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Abstract: We demonstrate fabrication of highly functional biomicrochips by hybrid femtosecond
laser processing. In this process, 3D microfluidic structures are first formed inside photosensitive
glass by femtosecond laser direct writing followed by thermal treatment and successive chemical
wet etching. Then, functional microcomponents are integrated inside the fabricated microfluidic
structures by two-photon photopolyerization. We term the fabricated microchips ship-in-a-bottle
biomicrochips,
1. Introduction
Femtosecond laser processing is a promising technique for fabrication of biomicrochip since it can be used to
modify the interior of glass in a spatially selective manner due to multiphoton absorption and thereby to directly
form 3D microfluidic structures inside substrates [1-4]. We developed a technique fabricating true three-dimensional
(3D) microfluidic structures inside photosensitive glass by femtosecond laser direct writing followed by thermal
treatment and successive chemical wet etching. This technique can also integrate some kinds of microoptical
components and fluid control microcomponents. Then, this technique was successfully applied to fabricate
functional microfluidics and optofluidics for determining the functions of microorganisms [2, 4-6]. In the meanwhile,
this technique is somewhat weak in integrating complex microcomponents with micro and nano feature sizes in the
microfluidics due to its limited spatial resolution and top-down processing nature. This paper proposes a novel
strategy (hybrid femtosecond laser processing) which combines two femtosecond laser processes, i.e., femtosecond
laser modification followed by wet etching and two-photon photopolymerization (TPP) to overcome this problem
and thereby realize highly functional biomicrochips.
2. Experimental procedure
Figure 1 shows the experimental procedure of hybrid femtosecond laser processing. A second harmonic (523 nm)
from commercial femtosecond laser (wavelength: 1045 nm; pulse width: 370 fs; repetition rate: 200 kHz) was used
in our experiment. Firstly, we fabricated 3D embedded microfluidic structures inside photosensitive glass by
femtosecond direct writing (Fig. 1(a)) followed by thermal treatment (Fig. 2(b)) and successive chemical wet
etching using a hydrofluoric acid solution (Fig. 1(c)). Then, the fabricated microfluidic structures were filled up with
the resin SU-8 (Fig. 1(d)). After pre-baking at 95℃ for 1 h, TPP was carried out (Fig. 1(e)). By developing the laser
exposed regions, 3D micro and nanostructures were formed inside the microfluidics (Fig. 1(d)). We termed the glass
microfluidics integrated with 3D polymer micro and nanostructures a ship-in-a-bottle biomicrochip.

Fig. 1. Fabrication procedure of a ship-in-a-bottle biomicrochip by hybrid femtosecond laser processing.
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3. Experimental results
The hybrid femtosecond laser processing was used to fabricate microfluidics integrated with micro/nanofilters and
micromixers. As one of examples, Fig. 2 shows integration of the micromixer in the Y-shaped microfluidic channel
((a) principle of a designed micromixer, (b) an SEM image of micromixer structure fabricated on the glass surface
by TPP). Microfluidic channels whose diameters are in a range of hundreds nm to hundreds µm usually produce
laminar flow of fluids since the Raynolds number for such a dimension is low [7], as shown in Fig. 2 (c). Efficient
mixing of two or more kinds of fluids in the microfluidics is a crucial issue in biochip applications. In Fig. 2 (d), the
same structure as shown in Fig. 2 (b) was formed at the downstream of junction inside the microfluidic channel
(indicated by an arrow), performing efficient mixing of two different kinds of fluids. The mixing efficiency was
evaluated to be as high as 87%.

Fig. 2 (a) Principle of designed micromixer, (b) SEM image of micromixer structure fabricated on glass surface by TPP, (c)
formation of laminar flow in the Y-shaped microfluidic channel, and (d) performance of fluid mixing in the microfluidic channel
integrated with the micromixer .

4. Summary
We proposed a new technique referred to as hybrid femtosecond laser processing for fabrication of highly functional
biomicrochips. The proposed technique was applied to fabricate microfluidics integrated with fluid control
microcomponents. The fabricated microchip demonstrated high performance in fluid mixing. This technique is very
promising for fabricating a variety of microfluidics and optofluidics with multi functions that cannot be realized by
the existing technologies.
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