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Summary 

Poly-2,2,2-trichloroethylmethacrylate was irradiated with 60Co-y-rays 
and 16 MeV electrons. The i00 eV yields for main-chain scissiom and cross- 
linking were determined as G(S) = 3.7 and G(X) = 0.03, respectively. Nei- 
ther dose rate (1.6 x I01 to 5 x i0 I0 rad/s) nor temperature changes (25 
to 165~ influenced the radiation chemical yields. At 165~ thermal cross- 
linking commenced to compete with radiation-induced main-chain rupture. 

Introduction 

Recen t ly ,  p o l y - 2 , 2 , 2 - t r i c h l o r o e t h y l m e t h a c r y l a t e  (PTCEMA) has  a t t r a c t e d  
the  i n t e r e s t  of r e s e a r c h e r s  work ing  in the field of e lec t ron  beam a nd  X - r a y  
l i t h o g r a p h y .  TADA (1979) r e p o r t e d  tha t  PTCEMA tha t  had been  thermal ly  
c ro s s l i nked  at 200~ p r io r  to i r r a d i a t i o n ,  exh ib i t ed  - in te rms of l i t h o g r a -  
phic p r o p e r t i e s  - a s e n s i t i v i t y  towards  fas t  e lec t ron  beam i r r a d i a t i on  abou t  
40 times h ighe r  t h a n  tha t  of po lymethy lme thac ry la t e  which is c o n s i d e r e d  a 
s t a n d a r d  among p o s i t i v e - w o r k i n g  r e s i s t s .  More r e c e n t l y ,  2, 2, 2 - t r i ch lo ro -  
e thy lme thac ry l a t e  was r e p o r t e d  to be an a pp r op r i a t e  comonomer in copoly-  
mers  tha t  c ro s s l i nk  p r i o r  to i r r ad ia t ion  and  possess  a h igh  rad ia t ion  s e n s i -  
t iv i ty  in X - r a y  l i t hograph ic  p roce s se s  (ASMUSSEN et al. 1983). Accord ing  
to TADA (1979), e l ec t ron  beam i r r ad ia t ion  causes  p r e d o m i n a n t  ma in -cha in  
sc iss ion a n d ,  t h e r e f o r e ,  so lubi l iza t ion  of thermal ly  c ros s l i nked  PTCEMA at 
e x p o s u r e  doses lower t han  25 ~C/cm 2 (ca.  60 Mrad at a r e s i s t  t h i c k n e s s  of 
0.5 ~m), b u t  addi t iona l  c r o s s l i n k i n g  at h i g h e r  a b s o r b e d  doses .  

The aim of the  p r e s e n t  work was to gain some f unda me n t a l  knowledge  
abou t  the  rad ia t ion  chemis t ry  of PTCEMA. For th is  p u r p o s e  i t  a p p e a r e d  ap-  
p r o p r i a t e  to i n v e s t i g a t e  the  behav io r  of the l i nea r  ( n o n - c r o s s l i n k e d )  po ly -  
mer u n d e r  the  i n f l u e n c e  of 60Co-y - r ay  and  of e lec t ron  beam i r r a d i a t i o n .  

In  the  following,  r e s u l t s  c o n c e r n i n g  the rad ia t ion-chemica l  y ie lds  of 
ma in -cha in  sc i s s ion ,  G(S) ,  and  of c r o s s l i n k i n g ,  G(X) ,  will be  r e p o r t e d .  
Moreover ,  the  i n f luence  of a b s o r b e d  dose ra te  and  t e m p e r a t u r e  on the r a -  
dia t ion chemical b e h a v i o r  of PTCEMA will be  deal t  with.  

Exper imenta l  Par t  

Poly-2,2,2-trichloroethylmethacrylate (PTCEMA) was synthesized by free 
radical polymerization at 60~ using AIBN as initiator. The polymer was re- 
precipitated twice from tetrahydrofuran solution with n-hexane. Weight ave- 
rage molecular weights were determined in i, 4-dioxane solution by light scatter- 
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ing measurements using an instrument from Chromatix (KMX-6)% For the 
determination of the number average molecular weight in 1,4-dioxane, a 
membrane osmometer (Mechrolab) was used. The initial molecular weights 
were M--w, o = 1.7 x 106 and Mn o = 7.4 x 105 . The molecular weight distri- 
bution was unimodal as indicated by GPC using an instrument from Knauer, 
Berlin. 

The irradiations were carried~out with a 60Co-y-source or a linear ac- 
celerator (Vickers) for electrons (16 MeV). For dosimetry the Fricke dosi- 
meter was used (G(Fe 3+) = 15.4 and 13.0 for y- and electron irradiations, 
respectively). In the case of electron irradiations, a slow pulse rate of 2 
pulses/s was used in order to prevent the sample heating up. 

