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ABSTRACT

Tetracyclododecene (T CD) was employed as a key alicyclic structure because TCD-based resist system with high carbon
content would show better lithographic performance and better etch resistance than norbornene-based ones. Since
hydrophilicity is inherently required in the TCD-based system for good developability, several TCDs functionalized with
hydroxyl group were synthesized by Diels-Alder reaction. Calculation by the group contribution methods was carried out in
order to estimate the hydrophilicity of the TCDs. Several functionalized TCD -al¢- maleic anhydride (MAH) alternating
polymers were prepared by free radical polymerization and the alkaline solubility of those polymers were determined using
DRM. An optimized resist showed good lithographic performances when a conventional illumination (0.63NA, 0= 0.65) is
used with a binary mask. The resist could print 110 nm and 100 nm lines on SiON with good proximity bias and large
focus latitude. The resist also exhibited better etch resistance than norbornene-based resist system under various etch
conditions.
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1. INTRODUCTION

Alicyclic structure is a key component for single layer 193-nm resist materials. A variety of alicyclic resins have been
proposed as a platform chemistry of 193-nm resist material in order to combine high lithographic performance with robust etch
resistance. Alternating polymer system of cyclic olefin -alt- MAH has been one ofthe promising candidates of the platform
resin chemistry since researchers at University of Texas reported '. They also reported in 1998 that new resists containing
t-butyl tetracyclo[4.4.0.1>°.1"""|dodec-3-ene-8-carboxylate (BNC)-alt- MAH alternating copolymer demonstrated etch
resistance superior to that of APEX-E in providing high resolution >. This result is supported by Ohnishi parameter as
shown in Figure 1. They suggested that the resist had a t-topping issue due to excessive hydrophobicity, and improved the
issue by adding a basic molecule as an additive to the resist formulation. They also reported that incorporated free acid
(tetracyclo[4.4.0.17°.17"*|dodec-3-ene-8-carboxylic acid) led their polymer to achieve a finite background dissolution rate, and
resulted in good PED (post exposure delay) stability using reducing the glass-transition temperature of polymer at the same
time’. Free acid would be efective on weakening excessive hydrophilicity, result in good alkaline developability. Thus,
weakening excessive hydrophobicity in the resist system would be effective on drastic reduction of t-topping because insoluble
surface layer is substantially formed due to deficiency of hydrophilicity. Therefore, we investigated the hydrophilicity control
in poly (TCD -a/t- MAH) systems. An improvement, furthermore, in a latent adhesion problem on inorganic substrates
could be obtained.

(D

Norbornene Tricyclodecane Tetracyclod odecene Adamantane
C.Hqo CioH16 CiHqe C1oH1e
Ohnishi Ohnishi Ohnishi Ohnishi
Paramete r=17 [7=2.43 Parame e r=26 1 0=2.60 Parameter=28/12=2.33 Paramete r=26 /10 =2.60

Figure 1. Ohnishi parameter of alicyclic structures.



2. EXPERIMENTAL
2.1. Materials

All TCD derivatives were obtained by fractional distillation ofthe Diels-Alder reaction products between dicycropentadiene
and appropriate dienophiles.  All resins were synthesized by free radical polymerization at 65 °C for 5 hours in tetrahydrofuran
using dimethyl 2,2’ -azobisisobutyrate as an initiator. The precipitated resins after addition ofn-hexane / isopropanol were
filtered, washed with n-hexane, and dried in vacuo at 40 °C for 12 hours. Collected yields were in the range of 40-70 %.
Model resins, functionalized TCD -alt- MAH copolymers, similarly gave the weight averaged molecular weight (Mw = 6K)
and the molecular weight distribution. Several optimized resins based on TCD or norbornene have various molecular weight
in the range of 5K-30K. The molar ratio of each segment of the resins was controlled by the feed ratio of each monomer.

