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In house synthesized mixed derivatives containing at least two carbocycles per molecule from the
group of anthracenes, adamantanes and steroids with functionalized carbon chains are used as
modifiers of resist properties and especially etch resistance enhancement and absorption
characteristics. Etch resistance enhancement is demonstrated in oxygen, fluorine, and
chlorine-containing plasmas under reactive ion etching and inductively coupled plasma etching
conditions for poly~methyl-methacrylate! and a chemically amplified, positive-tone,
methacrylate-based 193 nm photoresist formulation. High resolution experiments show that the
proposed additives do not adversely affect the lithographic properties of the photoresists. The
additive role is explained with empirical etch parameters such as the Ohnishi number and the ring
parameter. ©2003 American Vacuum Society.@DOI: 10.1116/1.1535930#
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I. INTRODUCTION

Photoresists used in modern lithographic applicatio
such as the ones that are currently introduced in produc
for sub 150 nm resolution by 248 nm or 193 nm lithograp
are quite complex materials that should combine a numbe
properties to meet the advanced patterning demands o
semiconductor industry. Appropriate absorbance at the ex
sure wavelength and the resistance to the plasmas used
ing the pattern transfer step are especially important.
latter becomes even more important as the lateral struc
dimensions shrink and thin photoresist films, usually w
below half a micron, are used to keep aspect ratios low
thus to facilitate lithographic processes.

Traditionally, the etch resistance properties of the re
material were obtained using phenolic polymers. This w
the case for 436 nm, 365 nm and 248 nm exposures. S
novolacs and poly~4-hydroxystyrene!-based resins are highl
absorbing for 193 nm light, single layer photoresist syste
for 193 nm lithography are usually based on aliphatic po
mers which show low absorbance, at this wavelength. H
ever, aliphatic polymers have etching rates roughly twice
high as aromatic ones, traditionally used in previous gen
tion photoresist systems,1 despite the initial reactivity of aro
matic polymers in the plasma environment. According to
proposed polymer etching mechanism, halogen atoms ad
the double bonds first, as opposed to subtraction of hydro
atoms from the saturated carbon bonds, and the resu
halogenated compound is less reactive than the produc
abstraction.2 The etching rate was found to be inversely pr
portional to the @Carbon-Oxygen# atom content of the
polymer,3 and an empirical parameter referred to asThe
141 J. Vac. Sci. Technol. B 21 „1…, Jan ÕFeb 2003 1071-1023Õ200
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Ohnishi Parameter, O5(Total Number of atoms)/(Carbon
Oxygen atoms)has been defined. The smaller the Ohnis
parameter~O! the higher the etch resistance. For exam
poly~4-hydroxystyrene! ~PHS!, a high etch resistant polyme
has O52.43, while poly~methyl methacrylate! ~PMMA!, a
low etch resistant polymer, has O55. Etch resistance wa
also described in terms of the amount of carbon ato
present in a ring structure; an improved empirical parame
was thus defined recently asThe Ring Parameter R5(Mass
of Carbon atoms in Rings)/(Total Mass of Polymer). The
higher and closer to unity the value of R, the higher the e
resistance of the polymer.4 For example PHS, a high etc
resistant polymer, has R50.6, while PMMA, a low etch re-
sistant polymer, has R50. Notice that high R values~close to
unity! and small O values characterize high etching res
tance.

In order to address the etch resistance problem in 193
polymeric materials containing cycloaliphatic moieties,
tached either to the polymer chain or as separate com
nents, were used by most resist companies and rese
groups. Nevertheless, as it was first suggested,5 another
method to enhance the etch resistance of these aliphatic p
mers, while keeping acceptable absorbance, can be prov
by polyaromatic compounds such as naphthalene, anthra
and their derivatives. These are characterized by a red
of the absorption band, which in simple aromatic compoun
is centered around 193 nm and thus, they are more trans
ent at this wavelength. It has been shown6 that anthracene
loading is effective in increasing the etch-resistance, i.e.,
duction of the etching rate of the PMMA by 25% is obtain
at loading around 5%. In comparison addition of more th
10% w/w is required for the same etch resistance increas
1413Õ21„1…Õ141Õ7Õ$19.00 ©2003 American Vacuum Society
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TABLE I. Reference mono-anthryl derivatives and their physiochemical properties. UV5absorbance added to
the film of PMMA containing 5% of the reference additive at 193 nm for a thickness of 0.5mm ~PMMA
absorbance not included!. SOL5solubility at the solvents used~*5good!. SUBL5temperature of sublimation
from the film. ETCH RATE5Oxygen plasma etching rate in~Å/min! with additive present in PMMA in 5%
w/w of the polymer~Conditions: RIE mode, 10 mTorr, 400 W power, electrode diameter 300 mm, dc bias 1
V, etching time 2 min. Etching rate of pure PMMA is 3300 Å/min under similar conditions!. O.N.5Ohnishi
number~the smaller the better the etch resistance! and R.P.5Ring parameter~the higher and closer to unity the
better the etch resistance!. O.N.~PMMA!55, O.N.~PHS!52.43, R.P.~PMMA!50, R.P.~PHS!50.6.
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the case of adamantane~cycloaliphatic! derivatives.
Similar challenges, i.e., to enhance etch resistance u