Results 

(a) Determination of G(S)and G(X) at room temperature 

Fig. 1 shows plots of the reciprocal weight and number-average molecu- 
lar weights vs. the absorbed dose. With the aid of equations (i) and (2) 

~-1 = ~ -I + [G(S)/2 - 2 G(X)] D /i00 N A (i) 
W W,O a 

Mn-- -i = ~n,o-i + [G(S) - G(X)] Da/100 N A (2) 

(NA: Avogadro's number; D a absorbed dose in eV/g) 

the radiation chemical yields were calculated: G(S) = 3.7 scissions/lO0 eV 
and G(X) = 0.03 crosslinks/100 eV. Thus, crosslinking is rather unimpor- 
tant and chain scission occurs quite effectively: G(S) is about 2.5 times 
higher than in the case of PMMA (G(S) = 1.5 :~ 0.2, EGUSA et al. 1979; 
LAI et al., 1978; SCHNABEL et al., 1976). 

Our values are somewhat at variance with those reported by PITTMAN 
et al. (1982): G(S) = 2.7 and G(X) = 0. These authors did not specify 
their method of determining the radiation chemical yields. 

3 ~ ... Fig. 1 
i Irradiation of PTCEMA in ~ 2 __O ~ O  
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Ib) Irradiation at higher temperatures 

The glass transition temperature of PTCEMA lies at about 138~ Irrad- 
iations of PTCEMA at 143~ in vacuo revealed that the decrease of the 
weight average molecular weight and of the intrinsic viscosity as a function 
of dose is independent of temperature within the experimental error. When 
the polymer was heated for 20 hours at 165~ it became partially insoluble 
due to intermolecular crosslinking. Subsequent irradiation at 165~ caused 
resolubilization as a consequence of main-chain scission. The reciprocal 
weight average molecular weight of y-irradiated polymer samples did not in- 
crease linearly with the absorbed dose as at 25 and 143~ as is shown in 
Fig. 2. The curve measured at 165~ bends off at relatively low doses indi- 
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Fig.2 - The reciprocal weight average molecular weight of PTCEMA samples 
irradiated in vacuo at 25~ and at 165~ vs. the absorbed dose 

cating that thermally induced crosslinking is competing with radiation-induc- 
ed main-chain scission. From these experiments it can be inferred that, in 
the temperature range from 25 to 165~ main-chain scission is the predo- 
minant radiation-induced process. 

(c) Irradiation at different absorbed dose rates 

PTCEMA was irradiated at room temperature in vacuo also with 16 MeV 
electron pulses. In this case, the absorbed dose rate was ca. 5xl010rad/s. 

After irradiation, the intrinsic viscosity En] of the polymer in dioxane so- 
lution was measured. The results are shown in Fig. 3, where one can see 
that the same dependence of [~] on the absorbed dose was found as for 
y-irradiation at an absorbed dose rate of 16 rad/s. From these ~esults it 
is concluded that the radiation-chemical yields G(S) and G(X) do not de- 
pend on the absorbed dose rate. 
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Fig.3 - The intrinsic viscosity in dioxane at 25~ of PTCEMA samples sub- 
jected to electron beam (EB) or 60Co-y-irradiation at room temper- 
ature in vacuo. DR(EB) = 5 x I0 I0 rad/s (O); DR(y-rays)=16rad/s 
(o) 

Discussion 

The results show that the high radiation sensitivity of PTCEMA observ- 
ed in lithographic processes is to some extent, at least, explainable in 
terms of a high G(S)-value. A mechanism explaining the high radiation sus- 
ceptibility of PTCEMA relative to polymethylmethacrylate or polyethylmeth- 
acrylate cannot be derived from the results of this work. However, it ap- 
pears very probable that main-chain scission involves lateral macroradicals 
produced by decomposition of electronically excited carbonyl groups accord- 
ing to reactions (3) and (4) 

CH 3 ~H3 
-~ c H  2 ~ - - c . .  CH 2 -  + o=~-oR <3~ 

I 
~t O ==C--OR 

~H 3 CH 3 7H3 CH3 

--CH 2---~" ---GH 2--~ - ~ --GH2--K3=CH2 + "C-- 1 

O =C-~OR O =G--49 R 

(4) 

Trichloroethyl groups enhance presumably the probability of a-scission ac- 
cording to reaction (3). 

Acknowledgement 

The authors are grateful to Mrs.M.Kajander who carried out the poly- 
merization of TCEMA and to Mr.M.Wilhelm, who maintained the linear accele- 
rator. 



183 

References 

ASMUSSEN,F., CHEN,J.-T., SOTOBAYASHI,H., and SCHNABEL,W., 
DOS DE 32066333 (1983) 

EGUSA,S., ISHIGURE,K, and TABATA,Y., Macromolecules, 12, 939 (1979) 

LAI,J.H. and HELBERT,J.H., Macromolecules, ii, 617 (1978) 

PITTMAN, C.U., WALLACE,E., JAYARAMAN, P.W., and UEDA,M., Pro- 
ceed. 28th IUPAC Symposium, MACRO 83, Amherst (1982) 

SCHNABEL,W. and SOTOBAYASHI,H., Polym. J. 8, 423 (1976) 

TADA,T., J.Electrochem. Soc. 126, 1635 (1979) 

Accepted December 6, 1983 