2.2 Measurement

Molecular weight (distribution) of the resin was determined by gel permeation chromatography with a TOSOH HLC-8020
equipped with a refractive index detector (polystyrene standard). Log P calculation was performed by the ChemProp program
involved in Chem Office ver. 5.0, which is molecular modeling program by CamridgeSoft. The group contribution methods
were used in the calculation. Alkaline solubility of resin was determined with a LITHOTEC JAPAN Leap Simu
MODEL-780MKII using 0.8 pm thick resin film that was spin-coated and baked at 140 °C for 60 seconds on a silicon wafer
pretreated with 1,1,1,3,3,3-hexamethyldisilazane (HMDS). Contrast curve of resist was collected with KLA UV1080 using
0.5 pm thick resist film. The film was processed using 130 °C (60 seconds) soft bake temperature and 130 °C (60 seconds)
post exposure temperature and developed with 0.26 N TMAH developer for 40 seconds. The y-value was calculated by the
first approximation. The etch rate of resist under a polysilicon etch process condition has been measured with 9400SE II
using a reactive gas composition HBr / Cl, / O,. The etch rate of resist under a metal etch process condition has been
measured with 9600PTX using Cl, / BCl; / CHFs.

3. Results and Discussion
3.1 Calculation of Hydrophilicity

Log P is one of the numerical values to estimate the hydrophilicity and hydrophobicity of chemicals. In this study the
hydrophilicity of each TCD is estimated by computer aided group contribution methods *. Log P, logarithm of partition
coefficient for n-octanol phase and water phase, is determined as follows;

Log P = Log (C,/Cy)

where C, represents the concentration ofthe solute in water; Cy, represents the concentration in n-octanol. A chemical with
lower log P is considered to be more hydrophilic compound. Hydroxyl group was selected as a key hydrophilic group from
the standpoint of feasibility of synthesis and easiness to control alkaline solubility. In general, carboxylic acid group is
known to be effective for increasing hydrophilicity. It was reported that incorporation of a small amount of carboxylic acid
into resin produced rapid dissolution rate >. Incorporation of carboxylic acid into resin, however, might provide undesirable
dark erosion in the unexposed region, which results in deterioration of contrast, deformation of resist profile, poor adhesion,
and so on. On the contrary, hydroxyl group would certainly allow us to control hydrophilicity owing to its appropriate
alkaline solubility without problems.
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Figure 2. Hydrophilicity of norbornane derivatives functionalized
hydroxyl group. Lower log P means higher hydrophilicity.

The calculation results of norbornane alcohol are summarized in Figure 2. Norbornane derivatives are employed as model
compounds for resist materials for the sake of conciseness of calculation. We focused on two structural factors, the number of
cartbon atoms and hydroxyl classification. First, in order to estimate the effect of the number of carbon atoms on
hydrophilicity, calculation of log P of norbornane derivatives without hydroxyl group was performed (Figure 3). Figure 3
shows that the smaller number of carbon atoms gives the higher hydrophilicity and there are large differences of hydrophilicity
between norbornane I, J, and K having the same number of carbon atoms similarly to a difference between norbornane G and H
having the diferent number of carbon atoms. Disadvantage of quaternary carbon for hydrophilicity is found, for instance.
Then, as for the efiect ofthe hydroxyl classification, calculation oflog P about three types of butanol was carried out; tert-
butanol (0.60), sec-butanol (0.81), and n-butanol (1.01). These values show that higher classification of hydroxyl group
gives polar property; tertiary > secondary > primary. Figure 3 also shows that norbornane J has smaller log P than
norbornane K. In Figure 2, on the contrary, norbornane C has smaller log P than norbornane D in spite of having a similar
structure between norbornane C and K, D and J. This suggests that the advantage of the hydroxyl classification, tertiary,
would be more effective on hydrophilicity of norbornane derivatives than the disadvantage of quaternary carbon.
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Figure 3. Hydrophilicity of norbornan derivatives without hydroxyl
group.

