
W
ith immersion lithogra-
phy gaining accept-
ance, 193 nm lithogra-
phy is being investigat-
ed for use in sub-65 nm
technology nodes. As
feature sizes continue

to shrink, thin imaging layers are required
to deliver high resolution and sufficiently
wide process windows. Therefore, the
etch selectivity in pattern transfer be-
comes a critical concern.

Several different types of processing
schemes have been proposed to meet the
increased etch resistance demands, in-
cluding multilayer resist (MLR) and bilay-
er resist (BLR) process-
es. One of the most de-
sirable aspects of the
MLR process is that it
typically uses a single-
layer resist for imaging.
An underlying, ultrathin
inorganic layer acts as a
hard mask during the
etch pattern transfer
step. This hard mask lay-
er can be a silicon-con-

taining, spin-coatable polymer or CVD
film. The third layer is typically an organ-
ic film. The key disadvantage to MLR ap-
proaches is the complexity that arises
from the need for three separate layers
and the requirement to integrate the pro-
cessing steps for good imaging and pattern
transfer.

The bilayer approach is a promising al-
ternative to the MLR scheme. Various
types of BLR systems have been devel-
oped and previously reported involving
acrylate,1,2 cyclic-olefin maleic anhy-
dride,3,4 vinyl ether maleic anhydride5,6

and poly(silsesquioxane)7-10 resist plat-
forms. All the chemistries developed in

these studies have ad-
vantages as well as limi-
tations. The two proper-
ties of primary concern
are etch resistance and
image resolution. Opti-
mization of the etch re-
sistance typically has
been achieved by in-
creasing the weight per-
cent of silicon in the
polymer.11 Image reso-

lution has been obtained by balancing the
various chemical components and func-
tionalities within the polymeric system,
such as the amount of protecting group
and base solubilizer.

Another important polymer property of
interest is the glass transition temperature
caused by the predominate use of the
chemical amplification mechanism for
image formation. The desire has been to
develop a high-silicon-content polymer
backbone that has not only the same im-
age-forming properties as a well-under-
stood single-layer resist, but also the ability
to resolve fine images for film thicknesses
approaching 50 nm. This is only possible
by adjusting the polymer structure to give
both resolution and high etch resistance.

Outgassing of silicon-containing com-
ponents during 193 nm exposure is a ma-
jor concern of silicon-containing poly-
mers and the topic of many research stud-
ies.8,12-15 Pendant silicon groups can be
cleaved during exposure, causing silicon-
containing moieties to outgas and possibly
deposit on the optics of the exposure tool.4
However, poly(silsesquioxane)-based pho-
toresists are not prone to outgassing be-
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cause of the incorporation of silicon in
the polymer backbone and bonding to
multiple oxygen sites within the polymer
structure.8

Working in close collaboration, lithog-
raphy experts at TOK and silicon chemis-
try experts at Dow Corning developed a
high etch resistant, high glass transition
temperature (Tg ~135°C) BLR system ca-
pable of imaging films as thin as 50 nm,
while maintaining the ability to transfer
the images to the thick underlayer during
the etching step. Silicon contents of >23
wt% were effectively incorporated into the
polymer backbone by optimization of the
silsesquioxane (SSQ)-based structure. As
with other poly-SSQ-based polymer sys-
tems, placement of silicon into the poly-
mer backbone allows the incorporation of
very high levels of silicon, with no de-
tectable levels of outgassing, which will
be shown.

The structure and composition of SSQ-
based resin were determined (Fig. 1).
High-silicon-content resins were formu-
lated, and the values of n, m, x and y,
ranging from 0.0 to 0.5, were optimized
for best lithographic performance. For ex-
ample, a unique base solublizer was se-
lected not only to maximize dissolution
rate upon exposure, but also to provide
high silicon content.

Etch resistance 
The optimized resin system has a silicon
content of ~23 wt%, and the formulated
resist has a silicon content of ~21.5 wt%.
The silicon-containing ratio was higher
than that of currently reported SSQ-back-
boned BLRs.8-10 Etch rate by O2/N2
(60/40) gas in an ICP chamber demon-
strated gradual saturation. Resins with
>15 wt% silicon are etch-resistant enough
for pattern transferring to the phenol-
based bottom layer. For the resist with the

silicon content of 21.5 wt%, the initial
etch rate of the resist is 11 nm/min (first
60 sec), and the etch rate of bottom layer
is 127 nm/min (first 60 sec).

In actual etching of the bottom layer,
the etching time is longer than it was in
blanket etch tests. In the case of a 300 nm
thickness of bottom layer, 144 seconds
were needed to clear the film under our
standard etching conditions. The etch rate
of the bottom layer was found to be inde-
pendent of etching time and almost con-
stant. On the other hand, the etch rate of
the silicon-containing resist strongly de-
pends on etching time. For example, dur-
ing the first minute, the average etch rate
was determined to be 11 nm/min, but dur-
ing the second minute, the etch rate aver-
aged 7 nm/min, and during the third
minute, the average etch rate was 5.5
nm/min. From these results, the selectivity
was determined to be ~20:1 just as the film
cleared. Even at a 50 nm thickness for the
imaging layer, the etching tolerance (re-
sistance) was high enough for pattern
transferring to a 210 nm bottom layer.

Figure 2 demonstrates the resist’s supe-
rior etch resistance and pattern-transfer
capability. A 90 nm thick film at a pattern
size of both 110 nm and 70 nm could be
effectively transferred to the 225 nm bot-
tom layer with a loss of only 11 nm of pho-
toresist. The transferred CD is within 5
nm of the imaged top layer.

