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7.3-W single-frequency master-oscillator fiber power
amplifier with China-made double-clad fiber
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A narrow-linewidth master-oscillator fiber power amplifier system was presented, in which an ultrastable,
continuous-wave, single-frequency laser was adopted as the master oscillator and a China-made Yb-doped
large-mode-area fiber was used as the power amplifier medium. The system generates single-frequency
radiation up to 7.3 W at 1064-nm wavelength with 39% slope efficiency and 26% optical-optical power
conversion efficiency. The spectral characteristics as well as the suppression of amplified spontaneous

emission were discussed in detail.
OCIS codes: 060.2320, 140.3280.

High-power, low-noise, single-frequency laser sources
with very narrow-linewidths are of great interest in many
scientific and engineering applications, such as spec-
tral beam combination!), gravitational-wave detection,
wavelength conversion, and optical fiber communication.
However, high-power operation of single-frequency os-
cillator is achieved difficultly. Therefore, the so-called
master-oscillator power amplifier (MOPA) architecture
which uses a low-power single-frequency seed source fol-
lowed by high-power amplification is often adopted. In
the past several years some experimental studies on the
single-frequency master-oscillator fiber power amplifier
(MOFPA) have been conducted. For example, using a
30-m-long Nd-doped single-mode double-clad fiber, Za-
wischa et al. described a Nd-based MOFPA that was
capable of generating single-frequency radiation up to
55 W at 1064 nm with an approximately 27% slope
efficiency with respect to the launched pump powerl?.
Hildebrandt et al. reported on a MOFPA system con-
sisting of a diode-pumped Yb:YAG monolithic nonpla-
nar ring oscillator (NPRO) as the master oscillator and
a large-mode-area (LMA) double-clad fiber as the power
amplifier3. The system emitted single-frequency radia-
tion up to 7.8 W at 1030 nm with a slope efficiency of
36% and an optical-optical power conversion efficiency
of 26%. In 2003, Liem et al. presented a MOFPA system
emitting narrow-linewidth single-frequency radiation of
108 W at 1064 nm with low noise and excellent spec-
tral properties by use of a 9.4-m-long Yb-doped LMA
fiberl¥. In addition, a narrow-linewidth distributed feed-
back laser source was even amplified to 264 W without
a sign of stimulated Brillouin scattering (SBS) owing to
a specific thermal fiber management!’). In China, Wang
et al. analyzed and simulated the suppression condition
of SBS in high-power single-frequency fiber amplifier
in 2006, At the same time, a single-frequency fiber
amplifier with 6.65-W continuous-wave (CW) output
power was demonstrated by use of a 4.4-m-long Yb-
doped double-clad fiberl. The overall slope efficiency
with respect to the launched pump power is 30.6%. It is
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noted that the fibers adopted in their MOFPA systems
are all oversea. In this paper, using a China-made LMA
fiber (fabricated by Fiberhome Telecommunication Tech
Co. Ltd., China) as the power amplifier, we obtain a
7.3-W narrow-linewidth single-frequency output with a
slope efficiency of 39%. The optical emission spectrum is
investigated with respect to the suppression of amplified
spontaneous emission (ASE).

The double-clad Yb-doped LMA fiber used in the
experiment was designed by our independent technol-
ogy and fabricated by standard modified chemical-
vapor deposition (MCVD). Figures 1(a) and (b) show
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Fig. 1. Fluorescence spectra of (a) the China-made double-
clad Yb-doped fiber and (b) the JDSU double-clad Yb-doped
fiber.
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Fig. 2. Schematic setup of the single-frequency MOFPA. DM:
dichroic mirror.

the fluorescence spectra of the China-made double-
clad Yb-doped fiber and the JDSU (America) double-
clad Yb-doped fiber, respectively. Obviously, the two
fluorescence spectra are almost same. Recently, Adopt-
ing the China-made double-clad Yb-doped fiber, we have
made some important progresses on high-power CW fiber
lasers and pulsed fiber amplifiers. For example, a CW
fiber laser with 714-W output power has been obtained
from a 21-m-long China-made Yb-doped LMA double-
clad fiberl®. In 2006, we reported a MOFPA system
with a 4-m-long Yb-doped China-made LMA double-
clad fiber®. The system emitted amplified radiation up
to 133 W at a wavelength of 1064 nm and a repetition
of 100 kHz.

The experimental setup consists of an ultrastable, CW,
single-frequency laser (Mephisto 200 OEM) as the mas-
ter oscillator and a China-made double-clad Yb-doped
LMA fiber as the power amplifier, as shown in Fig. 2.
The Mephisto OEM (supplied by Innolight GmbH, Han-
nover, Germany) was used as the seed source for this
experiment, which emitted single-frequency radiation as
much as 200 mW at 1064-nm wavelength. It has built-in
electronics for either suppression of the resonant relax-
ation oscillations or generation of defined amplitude
modulation by pump-diode current modulation. The
linewidth of the Mephisto OEM is specified to be less
than 1 kHz. A dual-stage Faraday isolator is employed
to protect the seed source against back-reflections or
counter directionally running beams from the amplifier.

