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Abstract of Thesis

Electron beam lithography (EBL), which uses electron beams as the exposure source, is used for making
nano-devices such as bio-sensors, and for making masks in semiconductor devices manufacturing. In EBL, a
pattern can be created with the resists that are organic or inorganic polymeric materials which are sensitive to
electrons. Four common resists, ZEP, PMMA, HSQ, and UV3, were used in this thesis. In the first chapter, four
main problems; time delay effect, low speed, low resolution and shrinkage effect, that hinder the fabrication of
suitable devices for future applications were discussed. Solutions for these four problems were studied in the
following chapters.

In chapter 2, the problems of delay effect and low speed were studied. Firstly, the delay effect which means
losing the pattern size at the same dose caused by the time delay between the spin-coating and exposure process,
was studied. A method of using a top coat, that prevents the harmful contaminant in the atmosphere from
diffusing into the resist, has shown to have minimised the effect over a delay time of 12 hours. Secondly, the
problem of low speed in exposure process was discussed. Using an electron beam (EB) energy of 30 keV has shown
to increase the speed about 10 times if compared to the reported method that used a higher energy at 100 keV to
create the same pattern of 20 nm-dense line/space. In chemically amplified resist, a combination of UV3, 5
wt%TPS-tf (acid generator), 5 wt% PiMe (acid amplifier), and 0.1 wt% quencher had found to have a better
performance (about 2.5 times faster) than the bulk UV3 without sacrificing its ultimate resolution of 50 nm-dense
line/space patterns.

In chapter 3, the scattering of electrons which has a great impact on a low resolution pattern in EBL was
studied. The impact of backscattering electrons on patterns was largely reduced using a high dose and a strong
developer, and finally 30 nm-line/space patterns were achieved.

In chapter 4 and 5, the shrinkage effect (the pattern loss in its size upon EB exposure) was extensively studied
for all line/space patterns of the four resists. It has shown that this shrinkage effect not only made it challenging
to accurately determine their original sizes, but also caused the pattern loss in negative tone resists. The
shrinkage effects were different for each type of resists, showing that the chemical structures of the resists
significantly affected the extent of the shrinkage. The shrinkages were bigger when there were more volatile
groups in the products of the chemical reactions. The three positive resists (ZEP, PMMA, UV3) were all changed
to negative tone at a high exposure dose in isopropyl alcohol solution. In conclusion, the shrinkage effect has
shown to occur in every resists and the extent of shrinkage is in a close connection with the main-chain scission
and crosslinking reactions within the resists.

In chapter 6 presented techniques to control the shrinkage. A new method for estimating of the original size
was also introduced to solve the shrinkage problem. We have also introduced a method of finely changing the sizes
of a channel by taking advantage of shrinkage effect. A nano-channel have been changed its width by 12 nm
smaller using the technique.

In this thesis, we have gained a better understanding of the four problems in EBL and have found solutions to
minimise the impacts of the problems. This might bring the possibility of creating accurate devices over a limited

time to meet the requirements of new applications.
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