polymers or additives that have suitable absorbance at
exposure wavelength, are encountered in other wavelen
as well as electron beam or x-ray lithography. For exam
in EUV lithography at 13 nm~a strong candidate for nex
generation lithography! the thickness of resist films may onl
be in the range of 100–200 nm, requiring the highest p
sible etch resistance of the resist materials. The increas
etch resistance is also desirable even at longer wavelen
~e.g., 248 nm! since it allows the use of thinner resist film
and thus smaller aspect ratios for high resolution pattern

In all the above cases the use of additives can be v
attractive to improve certain properties in photoresist co
positions, and particularly etch resistance since it provi
high versatility and allows easy preparation of different m
terial formulations without complicated polymer synthesis
chemical modification procedures. Nevertheless, restrict
are posed by the need to fulfill a number of physicochem
requirements defined by the lithographic process:~a! The
additives must be compatible with the rest of the resist co
ponents to avoid any phase separation phenomena tha
lead to film property incongruity;~b! The additives should
withstand the lithographic processing steps without deco
position sublimation or process-induced phase-separa
phenomena;~c! The additives should not modify substa
tially the chemical and physical properties of the photore
to cause deterioration of the lithographic performance.

The purpose of this paper is to demonstrate novel ph
resist etch resistance promoters characterized by the pres
of at least two polycarbocyclic moieties in their molecu
where at least one of them is an anthracene derivative. M
ecules that contain two anthracene moieties or an anthra
and a second polycarbocycle, such as adamantane, or ste
are very useful for etch resistance enhancement. The ar
is organized as follows: In Sec. II the concept is demo
strated using both commercial and novel anthracene de
tives, with a discussion of their properties. In Sec. III de
onstration of the etch resistance enhancement in
different plasma chemistries in inductively coupled plas
ol. B, Vol. 21, No. 1, Jan ÕFeb 2003
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reactors is performed, and an analysis of the results w
empirical parameters is presented. Finally, in Sec. IV a fi
attempt is made to show that the additives have no adv
effects in lithographic performance, using high resoluti
imaging with an ‘‘in house’’ synthesized new 193 nm chem
cally amplified, positive-tone, methacrylate-based photo
sist formulation~CAPRF-3!.

II. POLYCARBOCYCLIC ETCH RESISTANCE
ADDITIVES

A. Proof of concept

The basic idea is to load a photoresist film with a sm
amount of additives 5%–15% per weight in order to increa
its etch resistance, and possibly improve other propertie
well. The improvement of selected physicochemical prop
ties, defining the behavior of the additives was first test
with the help of a standard ‘‘model’’ lithographic resist m
terial. PMMA was mostly selected since it is a commo
simple and well-known material and thus it can provide
universal matrix for the evaluation of the proposed additiv
It has also low absorbance at 193 nm and it is character
by low etch resistance~Ohnishi number O55, Ring Param-
eter R50!. This way, the improvement obtained by loadin
the resist film with the synthesized additives can be ea
assessed. The effect of several simple derivatives on UV
sorbance, solubility, sublimation and etch resistance of
common aliphatic resist PMMA was evaluated. The comm
cially available anthracene, 9-anthracene metha
9-anthracene carboxylic acid and 2-aminoanthracene w
first tested and considered as reference compounds. Ta
summarizes the results and demonstrates a substantia
provement in etching resistance. More details on the us
the additives described in Table I are given in our previo
publication for oxygen and sulfur hexafluoride reactive i
etching plasmas.6
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TABLE II. Novel di-anthryl derivatives and their physiochemical properties obtained from evaluation experiments. The following explanations apply tables
II and III. UV5absorbance added by the additive to the PMMA film at 193 nm or at 248 nm at 0.5mm film thickness and for 7.5% weight loading~PMMA
absorbance is NOT included!. SOL5solubility at the solvents used~##5very bad, #5bad,*5good,** 5very good!. SUBL5temperature of sublimation
from the film. ETCH RATE5Oxygen plasma etching rate in~Å/min! with additive present in PMMA in 7.5% w/w of the polymer~Conditions: RIE mode,
10 mTorr, 400 W power, electrode diameter 300 mm, dc bias 150 V, etching time 2 min. Etching rate of pure PMMA is 3300 Å/min under similar con!.
nt5not tested, O.N.5Ohnishi number~the smaller the better the etch resistance! and R.P.5Ring parameter~the higher and closer to unity the better the et
resistance!. O.N.~PMMA!55, O.N.~PHS!52.43, R.P.~PMMA!50, R.P.~PHS!50.6.
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B. Novel additives as etch resistance promoters

