Bismuth Doped Fiber Laser Perfor mance on Effective Fiber Cooling
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In the past, bismuth doped fiber (BiDF) lasers,rapeg in the 1160 — 1300 nm wavelength range, have
gained much attention as they are promising forynagaplications; including medical and astronomywideer,
the poor lasing efficiency of BiDF laser, compatedthe widely used rare-earth doped fiber lasexguires
further investigations. One possible reason thatingair the BIDF laser efficiency is the presemteigh
unsaturable loss in the fiber, which is temperatiependent [1, 2]. Thus, temperature rise in tHeFBunder
strong pumping can be a limiting factor for suchelasystems. Here, we report the dependence of Bifdf
efficiency on effective cooling of the fiber.

The fiber laser was constructed with a 30 m longMBin a 100%-4% linear cavity, where a 15 W Yb dbpe
fiber laser at 1090 nm served as the pump soureeud¥d a broadband mirror in the high reflectiod einthe
fiber to reflect back both pump and signal. Theifibad an absorption coefficient of 1.04 dB/m &@0.6m and
0.23 dB/m at 1178 nm; measured by the cut-back edeffihe fiber core was 8m with a NA of 0.18, and the
outer diameter was 128n.

Figure 1(a) shows the BiDF laser output power irous heat sink arrangements. We found that at high
pump powers the laser efficiency decreased wherfiiee was cooled by natural convection. The ratioin
output power was prominent at approximately 6 Vgurhp power at €. An increase in fiber temperature was
also observed during the experiment. To verifyrasults, the fiber temperature was further incréaselGC in
air. A similar behaviour was observed and the ifficy dropped down to 2%. To provide more effectieat
removal from the fiber, the fiber spool was theacpld in a water tank at room temperature. An irserea
efficiency, compared to that measured at room teatpee, was observed with the water cooling. Moeepxo
rollover in the output power was noticed. On furtbeoling the fiber to 1T in water, an increase in efficiency
upto 10% was observed. We also raised the watepeeture to 4{C, and the efficiency dropped down to
4.8%, but no rollover was observed in the outputgroeven at the maximum pump power.
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Fig. 1 (a) BIiDF laser performance at different heat sink mgements, angb) Unsaturable loss in BiDF at different
temperatures.

We further measured the unsaturable loss in ouFEiDthe pump wavelength of 1090 nm, and at differe
temperatures [Fig.1 (b)]. The fiber was dipped atew, so as to maintain the same temperature direngntire
experiment. The ratio of unsaturable absorpticsntall signal absorption was 33, 30 and 28% aE4R0C and
10°C respectively.

It seems to indicate that, the gradual increadian temperature with the pump power, in abseriderced
cooling [Air- 24C and Air- 48C; both in Fig 1(a)], leads to a continuous risaiirsaturable loss in the BiDF,
resulting in rollover in the 1178 nm output pow€hus, with effective cooling the BiDF laser perfa@mee can
be significantly improved.
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