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Abstract 

 Novel norbornene and [4.2.1.02,5]tricyclononene monomers bearing two 

hexafluoroisopropanol substituents are polymerized with tetrafluoroethylene in solution 

giving amorphous, largely alternating copolymers.  The norbornene copolymer shows 

excellent transparency at 157 nm and a dissolution rate in aqueous tetramethylammonium 

hydroxide that is 100000 times faster than the corresponding polymer with a single 

hexafluoroisopropanol substituent on the norbornene ring.  Intermediate dissolution rates are 

readily obtained using mixtures of the mono- and disubstituted norbornenes.  The 

tricyclononene copolymer is obtained in higher conversion and molecular weight but has a 

higher absorbance at 157 nm and slower dissolution rate.   Partial protection of the 

fluoroalcohol groups as their methoxymethyl derivatives gives photoresist polymers with 

absorbance of 1.0 mm-1 or less which can be imaged at 157 nm using a photoacid generator. 
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Figure 1.  Structures of 157 nm photoresist polymers. 
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Figure 2.  Relative reactivity of NB-F-OH versus NB-di-F-OH in polymerizations with TFE 
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Figure 3.  Polymer dissolution rate of TFE50/NB-F-OHx/NB-di-F-OH(50-x).  �  Luzchem 

TFA-11 measurements.  �  Value extrapolated from TFA-11 measurements using dilute 

developer.  �  TDS 420-L measurements. 
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Figure 4.  SEM of TFE/NB-di-F-OH copolymer with 39 % MOM protection showing 80 nm 

1:2 lines: spaces in 221.5 nm thick film.  Imaging was created using an alt-PSM mask and 

illumination optics having NA = 0.85 and s = 0.7 
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Figure 5.  Contrast curve for a TFE/NB-di-F-OH copolymer with 39 % MOM protection 

showing normalized resist thickness as a function of imaging dose in mJ/cm2. 
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Table 1.  TFE Copolymers of Polycyclic Monomers 

Monomer 

(mole % in feed) 

Conversiona Tg 

°C 

Mn/Mw Compositionb Abc 

NB-di-F-OH (100) 48 % 151  9000/19600 54/46 0.47 

TCN-di-F-OH (100) 72 % 107  21400/48500 54/46 1.30 

NB-F-OH (70) 

NB-di-F-OH (30) 

44 % 149  12400/19400 55/34/11  

NB-F-OH (45) 

NB-di-F-OH (55) 

43 % 149  12600/19900 55/26/18 0.55 

NB-F-OH (25) 

NB-di-F-OH (75) 

54 % 137  6800/18000 54/21/25  

NB-F-OH (20) 

NB-di-F-OH (80) 

60 % 153  16100/22700 54/12/34  

aOf the polycyclic monomer(s), calculated from the isolated yield of polymer and composition 

from NMR.  bMole % as determined by NMR, first number is TFE.  cAbsorbance at 157 nm 


