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Abstract: In this contribution, we show that 3D micro-/nanofluidic components with arbitrary
geometries and configurations can be directly formed inside glass by femtosecond laser direct
writing. We further demonstrate that nanofluidic channels of a width of ~40 nm can be directly
fabricated in glass with linearly polarized femtosecond laser pulses, enabled by intentionally
producing embedded nanograting structures with laser intensities slightly above a threshold value.
1. Introduction
Microfluidics provides unique capabilities of controlling and manipulating tiny volumes of liquids with high
precision and ease of operation, thus it has enabled downsizing of both chemical and biological analysis [1, 2].
Femtosecond laser direct writing has been employed for creating 3D hollow structures embedded in glass which
serves as microfluidic elements such as microchannels and microchambers. This 3D fabrication capability further
opens up new avenues for fabricating a variety of integrated optofluidic microchips for chemical sensing and
biological analysis. In this contribution, we focus on fabrication of micro-/nanofluidic structures with nearly
arbitrary 3D geometries and configurations in porous glass [3-6].
2. Fabrication of 3D microfluidics in porous glass

Fig. 1 (a) Schematic view of the experimental setup for water-assisted femtosecond laser direct writing inside porous glass, and
(b) the flow diagram for the microchannel fabrication.

Fabrication of long 3D microfluidic channels with almost arbitrary lengths and configurations can be achieved by
water-assisted femtosecond laser direct writing inside a porous glass. The porous glass substrates, which have a size
of 15 × 15 × 3 mm, were produced by removing the borate phase from phase-separated alkali-borosilicate glass in
hot acid solution. The schematic of the water-assisted femtosecond laser direct writing inside porous glass is
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illustrated in Fig. 1(a). The porous glass was immersed in distilled water. The femtosecond laser beam was tightly
focused into the glass sample for inducing internal ablation. During the ablation, bubbles were continuously
produced around the focal point which contain the laser-ablation-generated debris. When the bubbles were driven
out from the openings at the surface of the glass sample, the debris in the microfluidic channel could be efficiently
removed. 3D microchannels were fabricated by slowly translating the glass sample according to preprogrammed
patterns [3-5]. After the laser direct writing, the sample was placed in a furnace and annealed at a temperature of
1150 °C to consolidate into a compact glass, as shown in Fig. 1(b).
3. Fabrication of nanofluidics
Very recently, nanofluidic channels have also been created inside porous glass by femtosecond laser direct writing,
as shown in Figs. 2(a) and 2(b). Control of the diameter of the nanochannel is achieved by adjusting the pulse
energy of the writing beam [6]. Here, we achieve fabrication resolutions far beyond diffraction limit (i. e., ~40 nm)
by combining the threshold effect and the exotic phenomenon of formation of periodic nanograting during the
process of laser writing in the porous glass immersed in water. In the porous glass, we observe that the nanogratinglike structures induced by femtosecond laser irradiation constitute an array of hollow cracks with a width down to
~40 nm [6]. When the femtosecond laser intensity is intentionally reduced to a level at which only the hollow
nanocrack produced in the central area of the focal volume can survive, a single-line nanofluidic channel is
produced, as shown in Fig. 2(b).

Fig.2 Nanofluidic channels written in porous glass immersed in water using a 40 fs, 800 nm, 250 kHz femtosecond laser at
different pulse energies. (a) 140 nJ/pulse; (b) 128 nJ/pulse. Writing speed: 10 μm/s; objective lens: water-immersed objective
(N.A.= 1.10). Substrates have been postannealed for collapsing all the nanopores in the glass.

4. Conclusions
In conclusion, we have demonstrated the fabrication of 3D micro-/nanofluidics in porous glass with extreme
flexibilities in terms of channel dimensions and geometries. In particular, the 3D nanofluidic channels fabricated in
glass may open many opportunities in a variety of fields of research, such as nanofluidic physics and chemistry,
DNA analysis, lab on a chip, nanoplasmonics, and so forth.
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