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Abstract; A continuous-wave high-power thulium-doped fiber laser was proposed and its biological
tissue cutting was studied. A linear cavity thulium-doped fiber laser source was built by using home-
made fiber gratings. The output wavelength of the laser source was 1 941. 10 nm, and the optical
signal-to-noise ratio is 75 dB. The wavelength and power fluctuations within 50 min were less than
0.04 nm and 0. 265 dB, respectively. The slope efficiency and the maximum output power were
5.6% and 186 mW, respectively. According to the master-oscillator power amplifier technology, a
pre-amplifier and a main-amplifier were built. The slope efficiencies of the two amplifiers were
14.3% and 35.86% , respectively. After two-stage amplification, the final output power was 21.9
W. The biological tissue cutting experiment was carried out by using the laser beam after beam sha-
ping. Several groups of experiments were designed to observe the cutting depth of the laser under

different power and moving speed. The experimental results show that the thulium-doped fiber laser
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has good cutting effect, and it has potential application in biomedical field.

Key words: fiber laser; thulium-doped fiber; high-power; tissue cutting
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Fig.1 Tm’*-doped fiber laser system. (a) Experimental

setup. (b) Picture of system.
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Fig.2 Reflection and transmission spectra of fiber gratings.
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Fig.3 Output characteristics of laser source. (a)output la-

ser spectrum. ('b) Fluctuations of output wavelength

and power. (c¢)Output power versus pump power.
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Fig.4  Characteristics of pre-amplifier. (a) Picture of pre-
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amplifier. (b) Output power versus pump power.
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FC/APC 3% 3k (1) 38 38 FRAOG 2F Bk 2k i 42, LA
s A, BT AL 107130 DLRCOLET
FAUAR, FRARME U T AR T 1940 nm 4t
WIGCET 4 i A % L A A

a =-101g[4/(D,/D, + D,/D,)*], (1)
Hor Y BAEDELT 5 10/130 VEEDGLF AR B
4510 D, =10. 88 wm Al D, =10. 75 pm, #1
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Output power/ W

Slope:35.86%
®  Experiment

al results
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Fig.5 Characteristics of main-amplifier. (a) Picture of main-

amplifier. (b)Output power versus pump power.
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Tab.1  Comparison of the proposed laser and the reported
TDFLs
Maximum
Output power/W  Power stability Reference
OSNR/dB
N/A 26.0 N/A [10]
59 0.087 5 <0.95 dB [11]
N/A 37.4 <1.0% [15]
60 0.002 0.71 dB [16]
75 21.9 0.26 dB This work
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Fig. 6 Cutting experiment of biological tissue. (a) Cutting of

muscle tissue. (b) Cutting results.
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B 7 BT O & AN [ 2y 25 o o 1 40 50 L A 2 81
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Fig.7 Experimental results of muscle tissue cutting at fixed

position with different powers under microscope
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Fig.8 When cutting at fixed position, the relationship be-

tween the laser power and cutting depth.
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Fig. 9  Experimental results of adipose tissue cutting with

different powers under microscope
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Fig. 10 When cutting at a fix speed, the relationship between

the laser power and cutting depth of adipose tissue.
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Experimental results of muscle tissue cutting with

11

Fig. 11

different powers under microscope
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Fig. 12 When cutting at a fix speed, the relationship between

the laser power and cutting depth of muscle tissue.
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Fig. 13 Experimental results of muscle tissue cutting with

different moving speed under microscope
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