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Production of high density integrated circuits by 
electron-beam l i thography relies heavily upon polymer 
resists for pa t te rn  delineation. Although there are 
many  negative resists (1) known, far fewer positive 
e-beam (1) resists have been found. In  this commun-  
ication, we report  positive e-beam resist behavior 
for po ly(methy l  a-chloracrylate)  homopolymer. Pre-  
vious radiat ion experiments  (2, 3) with this mater ial  
indicate that this polymer undergoes radiat ion degra-  
dation at a fairly high rate per uni t  radiat ion dose. 

Methyl a-chloracrylate monomer  was purchased 
from Polysciences, incorporated, and was vacuum 
distilled before use. Po ly(methy l  ~-chloracrylate) 
(PMCA) polymer was synthesized by conventional  

azodi- isobutyroni tr i le  free-radial  induced polymeri -  
zation (4). The polymer was fractionally reprecipitated 
twice from dimethyl  formamide using methanol  as 
nonsolvent.  The result ing polymer had a number  
average molecular  weight (MN) of 125,000 as deter-  
mined by membrane  osmometry, and a polydisper-  
sivity of 2.6 as determined by gel permeat ion chroma- 
tography. 

Elect ron-beam exposures were made with an AMR- 
90(} scanning electron microscope operating at 10 kV, 
which was modified for raster scan pat tern  control 
with a flying spot scanner. The beam diameter  was 
1000A. The electron dose was measured with a Fara-  
day cup. The electron exposure charge density mea-  
surement  was checked against the known sensit ivity 
of PMMA using the standard developer (5). The test 
pat terns consisted of sequential  groups of lines with 
varying exposure densities; l ine widths were typically 
1-2 ~m with 1-3 ~m spacings. 

Electron-etched lines in PMCA films dissolved much 
faster than the unexposed resist when subjected to 
developer solutions. This occurs because the molecular 
weight of the i rradiated polymer is much smaller (3) 
than that of the polymer in the unexposed region. 
The dependence of dissolution rate d upon polymer 
molecular weight has been shown to be (6) 

cI = K M  -A 

where M is the molecular  weight, and K and A a r e  
Constants. Although polymer solubili ty may change 
with radiat ion exposure,  it is the dissolution rate that 
is most impor tant  for l ine development  in positive 
resists. Table I lists l ine exposure charge densities 
employed for representat ive l ine groups in this study. 
Figure 1 is an SEM photograph of representat ive 
developed lines. 

The e-beam developer composition is a very im-  
portant  consideration, but  its selection is not scientif- 
ically clear-cut  .Of the many  developer solution com- 
positions tried, two were fairly good. The first, a 1:1 
CHC1JCC14 mixture,  developed the lines, but  with 
l ine edge blotchiness. The second, 1: I CHC1Jisopro- 
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Table I. Development charge densities and remaining resist 
thicknesses for PMCA positive e-beam resist samples 

Exposure  
deve lopment  Remain- Devel-  

charge  ing res ist  opment  
density,  thick- t ime,  

Resist  C /cm 2 ness,  A Deve loper  min 

PMCA 5.3 x i0 -e 3400 ----- 300" I : i  CHCIJCCI~** 27 
PMCA 1.0 x i0 -B 3500 -- 300* I: 1 CHCh/CCh** 17 
PMCA 8.4 x 10 -6 2700 "4- 300t 1:1 CHCI~/IPA 40 
PMCA 6.5 x 10 -8 2600 • 300t 1:1 CHCl~/IPA 91 
P M M A  5 x 10 -5 5400 "4- 3005 1 :3  M E K / I P A  1.5 

* original resist  th ickness  3700 -4- 400A and measured  by scan- 
ning electron microscope.  

** Blotchy and poor l ine edge deve lopment  which  was  improved 
by replacing CCh nonsolvent with IPA. 

Original resist thickness 3900 ----- 300A and measured  by scan- 
ning electron microscope. 

J; Original resist  th ickness  6000 • 300A. 

panol (IPA),  was an improvement  over the first 
developer, but  some unexposed polymer surface rough-  
ness was apparent. Isopropanol is probably a bet ter  
nonsolvent  f o r  PMCA, because its larger molecular  
size could restrict molecular permeation of nonsolvent.  

Our e-beam development  charge densities indicate 
that PMCA is a significantly more sensitive resist 
than PMMA (see Table I).  These findings are consis- 
tent with the higher observed radiat ion degradation 
susceptibilities (2, 3) observed for PMCA with respect 
to PMMA in other types of experiment.  Since the 
only difference between PMMA and PMCA is the 
subs t i tu t ion  of C1 for CH8 at the a-acrylate group, 

Fig. 1. Developed electron-beam etched lines in PMCA at 3800X.  
The substrate is a silicon wafer with a 4000.~. thick oxide and the 
exposure dose is 8.4 X 10 -6  C/cm 2. The other sample conditions 
are found in Table I and text. 
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the increased sens i t iv i ty  in PMCA must  be a t t r ibu ted  
to the  chlor ine subst i tuent .  The high e lec t ronegat iv i ty  
for ch]orine is wel l  known, and i t  is reasonable  to 
expect  a weaken ing  of the ma in -cha in  C-C bond 
by  e lec t ron polar iza t ion  toward  the ha logen subs t i t -  
uent  (3). 
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