Outgassing concerns
Outgassing exists almost unavoidably in
all ArF lithographic processes because the
6.4 eV (193 nm) photon energy is high
enough to activate organic photochemi-
cal reactions that are not possible at
longer wavelengths. This may not be a
major concern for single-layer applica-
tions, since the low-level organic species
can be purged with nitrogen. On the oth-

er hand, outgassing remains one of the
main concerns for the implementation of
a bilayer lithographic process in produc-
tion, because the silicon species generat-
ed during irradiation could potentially
contaminate the optics irreversibly. Re-
cent studies,8-10,14 however, have shown
that the structure (or location of silicon
atoms) within the silicon-based polymer is
critical to the outgassing of silicon species
during the UV exposure, and that no de-
tectable outgassing of silicon is observed if
silicon is incorporated into the polymer
backbone as in SSQ-based resins. The
outgassing study in this report was per-
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1. Chemical structure of the new class of
silsesquioxane-based resin (1) and two other
polymers used in these studies (2 and 3).

2. Patterning of 110 nm lines/spaces (L/S, top)
and 70 nm lines with 265 nm pitch (bottom). 
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formed to confirm that the developed
SSQ-based resists have little or no out-
gassing compared to silicon-containing
resists in which silicon species are con-
tained in pendant group positions.

Outgassing experiments were carried
out for the SSQ-based resist (1), along
with model resist compounds shown in
Figure 1. The polymers (2) and (3) con-
sisted of acrylate-polymer backbone with
a siloxane or a silane (silicon) pendant
group, respectively. On the other hand,
the polymer (1) is an SSQ-based resin
with silicon incorporated into the back-
bone. The polymers were formulated with
photo acid generators (PAGs), quenchers
and other additives in the solvent propy-
lene glycol methyl ether acetate (PG-
MEA). For outgassing studies, the films

were cast on bare silicon wafers, followed
by baking at 85-110°C for 90 seconds.

Outgassing species were observed for
all three samples cast from polymers 1-3
because of the deprotection chemistry
that occurred on UV exposure. The major
species detected were organic fragments
and/or derivatives of the protection groups
(isobutene or cyclohexene and their de-
rivatives or isomers, etc.), PAGs (benzene,
sulfonium salts, etc.), and quenchers
(amines, etc.).

However, what set apart the
three polymers studied were
the silicon species detected
(Fig. 3). For polymers 2 and 3,
significant silicon species
were detected on irradiation,
corresponding to 1.33 � 1012

molecules/cm2 and 2.12 �
1011 molecules/cm2, respec-
tively. For polymer 1, no sili-
con species was detected us-
ing the gas chromatography
mass spectrometer (GCMS)
used throughout this study.

The major species detected upon 
exposure were hexamethyldisiloxane
((CH3)3SiOSi(CH3)3) for 2 and fluoro-
trimethylsilane ((CH3)3SiF) for 3. These
observations are consistent with their mo-
lecular structures, and are in good agree-
ment with other literature reports.

Lithography performance
Our ArF BLR platform demonstrated
good etching capability. We optimized
the resist formulation for 100 nm thick-
ness with a resin platform that has >20
wt% silicon content. This platform was
evaluated with a trench pattern. Figure 4

shows the 80 nm line and space (L/S) pat-
tern using a 100 nm top resist on a 250
nm thick bottom layer with 0.78 NA di-
pole illumination. The depth of focus was
almost comparable to that of an ArF sin-
gle-layer resist, with linewidth roughness
(LWR) of <5 nm (3�=4.6 nm, Fig. 5).

We also studied the possibility of using
BLR for immersion lithography. We used
the same resin platform with the resist
coated at 60 nm (85°C bake) thickness on

a 250 nm thick bottom layer. After coat-
ing, the resist film was exposed with a 
193 nm two-beam interference exposure
system (Nikon LEIES 193-1). DI water
was used as fluid media. The 45 nm lines
and spaces were patterned for a calculated
NA of 1.07 (Fig. 6).

To confirm the capability of pattern
transfer with immersion, etching was
demonstrated on a 55 nm L/S pattern.
Figure 7 shows post-develop and post-etch
results.

Conclusions
Collaborative work between two compa-
nies gave rise to a new class of SSQ-based
resists with high silicon content for bilayer
applications at 193 nm. The lithographic
evaluation showed that the lithographic
performance was good, but with much
higher etching resistance, lower LER and
higher etch selectivity to the bottom layer
than was achieved with previous bilayer
approaches. We also demonstrated that an
imaging layer of 60 nm was thick enough
to allow for the pattern to be transferred to
a 210 nm bottom layer. A 45 nm L/S pat-

tern was achieved under im-
mersion lithography condi-
tions for a calculated NA of
1.07, and a 55 nm etched pat-
tern could be observed.

In addition, for these SSQ-
based resists, there was no sili-
con outgassing species detect-
ed when exposed to 193 nm
light. •
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3. Only the new resist, with silicon in the back-
bone of the polymer, had no detectable levels of out-
gassing on 193 nm irradiation.

4. 80 nm
L/S using a 
100 nm sili-
con-based top
resist and 210
nm bottom 
layer (0.78 
NA dipole
illumination).

5. Depth of focus is quantified, and
the linewidth roughness is <5 nm
(3��=4.6 nm).
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7. 55 nm L/S after first layer patterning (top) and after etch (bottom). 

6. 45 nm L/S pattern using a dual-beam interfer-
ence exposure system (calculated NA=1.07).
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