Newly synthesized compounds7 containing other func-
tional groups and either two or more anthryl-moieties or o
or more anthryl groups linked to polycarbocycles, such
adamantane, or steroids, were also tested and compar
known di- and poly-anthryl-derivatives. It is important th
the selected additive is soluble in the solvents commo
used in the microlithography process. In the cases wh
poly~methyl methacrylate! ~PMMA!, was used as the bas
polymer, propylene glycol methyl ether acetate~PGMEA!
and methyl isobutyl ketone~MIBK ! were used as solvents
After film formation the amount of the additive sublime
during the baking cycles was tested. Evaluation of spec
scopic and etch resistance enhancement followed.

Tables II and III present the chemical structure of only
few of the newly synthesized derivatives along with th
physicochemical properties. The latin numbers on the a
tives are denoting their synthesis number. Obviously m
additives than those presented here have been synthes
but only a few are presented here to avoid clattering
paper. As can be concluded from the results in Tables II
III this new generation of anthryl derivatives has much be
physicochemical properties than any reported compound
far ~reference compounds, Table I!. Sublimation tempera-
tures are significantly enhanced. Solubility in organic s
vents widely used in photoresist formulations has been
TABLE III. Novel mixed anthryl derivatives and their physicochem

JVST B - Microelectronics and Nanometer Structures
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enhanced and the new chemical structure design resulte
optimized UV absorbance for the 193 nm region. Etch res
tance of the new additives is large, and is reflected in th
high Ring Parameter and their low Ohnishi number. Nev
theless, etch resistance increase reaches a limit, and a
crease of solubility is seen with many anthryl groups p
molecule.

Additives containing at least one adamantane or ste
along with the anthracene are characterized as mixed. G
erally, the presence of adamantane or steroid resulted
significant improvement of absorbance at 193 nm. In parti
lar, the very simple mixed derivative~XI !, combined excel-
lent plasma etch resistance with very good solubility, hi
temperature of sublimation and small UV absorbance.

III. DEMONSTRATION OF THE ETCH RESISTANCE
IN VARIOUS PLASMA CHEMISTRIES AND
PLASMA REACTORS

A. Etch rates in oxygen, fluorine containing, and
fluorocarbon plasmas for a prototype 193
nm photoresist

In addition to the proof of concept in PMMA, the effec
tiveness of the novel compounds for enhancing et
resistance was examined by loading a high-resolution
nm prototype photoresist CAPRF-3~Positive Chemically
ical properties. See explanation of symbols and conditions in Table II.
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144 Gogolides et al. : Photoresist etch resistance enhancement 144
Amplified Resist Formulation! recently developed8 in our
laboratory. The resist polymer in this case was a low mole
lar weight methacrylate copolymer consisting
2-hydroxylethyl methacrylate, isobornyl methacryla
t-butyl methacrylate and methacrylic acid. The CAPRF
was a solution of the aforementioned methacrylate re
polymer and photosensitizer 3% w/w on polymer, in eth
lactate. Etching rates of CAPRF-3 films were measured in
ICP reactor, as a function of its percentage additive cont
Oxygen, sulfur hexafluoride, and trifluoromethane plasm
were used. Similar experiments were conducted for comp
son purposes with PMMA. CAPRF-3 has an improved e
resistance compared to PMMA~Ohnishi number O54.64,
Ring Parameter R50.129, compared to O55 and R50 for
PMMA!. For our test purposes we used a mixed derivat
additive optimized for 193 nm lithography namely com
pound XI, see Table III. The variation of ER with plasma g
composition indicates a plasma chemistry-dependent
rate for CAPRF-3.

