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Currently, fiber laser sources of sub-nanosecond pulses used in many fields of science and technology because
of their compactness, efficiency, and manufacturability. And the use of stimulated Raman scattering (SRS)
provides the generation outside the spectra of rare-earth elements, making it possible to cover the spectral region
from 1 to 2.3 um. Thus, in some works, sources with SRS generation both in solid-state [1] and in fiber lasers [2]
were demonstrated. This paper presents an investigation hybrid mode-locked of an ytterbium-doped fiber laser
(master oscillator) and with generating the 1-st Stokes. The generation of yellow radiation at a wavelength of 530-
580 nm was also obtained using nonlinear crystals from the frequency doubling of the ytterbium-doped laser.

The optical scheme of the experimental setup is shown in Fig.1. The active medium of the MO was pumped
using a semiconductor laser diode that emitted at a wavelength of 975 nm. The cavity of the laser was formed by
Yb-doped active fiber with a multicomponent cladding (GTWave) and 200 m single-mode fiber. A pair of
polarization controllers were added into the laser cavity to obtain NPE mode-locking. The single-walled carbon
nanotubes (SWCNT) were fixed between two optical FC/APC- connectors to realize hybrid mode-locking. The
radiation was coupled out from the laser cavity using a polarization beam splitter. As a result, the stable hybrid
mode-locking was obtained at a wavelength of 1061 nm. The pulse repetition rate of 1 MHz corresponded to the
cavity length. The pulse duration was 200 ps. Then, using the Yb-doped fiber amplifier, the average output power
at the output of amplifier more than 1 W was obtained.

—— LiNb03-80°C
KDP- 23°C

Nonlinear
crystals

Intensity, a.u.

500 550 600 650 700
Wavelength, nm

Fig. 1 The optical design of the experimental setup and the spectra obtained by radiation: LD- laser diode, CO- control
output, ISO- optical isolator, DF- delay fiber, PC 1,2- polarization controller, PBS- polarized beam splitter.

After amplification of the MO radiation, experiments were performed to the frequency doubling of the
ytterbium-doped laser. A KDP(KH2PO4), CDA (CsH2As04), and LiNbO3 crystals were used to get radiation at
wavelengths of 530-580 nm. Also, for such crystals as LiNbO3 and CDA, a heating element with a temperature
controller was used to achieve 90-degree synchronism. Also, for such crystals as LiNbO3 and CDA, a heating
element with a temperature controller was used to attain 90-degree synchronism because the refractive indices of
crystals significantly depend on the temperature of samples. The average output power was up to 1 mW. It can be
expected that such a laser may find application in medicine to treat red telangiectasia [3] and in ophthalmology

[4].
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