre vvatgféngth [err] = 250 nn) and tenpered

-for 60 s at [err]. After cooling, the resist is treated in a puddle
processor (Typex&kpi 080, from Convec [sic]), at

A silicon wafer is spin-coated with a resist
comprising 13.6 PW of base polymer (4), 5.0 PW of addi-
tive (1), 1.4 PW of photoactive component (1) and 80 PW

15 of methoxypropyl acetate, and is dried for 60 s at 90°C
on a hot plate; the film thickness of the resist is
1.3 pm. The resist is then subjected to contact exposure
at 7.5 mJ/cm’® through a mask (apparatus MJB 3, from Karl
Sliss; exposure wavelength A = 250 nm) and tempered for
20 60 s at 110°C. After cooling, the resist is treated in a
puddle processor (Type CEM 2000, from Convac), at room
temperature and room humidity, and atmospheric pressure,
for 45 s with the silylating solution (4) and then rinsed
for 30 8 with isopropanocl and dried. After drying the
25  resist [sic] is introduced into a plasma etching system
(Type MIE 720, from Material Research Corporation) and
the resist is dry-developed in an oxygen plasma (O,/RIE:
gas pressure 1.8 mtorr, gas flow rate 30 sccm, bias
voltage 50 V, rating 1.2 kW, with magnet, as in Example
30 1). Positive patterns up to 0.4 um with vertical
sidewalls having a ridge/trench ratio 'of 1:1 are

obtained.

Example 5
A resist corresponding to Example 1 is applied to
35 a silicon wafer, in the manner described there, and
dried. This is followed, in a corresponding manner, by
75 8, in a puddle processor, of the silylating solution



-.11a - . -14- Patents clainms: 1. A dry-devel opabl e positive TSI
resist’, characte- rized in that it conprises the foll ow ng conponents: a
sui'tabl e solvent a strong acid fornmer as a photoactive conponent, and a
base pol yner i®RtH® ?o??rgﬁf P3 co- or terpbtymer conprising rral ei ¢ anhydri de

- as .a base unit cid met hacryl afe and/ of_a styrene d at| of the
" fol | owi ng stru&fﬂ 'égﬁé gﬁrtm?nf}é\gerﬂ?fn%rwﬁ"f‘h ‘X ’6??5“6? ?’ér%‘glflmer
of maleic anhysh&d&ryﬂngelkfaei:ddnylthg, stlyeewmfehsris/aimmdﬂcedaelﬁmlmvm ng

struct ure: [er%*aMaVé 1@5 Bg} g 28990M frof:

I ndependent | y one ano re r nt| ng an"1 h- teger romJO to 5,
and - optional Rqseanchuﬁ‘-ge'perartegal)l pnd)rtlne —resigh 4e&diduXretshedfor

following §trugge’ & in an oxygen plasma (O,/RIE: gas pressure 1.8
) mtorr, gas flow rate 30 sccm, bias voltage 40 V, rating
0.9 kW, with magnet) . From the film thickness measurement
before and after etching, an ablation rate of the

silylated layer of 0.83 nm/s can be calculated.

10 Example 6
A resist corresponding to Example 3 is applied to '
a silicon wafer, in the manner described there, and
dried. This is followed, in a corresponding manner, by
60 s, in a puddle processor, of the silylating solution
15 (3) treatment, then by rinsing with isdpropanol for 30 s
" and drying. After drying the wafer is introduced into a
plasma etching system (Type MIE 720, from Material
Research Corporation) and the resist is dry-etched for
200 s in an oxygen plasma (0,/RIE: gas pressure 1.8
20 mtorr, gas flow rate 30 sccm, bias voltage 40 V, rating
0.9 kW, with magnet). From the film thickness measurement
before and after etching, an ablation rate of the
silylated layer 6f 0.78 nm/s can be calculated.



- .14a- [err] n representing an integer fromO to 5. - 13-

thken by rinsing with isopropanol for 30 s and drying. After”m"‘mumlmmnmll
wafer is introduced into a plasm etching system (Type ME 720,¢friome s =*
- Materi al Reseéi%@i)o?p%?%@ign) and the Tektst is dry-etched for 5 200 s

- in.an oxygen plasma [err] gas pressure 1.8 ntorr, gas flowrate 30 sccm

bi as vol t age Rr%eRE £184MB 9 kW with magnet). Fromthe filmthickness
measur enent before and after etching, an ablation rate of the silylated

| ayer of 0.83 nnmi's can,be calculated .10 anpl £si st ondi ng
to Exanple 3 ig’ appl i 8 TR %Y?f%%%’i'f\ﬁf%??‘%‘( @hﬁsﬁaﬁlge%é%’es%%ée t?here,
and dried. Thisizedfih| that, it ncempoisespthdi iglhawing, compenentsin a
puddl e processor, o L4 X! at4 olution 15 (3) treatnent, then by
rirsing with isopr o%a%@ft%%é%sg%o%s drying. After drying the wafer is
introducedinto a pkaakeorg Gy formerreTpRhREERGLEVE SOPRRERE; And
Research Corporati o) baged pbayies Shn ithéll FobhCB€dal @o-2Qk StéFpdlymmedy gen

pl asma (02/ RIE: gas pressute 1.]%;20. norr. .aas flow rate 30 scgm béas
vol tage 40 V, rating°BPHRIPIwi %"bn@??fydl?ﬂ' tR8 131 MR RRA2Ss 32
measur enent bef or e ghyplchdyt methderyllate axidl/xn anstyrenef dehibvatiyeaofd
layer of 0.78 nm's €64 Pglf%fﬂgagg:gucture as a further base unit:

