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Abstract

Objective The midinfrared (MIR) lasers at ~2.9 pm have been attracting increasing attention owing to their
considerable applications in surgery, military, environmental monitoring, remote sensing, and nonlinear optics. In
many ways, fiber laser has unique advantages for achieving MIR laser. In the past few decades, zirconium fluoride
glass fiber, represented by ZBLAN ( ZrF,-BaF,-LaF;-AlF;-NaF ), has been widely used in MIR fiber lasers.
However, the poor thermal and chemical stabilities of ZBLAN fibers pose a challenge to achieve higher power MIR
lasers. Therefore, in this study, we fabricated ZBYA (ZrF,-BaF,-YF,-AlF,, glass fiber, which is more stable than
the ZBLAN fiber, and the Ho’" -doped ZBYA fiber was used as the gain medium to achieve a 2.9-pm MIR laser under
1150-nm pump. This result indicated that ZBYA glass fiber is a potential gain medium material for MIR fiber lasers.

Methods In this work, the ZBYA glass with low water content was prepared and polished. The transmittance
spectrum in the range of 2000-10000 nm of ZBYA glass was measured using Perkin-Elmer Fourier-transform
infrared (FTIR) spectrometer (Fig. 1). Differential scanning calorimetry was used to measure the thermal
properties of the core and cladding glass at a heating rate of 10 K/min using a Netzsch STA449F5 analyzer (Fig. 2).
By comparing the transmittance changes of the ZBYA glass and ZBLAN glass after soaking them in water for a long
period (24 h), it is demonstrated that ZBYA glass has higher chemical stability (Fig. 3). Then, we created the
Ho®" -doped ZBYA glass fiber and constructed a laser system with ZBYA fiber, an 1150-nm fiber laser, a focus lens,
and a dichroic mirror (Fig. 5). An output power of ~2.9 pm was measured using a power detector, and the laser
spectrum was observed with an optical spectrum analyzer (YOKOGAWA AQ6377) (Figs. 6 and 7).

Results and Discussions The transition temperature ( T,) and crystallization temperature of core and cladding
glass are 333 C and 334 C and 406 C and 405 ‘C, respectively (Fig. 2). The T, of ZBYA glass is considerably
higher than that of ZBLAN glass, indicating that ZBYA glass has a higher laser damage threshold. After soaking in
water for 24 h, the transmittance of ZBYA glass was considerably higher than that of ZBLAN glass, demonstrating
that ZBYA glass has superior chemical stability (Fig. 3). For ~2.9-um laser system, a ~2.9-um laser output is
observed when the pump power is 97 mW. The highest output power is 137 mW, the corresponding pump power is
1.5 W, and the slope efficiency is 8.9%. The reason for the slope efficiency being far lower than the Stokes
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efficiency limit in the experiment is mainly owing to the high background loss of ZBYA fiber (3 dB/m) and the large
core diameter (30 pm). The center wavelength of laser output is 2855 nm, and the full width at half maxima is
1.2 nm. As shown in Fig. 8, the stability of the laser output power is monitored. In 30 min, the laser output power
gradually decreases from 137 mW to 131 mW. The gradual accumulation of hydroxyl groups at the fiber’s end during
laser operation results in a 2.9-pum reduction in laser power; additionally, the laser power does not fluctuate sharply.

Conclusions In this study, ZBYA glass is prepared and tested and its better thermal and chemical stabilities are
demonstrated. Accordingly, we fabricate the Ho’' -doped ZBYA glass fiber and achieve a ~ 2. 9-um laser. The
maximum output power is 137 mW, and the slope efficiency is 8.9 % . Currently, the background of fiber is still high
owing to the purity of raw materials; however, by optimizing the preparation process to reduce fiber loss, it is
expected to achieve higher output power and slope efficiency. Furthermore, silica fiber and ZBYA fiber’ s fusion
splicing technology should be investigated to reduce the complexity of laser systems. The future work should focus on
the preparation of double-cladding fibers to increase the maximum pump power and obtain higher power output.

Key words laser physics; ZBYA; Ho’" doping; mid-infrared laser; ZrF,-based glass fiber
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