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Fig. 1 Refractive index profile of fiber before improvement
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Table 1 Parameters for Yb-doped double-cladding fiber

Parameter Unit Content

Core diameter pm 47.3

Cladding diameter(side to side) pm 399.6

Cladding shape - Regular octagon

Cladding absorptivity @1018 nm dB/m 0.72

Core attenuation coefficient (@1200 nm dB/km 10. 8

Cladding attenuation coefficient (@1095 nm dB/km 2.28
Numerical aperture of core - 0. 0687
Numerical aperture of cladding - 0.468
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Homemade 20 kW Yb-Doped Double-Cladding Fiber for Tandem Pumping
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Abstract

Objective With the development of Yb-doped fiber lasers, the output power of a single domestic fiber has reached
the 10 kW level. With the increase of laser output power, the thermal effect problem of traditional direct pumping is
difficult to be solved effectively. Owing to the low quantum deficit and high brightness, the tandem pumping
employing Yb-doped fiber lasers as the pumping source can effectively reduce this thermal issue and achieve a high
output power, which is an important trend in the research of high-power fiber laser amplification. Because of the
much lower absorption coefficient at 1018 nm than that at 976 nm, the tandem pumping configuration needs a longer
gain fiber to sufficiently absorb pump light, which in turn induces a severer nonlinear effect, bringing in more
challenges in fiber lasers. In 2018, the Department of Precision Instruments of Tsinghua University reported the use
of a domestic gain fiber produced by China Electronics Technology Croup Corporation No. 46 Research Institute to
achieve a 3000 W laser output based on tandem pumping. In May 2021, the China Academy of Engineering Physics
(CAEP) used the homemade Yb-doped active fiber to realize the laser output of 20 kW by using the tandem pumping
method. To achieve a higher output-power, here a highly Yb-doped double-cladding fiber is proposed used for tandem
pumping.

Methods The Yb-doped double-cladding fiber preform is prepared by the improved chemical vapor deposition
(MCVD) method combined with the solution doping technique. Based on the existing technology, the key process is
improved and optimized. Through the design of fiber core components and the optimization of the multi-layer
deposition technology, the doping concentration and the uniform distribution of Yb ions are improved. The
background loss of an Yb-doped fiber under high doping concentration is effectively reduced. The refractive index
distribution of the improved fiber is shown in Fig. 3, and the doped element distribution in the improved fiber core is
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shown in Fig. 4.

Results and Discussions The cross section of the Yb-doped double-cladding fiber is shown in Fig. 5, and the main
fiber parameters are shown in Table 1. The diameters of the core and inner cladding of the Yb-doped double-cladding
fiber are 47 pm and 400 pm, respectively. The fiber has a more uniform distribution of Yb ions, a larger absorption
cross section, and a higher absorption coefficient. The numerical aperture of the fiber is 0.069/0.46, and the fiber
has inner cladding absorption of approximately 0 .72 dB/m at 1018 nm (Fig. 6). Based on the improved fiber, an all-
fiber master oscillator power amplifier is built. Figure 7 shows the experimental setup. In the power amplifying
stage, a 33 m long gain fiber is pumped by a 1018 nm fiber laser. When the pump laser power injected in the
amplifier stage reaches 24.56 kW, the laser power output of 20.88 kW at 1080 nm is obtained, and the system slope
efficiency is 82.7% after removing the residual pump light (Fig. 8). In addition, the output laser spectrum has no
typical Stokes peaks and the 3 dB bandwidth of the output laser is measured to be 2.1 nm (Fig. 9). To the best of
our knowledge, this marks the highest result ever reported for homemade Yb-doped double-cladding fibers based on

tandem pumping.

Conclusions Tandem pumping is one of the main technical approaches to realize high power fiber lasers. By
combining the improved chemical vapor deposition method with the solution doping technique, we have fabricated an
Yb-doped double-cladding fiber. Through the design of fiber core components and the optimization of the rod making
process, the uniformity of the refractive index of the highly doped fiber core is improved. The laser performance of
the fiber is demonstrated by an all-fiber master oscillator power amplifying laser system. As for the 1081 nm fiber
laser based on tandem pumping, a 20. 88 kW laser output at 1080 nm with a high stimulated Raman scattering
rejection ratio has been achieved with an 82.7 % slope efficiency. This is the highest power achieved for the domestic
fiber based on tandem pumping.

Key words fiber optics; Yb-doped double-cladding fiber; vapor phase/ liquid phase doping; tandem pumping
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