Figure 1 depicts the results for the relative etching rate
CAPRF-3 as a function of the percentage of loading, in2
and SF6 plasmas. It is observed that the loading is effect

FIG. 1. Etching rates~ER! of loaded CAPRF-3 relative to pure CAPRF-3 a
a function of the weight % loading content of the etch resistance enha
ment additive XI~see Table III!. Plasma parameters: 10 mT, top power
ICP 600 W, 2100 V bias. In the same figure the etching rate of load
PMMA relative to the pure PMMA is shown as a function of additive loa
ing. The improvement is greater for PMMA, due to its initial etch resista
compared to CAPRF-3.~Top! Oxygen plasma, where ER~CAPRF-3!53750
A/min, ER~PMMA!54300 A/min. ~Bottom! SF6 plasma, where
ER~CAPRF-3!51890 A/min, ER~PMMA!52770 A/min.
J. Vac. Sci. Technol. B, Vol. 21, No. 1, Jan ÕFeb 2003
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in increasing the etch resistance in O2 and SF6 processing
plasmas, i.e., reducing its etch rate of CAPRF-3 by up 1
at a loading around 10%. In comparison the loading
PMMA induces higher etch resistance compared to the
loaded PMMA. This is because CAPRF-3 already has
creased resistance as a 193 nm resist containing isoborn
its composition. Notice the fast initial drop of the etchin
rate for small amounts of additive, and the subsequent qu
linear reduction. The same nonlinear initial fast reduction h
been observed before, when various acrylate and cyclic~etch
resistant! acrylate copolymers were synthesized.9 The reduc-
tion observed in practice is actually better than what
shown in Fig. 1, because a heating of our samples du
etching is possible. Such a heating above the glass trans
temperature (Tg) could increase the etching rates of pol
mers with high additive content, which probably have
lower glass transition temperature due to the plasticizing
fect of the organic additive.

Contrary to oxygen and fluorine containing plasmas
additives do not significantly affect etch resistance of
CAPRF-3 in CHF3, which is already extremely high. W
have measured CAPRF-3 and PHS etch rates in CHF3 and
have found them to be in the range 40–70 nm/min, ana
gous to the corresponding SiO2 etch rate.

At the same time, absorbance spectra of loaded CAPR
indicate that the absorbance of CAP with 10% loading
being kept at acceptable levels allowing for a CAPRF
thickness of up to 440 nm. Notably, most of the absorba
of the CAPRF-3 resist is due to its photoacid generator
not to compound XI~see absorbance increase in PMM
films, Table III!.

B. Etch resistance in Chlorine plasmas used for
polysilicon etching

The etch resistance additive XI was tested at 10% load
in CAPRF-3 resist, which was etched in a standard polys
con gate etching recipe~main etch with Cl2/HBr/O2), in a
LAM TCP reactor, in IMEC, Belgium. Table IV shows th
results of etching for one minute. A large reduction of t
etching rate of the experimental resist is seen.

Etch resistance enhancement in the Cl2/HBr/O2 environ-
ment is more impressive compared to the other plasma e
ronments. This demonstrates that the use of novel ant
derivatives as additives can be a viable and promising
proach for etching resistance enhancement.

C. Discussion of the results using empirical etching
parameters

The etching behavior of photoresists with and witho
etching resistance additives was analyzed in terms of the
known empirical parameters, namely the Ohnishi numb
and the Ring Parameter. A small Ohnishi number and a la
Ring Parameter signify a high etch resistance, i.e., a sm
etching rate. For copolymers the Ohnishi number or~the
Ring Parameter! of each polymer is found and a summatio
based on the weight fraction of each polymer in the copo
mer is done.10 When an additive is used, the Ohnishi numb

e-

e
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TABLE IV. Standard polysilicon-gate main-etch data of resist CAPRF-3 and CAPRF-3 loaded with addit

Resist formulations
Initial film

thickness~A!

Film thickness
upon etchinga

~A!

Film thickness
loss/etching
rate ~A/min!

Film thickness
loss ~%!

CAPRF-3 without additive 3200 2200 1000 31.25
CAPRF-3 with 10% additive XI
~see Table III!