The fiber power amplifier is composed of a 5.3-m-
long fiber with a 39-pm-diameter step-index Yb-doped
core (numerical aperture (NA), 0.09) and a 650/600-um
D-shaped inner cladding with a NA of 0.48. The Yb
doping concentration is evaluated to be 6000 mol-ppm.
Both ends of the fiber are polished at an angle of 8° to
suppress ASE or even spurious lasing in the fiber power
amplifier. An optical coupling system is designed for
coupling the narrow-linewidth seed beams into the ac-
tive core of the LMA fiber with the coupling efficiency
of about 80%.

The fiber amplifier is pumped by a 40-W output-
collimated laser diode at 975 nm. An aspheric lens
is designed for coupling the pump beams into the in-
ner cladding of double-clad fiber with high coupling
efficiency. A 45° dichroic mirror with high transmis-
sion coating at the pump wavelength and high reflection
at the lasing wavelength (1064 nm) is used to separate
the pump light from the amplified radiation. Further-
more, to avoid the potential endangerment of the possible
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Fig. 3. Output power characteristic of the single-frequency
MOFPA.

spurious lasing or reflectively unabsorbed pump light
towards the seed source, both a 1064-nm bandpass filter
(transmission 80%) and a 0° dichroic mirror (high trans-
mission at 1064 nm and high reflection at 975 nm) are
inserted between the dual-stage Faraday isolator and a
45° dichroic mirror.

By careful adjustment we can successfully couple 104-
mW master emission (of 141 mW after the isolator and
the 1064-nm bandpass filter) into the active fiber core,
which is propagating almost entirely in the fundamen-
tal mode. More than 90% of the pump power could be
coupled into the fiber and about 36% is unabsorbed.
The output power characteristic of the presented single-
frequency MOFPA system is shown in Fig. 3. With a
launched pump power of ~ 28 W an amplified power
of 7.3 W is obtained. The overall slope efficiency with
respect to the launched pump power is about 39%, and
the overall optical-optical power conversion efficiency is
26%. The reason for this relative low slope efficiency can
be attributed to the shorter fiber length, which results
in the insufficiency of pump-light absorption. Taking
into account this factor, the slope efficiency with re-
spect to the absorbed pump power is over 72%. The
slightly increasing slope efficiency at higher pump power
levels is caused by thermal tuning of the pump diode,
which affects the overlap of the diode emission spectrum
and the Yb3T absorption band. Maximum absorption
efficiency occurred at the highest pump power. The out-
put power increases almost linearly over the whole pump
power range and no roll-off due to undesirable nonlinear
scattering (such as SBS) or indeed any other effect is
observed. This suggests that it is possible to improve
the amplified power level further if increasing the pump
power. We believe that the large-core diameter (39 pm)
is helpful to reduce the optical nonlinear effects like SBS
often limiting single-frequency fiber amplifier systems.

The spectral properties of the output are investigated
with an Anritsu optical spectrum analyzer (MS9710B)
with a resolution of 0.07 nm. Figure 4 shows the emitted
spectrum at the maximum output power of 7.3 W. Al-
though magnitude orders of the linewidth of this single-
frequency fiber power amplifier are far smaller than the
spectrometer resolution, such a measurement can be
used to explore the suppression of ASE. By integrating
the measured optical spectrum, the suppression of the
ASE is estimated to be better than 40 dB, correspond-
ing to a ratio of ASE to amplified radiation of ~ 8 x 1075.
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Fig. 4. Optical spectrum of the single-frequency MOFPA at
the maximum output power of 7.3 W.
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Fig. 5. Spectra of 3.6-W amplified output emission and ASE
at the 18-W pump power, as well as the seed source.

Figure 5 shows the optical emission spectrum of the
3.6-W amplified output power at the pump power of 18
W, together with the seed source and ASE spectrum on
a logarithmic scale. Obviously, the spectrum of the 3.6-
W amplified power is almost the same as that of the
seed radiation except that the appearance of ASE, whose
range is from 1010 to 1100 nm. While pumping the fiber
without injecting the seed radiation, we obtain the ASE
at the pump power of 18 W, which centers in 1045 nm
with a bandwidth of 90 nm. Nevertheless, while coupling
the seed radiation into the core with high efficiency, we
notice that the gain of ASE decreases and the peak of
spectrum shifts to 1064 nm immediately, which is a re-
sult of mode competition.

In summary, a single-frequency MOFPA system us-
ing a 5.3-m China-made Yb-doped LMA fiber is demon-
strated. A maximum CW output power of 7.3 W at
1064 nm with low noise and narrow-linewidth radiation
is achieved, and the overall slope efficiency with re-
spect to the launched pump power is maintained by 39%.
Furthermore, the spectral characteristics of the single-
frequency fiber power amplifier are investigated, and the
suppression of the ASE at the maximum output power
of 7.3 W is estimated to be better than 40 dB. Further
power scaling and optimization of this MOFPA system
are planned to be investigated in the future as no limita-
tion by nonlinear scattering processes is observed.
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