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We report on a transmittance controlled photomask with phase patterns on the back quartz surface. Theoretical analysis for
changes in illumination pupil shape with respect to the variation of size and density of backside phase patterns and experimental
results for improvement of critical dimension uniformity on a wafer by using the transmittance controlled photomask are pre-
sented. As phase patterns for controlling transmittance of the photomask we used etched contact-hole type patterns with 180° rel-
ative phase with respect to the unetched region. It is shown that pattern size on the backside of the photomask must be made as
small as possible in order to keep the illumination pupil shape as close as possible to the original pupil shape and to achieve as
large an illumination intensity drop as possible at a same pattern density. The distribution of illumination intensity drop suitable
for correcting critical dimension error was realized by controlling pattern density of the contact-hole type phase patterns. We
applied this transmittance controlled photomask to a critical layer of DRAM (Dynamic Random Access Memory) having a 140-
nm design rule and could achieve improvement of the critical dimension uniformity value from 24.0 nm to 10.7 nm in 30.

OCIS codes : 220.3740, 220.4000.