3420 2900 520 15.20

NRF without additive 3250 2600 650 20.00

aEtching time equal to 60 s.
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~or Ring Parameter! is calculated based on the weight fra
tions of the polymer and the additive and their correspond
Ohnishi number~or Ring Parameter!. In general since the
additives have small Ohnishi numbers and large Ring par
eters this leads to higher etch resistance. We have also
mole fractions to calculate the parameters of the copolym
and the total blend when additive is loaded, and obtai
similar results.

In addition to PMMA, loaded PMMA, CAPRF-3 an
loaded CAPRF-3, we also measured the etching rate
poly~4-hydroxy styrene! ~PHS!, partially ~20%! hydroge-
nated PHS~h.PHS!, a negative-tone~meth!acrylate-based
193 nm photoresist~NRF!,11,12 an epoxy-novolac base
e-beam resist~EPR!,13 PHEMA @poly~hydroxy ethyl meth-
acrylate!#, and PHPMA @poly~hydroxy propyl methacry-
late!#. NRF, and EPR are both photoresists developed in
laboratory. Table V lists relevant Ohnishi and Ring para
eters. Table V clearly shows that the etch resistance addit
have smaller Ohnishi and higher Ring parameters comp
to the most etch resistant polymer~PHS!. Thus, with addition
to any polymer system etch resistance is expected to be
proved.

Figure 2 shows the etching rate in RIE conditions norm
ized to the etching rate of PHS versus the Ring Paramete
the various loaded PMMA films. The top figure is for O2

plasma, and the bottom for SF6 plasma. All the commercia
and novel additives described in Tables I–III, some of th
at different loading~5%–15%! have been included in Fig. 2
A straight line is drawn as a best fit for the PHS, and u
loaded PMMA, PHEMA, and PHPMA data. Clearly a stron
super-linear reduction of the etching rate is observed ve
the Ring Parameter of the film, indicating that the propos
additives can impact a high etch resistance at small load
A similar behavior for both etchant gases is observed.

The super-linear etching rate reduction discussed in Fi
for RIE conditions, has already been shown in Fig. 1 for I
conditions. The data of Fig. 1 are redrawn in Fig. 3, toget
with the etching rates of other tested resist materials un
ICP conditions. Figure 3 shows the normalized etching r

TABLE V. Ohnishi and ring parameters for some of the materials tested

Materials/
parameters

Additive XI
See Table III PHS NRF

CAPRF-3 with
10% additive XI CAPRF-3 PMMA

Ohnishi O 2.25 2.43 4.92 4.35 4.64 5.00
Ring R 0.78 0.60 0.21 0.20 0.13 0.00
tronics and Nanometer Structures
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in O2 ~left! and SF6 ~right! plasmas versus the Ring Param
eter~top! and the Ohnishi number~bottom!. It is again clear
that the data points for the loaded PMMA and CAPRF
resist are well below the line connecting the PHS and
loaded PMMA points~solid line!, and a super-linear reduc
tion of the etching rate is seen. It is quite interesting to n
that the slope of the line connecting the PHS–unload
PMMA points for O2 plasmas is very similar to the slop
observed in Cl2 plasmas9 ~i.e., the normalized to PHS etc
rate seems to be proportional to 0.42*ON!. Notice also that
for O2 plasmas the ICP and RIE relative etching rates

FIG. 2. Etching rate of PMMA films loaded with different additives at di
ferent loading~see also Tables I–III! in a reactive ion etcher in oxygen~top!
and SF6 ~bottom! plasmas. Etching conditions similar to Table I. Etchin
rates have been normalized to the etching rate of PHS under similar co
tions ~1520 A/min and 1565 A/min in O2 and SF6 plasmas, respectively!. A
strong ~super-linear! reduction of the etching rate is observed. Differe
symbols stand for different loading; circles 5%, diamonds 7.5%, triang
10% and crosses 15%. Points corresponding to 15% have large scatte
to difficulty in dissolving in PMMA solution.
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FIG. 3. Etching rate in a high-density plasma reactor in oxygen plasma~left! and SF6 plasma~right! of various photoresist polymers normalized to the etchi
rate of PHS, versus the Ring Parameter~R! ~top! and the Ohnishi Parameter~ON! ~bottom!. Multiple symbols correspond to polymers with different loadin
of etch resistance additives~see also Fig. 1!. Solid lines connect PHS and unloaded PMMA points. Dashed lines are best fits. Conditions: Alcatel ME
reactor, gas flow 100 sccm, top power 600 W, bias 100 V, electrode temperature 15 °C, pressure 10 mTorr. In oxygen plasmas: Etching rate of5195
nm/min. In SF6 plasmas: etching rate of PHS583 nm/min. Note to Fig. 3: For completeness we report the four best fits~dashed lines! for the etching rate~ER!
normalized to PHS: O2 plasmas: versus R, ER52.1360.032~1.8860.08!R with regression coefficient 0.987; and versus ON, ER520.0260.121~0.41
60.03!ON with regression coefficient 0.97. In SF6 plasmas: versus R, ER52.5160.252~0.28460.72!R with regression coefficient 0.81; and versus O
ER520.5560.771~0.5660.18!ON with regression coefficient 0.73.
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PMMA are very similar~around 2.5!, while for ICP in SF6
the relative etching rate of PMMA is higher~more than 3!.