R
|

C=CHz

R R3

10 where R! = H or CH,,
R*> = H or R?,
R} = (CH,)_.-OX,
X having the following meaning:
(CH,) ,-CH,, (CH,),-OCH,, CO-(CH,).-CH,, or
15 CO- (CH,) 4~0- (CH,) ,~-CH,,
and m, a, b, ¢, 4 and e - independently

of one another - each representing an
integer from 0 to 5,
and
20 - optionally, but unconditionally for m = 0, an
additive of the following structure:

R4-o-CH2-@—CH2-o-R4

where R* = CO- (CH,).-CH, or CO-C.H,,

n representing an integer from 0 to 5.

This Sheet Has Been Replaced




- 14- Patent clains: 1 A dry-devel opabl e positive TSI r

a chraracte- rized in thét It conprises the foll ow ng conponent gl‘lﬂlﬂmmgwlll " I!II

suitabl e solvent 5 - a strong acid former as a photoacti

. and - a bas@RpdtyRed25h Phe formof a 9--or terpolymer conprising

i mal.ei ¢ anhydride as a base unit and glycidyl .nethacryl ate and/or a, styrene
- derivative of the fol | Th®ngesiptcasr &1ladmeds dmy ipd@ighde fhAragieriz

- optionally, iwt th®ndHd obakey polylier Ois am addpolymedf bbe tha@lébav ng
structure: [err],This Shee% I—?s B&eﬁi Reg%acedl -15- 2. The resist as
claimed in cl aPARYITEAS, TR FTIEHYH PREPECRELBERS pol ymer is a copol yrer
of mal ei ¢ anhy3lv¥i de anThel yesilgt ast kdeviyledt dn Ilaim 1,Thehaxstiserized

- clainmed ingcl aj 1ar, et.Lzed ' at; the b r kS | yner
of ~mal ei c %nhsidﬁ]i gr'eh%d ,-_Z,Cét a%gégxyér%%#f}%?- th'é r%ne.agg.oﬁ'%weﬂg rlga"s:les ‘Qas
claimed in cl aaphydriderardetr tagetoxymathyht-st¥senel yner is a terpol yner

of _:rral eic 4. The resist as claimed in claim 1, characterized
in that the base polymer is a terpolymer of maleic
anhydride, 4- (acetoxymethyl) -styrene and maleic acid.

10 5. The resist as claimed in claim 1, characterized
in that the base polymer is a copolymer of maleic
anhydride and p-methoxystyrene.

6. The resist as claimed in claim 5, characterized
in that it contains p-bis(acetoxymethyl) -benzene as an

15 additive.

7. The resist as claimed in any one of claims 1 to
6, characterized in that the photoactive component is an
onium salt.

8. The resist as claimed in claim 7, characterized

20 in that the photoactive component is diphenyliodonium
trifluoromethanesulfonate and/or triphenylsulfonium
trifluoromethanesulfonate.

9. The resist as claimed in one or more of claims 1
to 8, characterized in that the solvent is methoxypropyl

25 acetate, or diethylene glycol dimethylether.



resist*as clained in claim1l, characterized in that the bas

- copol ymer of nmaleic anhydride and p-net hoxystyrene. 6. T s

claimed in cl #Bn% R343€tRrized in thatlét- contalns

p- bi s(acet oxynet hyl ) -benzene as_an 15 additive, The resist as

“clained in anyl®ne of Thajipge 10fthe ’&?ﬁ%\%t%?l%%ﬂ“f‘?ldtq'%ﬁ?ﬁéf)hd?%ﬁ%tl ve

conponent i s aff ofladmsaltto89 in sidfPerPayér feésibti tedhheleggim 7,

characterized 20 in that the photoactive conmponent is dehenyIiodonium

trifluoromethanesul fonate  and/or tri phenyl sul f oni um

trifluoronethanesul fonate. 9. The resist as clainmed in one or nore of

~claims 1 to 8, characterized in that the solvent is nethoxypropyl 25
acetate, or diethylene glycol dinethylether. -16- 10. The use of the

resist as clained in one or nore of clainms 1 to 9 in single-layer resist

t echnol ogy.

aﬁhydride, 4- (acetoxynet hyl )-styrene and nmaleic acid. 10
RS



