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Abstract Herein, a bioprobe based on hollow fibers with electrical and optical delivery channels is proposed to
realize low attenuation transmission of mid-infrared light at the wavelength band ranging from 5 pm to 10 pm.
Cyclic olefin polymer (COP) is used to isolate the front-end of the probe from water and the necessary sealing
technology is designed and optimized. The loss of bioprobe with length of 20 cm and inner diameter/outer diameter
(ID/OD) of 0.7 mm/1.5 mm is 1.38 dB at a wavelength of 5.1 pm. By controlling the sealing process, COP sealed
windows with different shapes are fabricated to modify the output beam. The focal length and far-field divergence

angle for these different configurations are analyzed by measuring the output beam profiles. This approach will
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provide more ways and means for neuroscience research and biomedical application.
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Fig. 1 Structural diagrams of bioprobe and hollow fiber. (a) Structure of bioprobe;

(b) structure of hollow fiber (d1 =420 nm, d,=150 nm, and d; =50 pm)
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Fig. 2 Schematic of system for sealed window fabrication
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Fig. 3 Diagrams of evaluation system. (a) Loss spectrum measurement; (b) loss measurement; (c) beam profile measurement
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Table 1 Additional attenuation of sealed fibers  dB

Primary sealing Secondary sealing

Sealed shape

IDof 0.7 mm IDof 1.0 mm ID of 0.7 mm
Biconcave 1.09 1.09 3.37
Convex-concave 0.86 0.68 1.42

Plano 0.50
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Table 2 Loss of bioprobe at 5.1 ym

Loss /dB
Sealed shape

Before immersing  After immersing

Biconcave 1.38 1.96

Convex-concave 1.55 1.80
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Table 3 Comparison of performances of bioprobes with different structures

Source

Core )

Structure . Energy density / Effiency /%  Reference
diameter /pm Wavelength /pm  Energy /mW

(mWemm ?)

Michigan-type 9 1.31 5 22.1 [6]
Side-firing optical fiber 200 0.54, 0.63 1-10 (7]
Microfiber bundles 8 0.45-0.49 5 41.9 [8]
HF within brass tube 700 5.00-10.00 95.1 247.1 72.8 This paper
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Fig. 8 Shapes of sealed windows. (a) Biconcave shape; (b) convex-concave shape; (c) flat;

(d) biconcave shape after secondary sealing; (e) biconcave shape under microscope
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Fig. 9 Output spots of sealed fibers with different shapes of sealed window. (a) Unsealed; (b) biconcave; (c¢) convex-concave
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(b) sealed fiber based on convex-concave shape
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Table 4 Focal length and far-field half divergence angle of sealed window

Primary sealing Secondary sealing

Sealed shape

Focal length /mm Divergence angle /rad Focal length /mm Divergence angle /rad

Biconcave —0.35 0.44 —5.38 0.16
Convex-concave —16.14 0.05 —5.43 0.16
Unsealed —19.75 0.03
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