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Abstract. Conventional three-dimensional optics requires curvature to control the wave front of light thus
making it difficult to reduce the size of the optical systems. Furthermore, for correction of optical aberrations,
complex optical systems comprising more than one lens are used. This adds additional bulk, mass and com-
plexity to the optical systems. Recent development in diffractive optics has enabled new thin lightweight optical
elements such as metalenses. We introduce resonant laser printing technique as a flexible photo-thermal tech-
nology for metalens fabrication with the ability to control the light with microscale precision. Our laser printed
metalenses can be integrated in bio-sensors, bio-imaging systems, and optofluidical devices.

1 Introduction

Optical metasurfaces are arrays of sub-wavelength sized
elements - meta-atoms - enabling precise control of phase,
amplitude and polarization of light [1]. These metasur-
faces are made from metallic (e.g. aluminum [2]) or high-
index (e.g. silicon [3]) nano or micro sized arrays of meta-
atoms that gives the surface unique optical features. These
properties are defined by the material composition, the ge-
ometry and the orientation. These arrays are usually fabri-
cated by Electron-beam [4] or Deep UltraViolet [5] lithog-
raphy techniques which are multi-step, time consuming
and nonflexible, making the flats lenses expensive and dif-
ficult to fabricate.

We introduce resonant laser printing (RLP) as a tech-
nique for fast and precise metasurface modification [6–9].
Nanosecond laser pulses are used for this process as the
meta-atoms absorb the laser pulses and converts the energy
to heat, which raises the temperature of the meta-atoms
and causes them to melt and solidify in a short time pe-
riod. This process changes the geometry of the structure
and results in new optical properties of the metasurface.
By controlling the laser pulse energy, it is possible to pre-
cisely tune the dewetting process.

We created metasurfaces with double resonances: one
resonance in the visible - at the wavelength of the laser, we
used for writing - to improve laser writing efficiency by
decreasing the laser power required to modify the meta-
atoms. The other resonance is the transmission resonance
at the infra-red operating wavelength - that is very im-
portant for our flat lenses to work. Laser induced photo-
thermal melting of the meta-atoms shifts the resonance at
the infra-red operation wavelength, when the geometry of
the meta-atom changes, it causes the resonance in trans-
mission to blue shift, thus making the area more transpar-
ent.
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Combining pre-fabricated, large area metasurface tem-
plates and the resonant laser printing technique, we get a
low-cost and flexible fabrication technique of the metal-
enses that can be used for biological sensing, biological
imaging, and optical trapping.

2 Results and discussion

In this work, we used pre-fabricated silicon based meta-
surface templates with double resonances at 532 nm and
at 1064 nm. These templates were used to resonant laser
print binary amplitude based Fresnel zone plates. We
designed our metalens to work at a wavelength of 1064
nm (Fig. 1) with the focus length: 100 µm, number of
rings/zones: 32, numerical aperture (NA): 0.7.

The laser written metalens was characterized by a cus-
tom built setup (Fig. 2), and we measured a focus length of
113 µm, beam FWHM of 2.29 µm at focus, the efficiency
of the lens: 16.98%, and the lens diameter was 122 µm.
Because of its small size, it can be integrated in optoflu-
idics devices [10].

Figure 1. a) Our metalens design with the focus length: 100 µm,
ring number: 32, numerical aperture (NA): 0.7, 305 × 305 pixels
image. b) Transmission optical microscope image of the laser
written metalens onto silicon based metalens templates. The
scale bar is 20 µm.
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Figure 2. Schematics of out metalens characterization setup. 1)
1064 nm diode laser, 2) Glan-Thompson polarizer, 3) λ/4 plate,
4) motorized XYZ and rotation stage with sample holder, 5) sam-
ple, 6) 20× objective, 7) f = 150 mm lens, 8) CCD camera, 9)
XYZ stage.

3 Conclusions

In conclusion, we demonstrated a powerful resonant laser
writing technique for ultra-thin micro sized metalenses
fabrication. These metalenses can be used for bio-imaging
or for bio-sensors. Because of the very small size, it is
possible to integrate these metalenses into optofluidic de-
vices. Using prefabricated templates and laser fabrication,
the cost of metalens is low, which provides a path for mass-
production and ready-for-applications processes.
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