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The effect of image contrast and dose (averageygipar unit area) on linewidth in
interference lithography (IL) is important in apaltions requiring precise control of
linewidth or requiring good linewidth uniformityPrevious papers [1, 2] have discussed
the effect of image contrast and dose on linewiding an experimental approach that
requires one exposure for each combination of aigagiriod, dose and image contrast.
This leads to a need for a large number of expasWiée describe a novel experimental
method to characterize photoresist behavior, maagsthie same data using a single
exposure (albeit a double-exposure) for each coatioim of period and dose.

The method consists of double-exposing the phatiresing the same image contrast
and dose for both exposures. The substrate iebslightly (1-2 degrees) between the
two exposures. The result is effectively an initgrdistribution with constant period and
dose, but image contrast varying continuously fa@ro to the contrast of the two
individual exposures. Depending on the dose apé of resist used, the developed
pattern will consist of discontinuous slots or 8neBy measuring the length of the slots
or lines, and the period of the pattern in the sdirextion, it is possible to determine the
minimum contrast required for lines to developtfoe given resist, period and dose.
When the contrast is lower than this, either al tbsist develops away, or it does not
fully develop. By measuring the linewidth at aiety of points on the sample it is also
possible to determine the linewidth as a functiboamtrast using a single sample. In
addition, the double-exposure method makes it taglentify the dose where the
linewidth varies least with contrast, which is afrficular interest for many applications.

A Lloyd’s mirror IL system was used to demonstridte double-exposure method with
both positive and negative resists. Conventiagiagle-exposures were performed for
comparison. It was found that the fractional linctév (width/period) is largely
independent of the period, and that the linewidthsigh-contrast regions of the double-
exposed samples match the linewidths obtained fiogie-exposures (where the
contrast is the same). The results were also cadpa a simple, binary-resist model,
revealing important differences between the behafioeal and ideal photoresists.

References:
1. Juan C. Montoya, Chih-Hao Chang, Ralf K. Heilmaand Mark L. Schattenburg,
J. Vac. Sci. Technol. B3, 2640 (2005).

2. A. Bourov, S. A. Robertson, B. W. Smith, M. Ao&m, E. C. Piscani, Proc. SPIE
6154, (2006)

" Presenting author, tbo@nano.mit.edu, 77 Massatthuseenue, Room 36-213, Cambridge, MA 02139



|

Figure 1. Typical result of narrow-angle double exposure test using Ohka THM R-iN PS4 negative
photoresist. Linesaredrawn in theleft portion if the micrograph to indicatetherelative orientation
of the two exposuresthat formed this pattern (the linesindicate wher e the intensity maxima would
have been.) Contrast ishigh wherethetwo patternsarein phase, and dropsto zero wherethe
patternsareout of phase. Slotsform in areas of high contrast. In low contrast areastheresist has
not cleared fully. Spatial period is 500 nm.
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Figure 2. Fractional linewidth obtained with negative photoresist for various combinations of dose
and period. Using the double-exposure method, the linewidths obtained in the high contrast region
(wherethe contrast isequal to the contrast in a single exposure) match the linewidths obtained from
asingle exposure at the same dose. The experimental resultsfollow a curve with the same shape as
predicted by a binary model but shifted by a constant amount.