3.2. Alkaline Solubility of Model Copolymers

TCD was employed as a key alicyclic structure because TCD-based resist systems would show better etch resistance than
norbomene-based ones. Several TCDs, functionalized with hydroxyl group, were synthesized by Diels-Alder reaction.
Several functionalized TCD -alt- MAH model polymers were prepared by free radical polymerization in order to examine the
alkaline dissolution characteristics. The alkaline solubility of those polymers was determined using DRM and summarized
in Figure 4. Resin 1 shows the most rapid alkaline dissolution. This result reflects the tendency obtained by the



calculation of hydrophilicity. Some copolymers, however, do not agree with the result of calculation. Resin 3 has higher

solubility than resin 4. There are some reasons for explaining this behavior. One would be that the calculation methods of
log P exclude the concept of surface area, steric hindrance, polarization, and so on. Further, it would be due to the eftect of
carboxyl acid originated from MAH on alkaline dissolution characteristics. In general, MAH undergoes ring opening

addition reaction with alkanol under polymerization, which is supported by FT-IR study ®. This reaction would progress

with hydroxyl classification, primary > secondary > tertiary.
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Figure 4. Alkaline solubility of model copolymers.

Taking advantage ofhigh solubility, an incorporation of 8-hydroxy-tetracyclo[4.4.0.1>°.1"""]dodec-3-ene enable us to reduce
t-topping due to good developability. Further, minimization of protecting group concentration could be designed by
incorporating the appropriated hydrophilic TCD derivative because of enhancing the alkaline dissolution rate in the over-
exposed region. This minimization would achieve good etch resistance as well as the incorporation of alicyclic structure '.

3.3. Dissolution Characteristics of Resists
Figure 5 shows the resist contrast obtained from 193-nm exposures. Resist 1 containing an optimized polymer based on
TCD shows fairly higher contrast (y = 9.73) than resist 2 containing a polymer based on norbornene as expected. A strong

dissolution inhibition in an under-exposed region suggests a successfully produced controlled hydrophilicity, which is
expected to protect unexposed parts against thickness loss in defocusing.
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Figure 5. Contrast curves for resists.  Resist 1 contains polymer based
on TCD and resist 2 contains one based on norbornane.



3.4. Adhesion

Adhesion to various inorganic substrates would be an essential requirement. Table 2 shows contact angle of resists. Resist
1 is fund to have better adhesion than both resist 2 and poly (BNC -a/t- MAH) system. This result suggests that the
polymer based on functionalized TCD have good adhesion to various inorganic substrates.

Table 2. Contact angle of resists.

H,O/° CHL, /°
Resist 1 66.8 34.4
Resist 2 74.2 44.0
poly (BNC-a/t-MAH) 75.6 39.6

3.5. Lithographic Performances

Resist 3 containing an optimized polymer based on TCD, an advanced grade of resist 1, shows superiority in lithographic
performances, as displayed in Figure 6 and Figure 7. Compared with resist 4 containing an optimized polymer based on
norbornane, it is clear that TCD functionalized with hydroxyl group leads us to the good resist profile (Figure 6). When a
conventional illumination (0.63NA, g = 0.65) is used with a binary mask, the resist could print 110 nm and 100 nm lines on
SiON with a good proximity bias and a large focus latitude (Figure 7).

3.6. Etch Resistance

Combining good lithographic performance with good dry etch resistance has been a real challenge in the development of
193-nm resist materials. The normalized etch rate with a JSR advanced KrF resist are tabulated in Table2. Resist 3
exhibits much better etch resistance than resist 4, especially has almost the equivalent etch rate to the advanced KrF resist
under oxide etch condition. Taking into account of the good results in the lithographic performances, our system is suitable
for the device fabrications below 130 nm rule.

Table 3. Etch rate ofresists under various conditions.

Substrate Poly Metal Oxide

Resist 3 1.66 1.23 1.12

Resist 4 2.15 1.50 1.27

JSR advanced KrF resist 1.00 1.00 1.00
CONCLUSION

Calculation of log P for functionalized norbornane derivatives was carried out in order to estimate the hydrophilicity of
functionalized TCDs. Functionalized TCDs were synthesized by Diels-Alder reaction. Various copolymers containing the
functionalized TCD were synthesized by alternating polymerization. Measurement of alkaline solubility ofthe copolymers
gave a trend, which is useful for designing polymer. An optimized resist based on functionalized TCD exhibited good
lithographic performances and a good etch resistance. The obtained results suggested that our system is suitable for the
device fabrications below 130 nm rule.
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Figure 7. Focus latitude of semi-dense features (1L:1.5S) on IBEXN for esist 3. The resists &340 nm thick

(0.63NA,0 = 0.65).



