
Mid-infrared Resonant Laser Swelling

of Biocompatible Polymers

Gorevoy A.V.1,2,@, Smirnov N.A.1,2, Paholchuk P.P.1,2,
Rimskaya E.N.1,2, Gulina Yu.S.1,2, Zhu J.1 and
Kudryashov S.I.1,2

1 Lebedev Physical Institute of the Russian Academy of Sciences, Leninsky
Avenue 53, Moscow, 119991, Russia
2 Bauman Moscow State Technical University, 2nd Baumanskaya Street 5,
Moscow, 105005, Russia

@ a.gorevoy@lebedev.ru

Laser swelling is based on the local expansion of polymers irradi-
ated with laser intensities below the ablation threshold, allowing for
surface shaping while maintaining optical-quality roughness without
post-processing such as wet etching. We used resonant (C–H bonds
stretching) near-surface absorption of mid-infrared (3.2–3.5 µm)
laser pulses in biocompatible polymers (polymethylmethacrylate,
polydimethylsiloxane, hydrophobic acrylic) to form smooth trans-
parent convex (gaussian-like profile) and flat-top tracks with 7–
100 µm width (FWHM) and up to 2.7 µm height (top-view phase
change about 12 rad at 633 nm) following freeform trajectories on
the surface of the sample and confirmed the tehcnological potential
of the method by writing a 20 µm-period sinusoidal phase diffraction
grating. The onset of swelling was related to reaching the glass tran-
sition temperature in the center of a 5–10 times wider laser-heated
material redistribution zone, also characterized by a permanently
reduced refractive index and the absence of chemical changes de-
tected by Raman microspectroscopy. The technique is perspective
for precise manufacturing of dye-free biocompatible polymer phase
micro-optic elements including intraocular lenses, flat optics, com-
pound eyes, and other microimaging systems.
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