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Femtosecond Laser Lithography for Maskless PR Patterning
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Development of maskless lithography techniques can provide a potential solution for the
photomask cost issue. Furthermore, it could open a market for small scale manufacturing
applications. Since femtosecond lasers have been found suitable for processing of a wide range
of materials with sub-micrometer resolution, it is attractive to use this technique for maskless
lithography. As a femtosecond laser has recently been developed, both of high power and high
photon density are easily obtfained. The high photon density results in photopolymerization of
photoresist whose absorption spectrum is shorter than that of the femtosecond laser. The
maskless lithography using the two-photon absorption (TPA) makes micro structures. In this
paper, we present a femtosecond laser direct write lithography for submicron PR patterning,
which show great potential for future application.
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Fig. 1 Femtosecond laser processing system
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Photoresist cozting and pre-baking  Femtosecond faser ablation of coated photoresist
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Fig. 2 Schematic diagram of PR patterning methods: (a)
conventional optical lithography, (b) fs laser direct
ablation and (c) fs laser lithography
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Fig. 3 SEM image of PR patterns directly ablated by
femtosecond laser pulse with a pulse energy of
800nJ and scan speed of 50pm/s
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Fig. 4 Dependence of lithography hole width on (a) laser
pulse energy at 100 and 1000 pulse shot and (b)
number of pulses at a laser pulse energy of 60 and
120nJ, respectively
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Fig. 5 SEM images of PR patterns fabricated by a fs laser

lithography: (a) line patterns and (b) circular
patterns at a laser pulse energy of 65nJ and a
writing speed of 10pm/s, and (c) dot patterns at a
laser pulse energy of 60nJ and a pulse number of
1000
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