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Flow Sensor with High Sensitivity Fabricated by Femtosecond Laser
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Abstract A three-dimensional (3D) spring-like flow sensor is integrated inside the microfluidic chip by using the
femtosecond laser two-photon direct writing technique. The fabricated spring-like flow sensor can be stretched
repeatedly for several times, and the deformation is reversible. In addition, different laser exposure powers can be
adopted to fabricate the spring-like flow sensors with different thicknesses, and thus flow rates within different
ranges can be monitored and the minimum flow rate which can be monitored is at 10~ '* level. This flow sensor can
be used in many kinds of microfluidic devices, especially in situations where the flow rate detection is required to be
combined with other microfluidic devices and in the ultralow flow rate detection.
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Fig. 1 Spring-like flow sensor. (a) Schematic of femtosecond laser two-photon direct writing fabrication system;

(b) 3D spring-like structure with diameter of 16 pm and pitch of 10 pm; (c) physical picture of chip

Pl 2 AN ) B R0 0 SR 28 ) 1 2 BB PR (AR 16 e, T HER 8 pim) . (@) 25(B) 35(0) 45(d) 5
Fig. 2 Microscopic images of spring-like structures with diameter of 16 pm and pitch of 8 pm but different numbers of turns.
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Fig. 3 Microscopic images of elongation states of spring-like flow sensor under different flow rates.

(a) OnL * min '; (b) 2.02 nLL * min '; (¢) 3.36 nL * min"'; (d) 5.38 nLL * min~'
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Fig. 4 Effect of multiple flow-rate cycles on elongation
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Fig. 5 Thickness of spring-like structure versus

exposure energy of femtosecond laser
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Fig. 6 Flow rates monitored by spring-like flow sensor under different exposure powers.

(a) 50 mW; (b) 60 mW; (¢) 80 mW; (d) 90 mW
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