Single-frequency, polarized ytterbium-doped fiber
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A single-frequency, single-mode, plane-polarized ytterbium-doped all-fiber master-oscillator –
power amplifier source at 1060 nm generated 264 W of cw output power (pump-power limited)
The final-stage amplifier operated with a high gain of 19 dB and a high conversion efficiency of 68%.

Cladding-pumped ytterbium-doped fiber sources have been power-scaled to the kW-level with good or
even diffraction-limited beam quality [1 – 3]. Furthermore several options have been investigated for
polarization-maintaining (PM) fibers for single-polarization operation, resulting in powers of up to ~300 W
with good polarization-extinction ratio (PER) [3 – 5]. Technological improvements in diode pump sources,
fiber fabrication and gain medium, as well as fiber design, device configuration, and heat-sinking, have
enabled this spectacular progress. Applications such as coherent combination [6] and gravitational wave
detection [7] in addition require single-frequency sources with narrow linewidth. However, stimulated
Brillouin scattering (SBS) has limited the power from single-frequency fiber sources to ~100 W [8]. While
short fibers and large cores mitigate SBS, further power-scaling of single-frequency fiber sources has
remained uncertain. We present here a single-frequency, single-mode, plane-polarized ytterbium-doped
fiber master-oscillator – power amplifier (MOPA) source with 264 W of cw output power, limited only by
available pump power.
Figure 1 depicts the MOPA. A 1060 nm, 80 mW, plane-polarized Yb-doped fiber DFB laser
(master oscillator) from Southampton Photonics, Inc. (SPI) was followed by four Yb-doped fiber amplifiers.
The DFB laser and the final amplifier are the key components, while three standard non-PM amplifiers
(SPI) were used in intermediate stages. The DFB laser linewidth was < 60 kHz (resolution-limited).
The final-stage amplifier comprised a 7 m long double-clad birefringent Yb-doped fiber fabricated
by SPI. It had a 25 ìm diameter, 0.06 NA core. The inner cladding was D-shaped with a 380 ìm diameter.
A low-index polymer coating provided a nominal inner-cladding NA of 0.48. The fiber incorporated a pair
of borosilicate stress rods which, in this design, leads to a core birefringence of ~2×10–4. Up to 390 W of
pump power was launched into the signal output end of the fiber from a 975 nm diode pump source. The
pump absorption was 2 dB/m. A dichroic mirror separated the signal output and pump beam paths. Both
fiber ends were angle-cleaved. With proper adjustment of the polarization from the non-PM amplifier chain,
3 W of signal input power could be launched into the final-stage amplifier through a polarizing free-space
isolator. The polarization was aligned on a birefringence-axis of the final-stage fiber.
Figure 2 shows the MOPA power characteristics as the pump power of the final-stage amplifier
was varied. Other components operated at their maximum power (see Fig. 1). The maximum output power
(264 W) was limited by available pump power, and there was no sign of any roll-over. The power
conversion efficiency was 68% at maximum power and the slope efficiency was 72% with respect to
launched pump power. The linewidth of the output was still below the 60 kHz resolution limit (Fig. 2). The
PER was 16 dB, and the beam quality factor (M2) was better than 1.1.
With textbook values for the Brillouin gain coefficient (5×10–11 m/W), we estimate the Brillouin
gain to ~200 dB in the last-stage amplifier. This should lead to substantial SBS, but there was no sign of
this. We conclude that our simple estimate exaggerates the Brillouin gain. Temperature and fiber
compositional variations, which broaden the Brillouin gain, may be the explanation.
In summary, we have demonstrated a 1060 nm single-frequency fiber MOPA source with 264 W
of output power, limited by available pump power. The polarization extinction ratio was 16 dB and the
M2value was < 1.1. While stimulated Brillouin scattering is expected to degrade single-frequency
performance, SBS was not observed.
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Figure 1. Experimental setup. YDFA: Yb3+-doped fiber amplifier; DM: dichroic mirror; BS: beam splitter; FR:
Faraday rotator; WP: waveplate.
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Figure 2. Left: Signal output power vs. final-stage pump power. Right: Heterodyne RF spectra from linewidth
measurements, showing resolution-limited linewidths of < 60 kHz for both seed source and amplified output.
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