For CAPRF-3 after the initial super-linear etching ra
reduction the data seem to be on a straight line with a sma
slope compared to the PHS-PMMA line~i.e., between 0.3
and 0.4 for the Ohnishi plot!. The value of the slope ap
proaches 0.29, as discussed for Cl2 plasmas and for multi-
ring polymers.9 We have also drawn the best fit lines~dashed
points! to all our data to demonstrate and predict the i
provement offered by the additives, which although sup
linear at small loading, might approach a linear improvem
with respect to the Ohnishi or the Ring parameters at hig
loading.

IV. PRELIMINARY IMAGING WITH 193 nm
PHOTORESISTS LOADED WITH ETCH
RESISTANCE ADDITIVES

Our experimental 193 nm acrylate-based photoresist C
PRF was used in two versions:~1! with 10% additive XI~see
Table III!, and 2% photo-acid generator~PAG!, version
CAPRF-2-10XI;~2! without additive and 3% PAG, versio
J. Vac. Sci. Technol. B, Vol. 21, No. 1, Jan ÕFeb 2003
er

-
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t

er
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CAPRF-3. The two resist versions had different PAG co
centrations to ensure equal absorbencies. Exposures
done with an ASML 193 nm scanner at IMEC~Belgium!
with a binary mask. Preliminary results are shown in Fig.
The development process of CAPRF, and the resist ver
were not optimized, while the access time to the 193
scanner was limited. Thus, resist profiles were not vertic
and the patterns shown are overexposed to compensat
the nonoptimized development. Nevertheless, high resolu
was obtained for both versions.

Comparison of the lithographic results of the two res
versions~with and without additive! showed no loss of reso
lution capability or imaging quality, at least for the level o
magnification shown. Only small shifts in sensitivity and d
velopment time were observed, also caused by the diffe
PAG content of the two versions. This is a first indicatio
that the proposed additive can be used in photoresists
high-resolution imaging and high etching resistance. Ho
ever, incorporation of the additives into a proven hig
resolution optimized photoresist should be done in the fut
to confirm the results shown.
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V. CONCLUSIONS

We have shown that the proposed additives can in p
ciple be used for photoresists requiring etch resistance
hancement. The requirement for etch resistance enhance
is that the Ohnishi number of the additives is lower co
pared to the original photoresist, or in other terms, the R
Parameter of the additive is higher compared to the ring
rameter of the original photoresist. The advantages, wh
the synthesized compounds provide as resist property m

FIG. 4. SEM images of lines and spaces of CAPRF-3 resist exposed w
binary mask on an 193 nm scanner. Top: 140 nm resist lines of CAPR
without additives at 2.5 mJ/cm2. Bottom: 140 nm resist lines of CAPRF-2
10XI with 10% additive XI ~see Table III! at 10 mJ/cm2. In both cases
patterns are overexposed, the development process and the resist thic
are nonoptimized resulting in novertical side-walls and some footing. H
ever, they seem to indicate no adverse effect of the additive.
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fiers, are the following:~1! Sublimation is substantially re
duced compared to additives with only one polycarbocy
moiety. PMMA loaded with additives has been tested up
160 °C and no sublimation was observed;~2! etch resistance
enhancement is substantial at relatively low loading;~3! ab-
sorption characteristics can be tuned by selecting suita
polycarbocyclic and functional groups;~4! compatibility
with common resist materials can be achieved by selec
suitable composition and functionalization;~5! many com-
pounds of the above family are especially suitable for use
193 nm and EUV resists keeping tolerable absorbance
loading of 5%–10% and providing substantial etch resista
enhancement.
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