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Electron beam lithography is rapidly replacing optical systems in making

master masks with linewidths of 2 pm or above in production environments. It also

provides an excellent means of research in fine line patterning and device

technologies.

In this paper, we investigate the feasibility of making electron beam masks

for the purpose of evaluating Si devices with minimum linewidths of one micron or

less. Two types
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of masks were made. One includes a 4096 bit n-MOS RAM and ring-
1.5 pm design rule and discrete MOSFET's with gate lengths

pm to 1.5 pm. The second was identical to the first except for
size by a factor of 2/3. Electron beam mask making consists
steps: resist coating, prebaking, eléctron beam exposure, wvacuum
the negative resist), developing, postbaking, resist descumming,
and resist removing. Two types of electron resists are used in

a negative resist, and P(MMA-AN), being a positive.

Great care had to be taken throughout the processing to realize good

linewidth control. The vacuum curing effect of PGMA resist was studied over

a wide range of time after exposure. The curing time was adjusted to make

the average linewidth of all the patterns within the mask as close to the design

Value as possible (Fig. 1). The prebaking temperature of PGMA resist had to be

controlled within + 5°C to control the linewidth variation of the resist image

within + 0.05 pm

to vary over + 0.

(Fig. 2). The developed P(MMA-AN) resist linewidth was found

4 ym for development temperature variations of 3% 1°C, so precize
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shown in Fig. 4.

linewidth in the case of PGMA resist.



These results enabled the linewidths of all the masks in this study to be
controlled within + 0.2 pm.

The step and repeat accuracy of the masks obtained, which is well within
+ 0.1 pm, is shown in Fig.5. The typical overlay accuracy of two mask layers,

obtained by the least square fitting of the step and repeat data, is within

0.15 pm in terms of standard deviation. Baking time 10min
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pattern proximity effect.




