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A continuous-wave Nd:KGd(WQy), single-longitudinal-mode laser is demonstrated with Fabry—Perot etalons in a
simple linear cavity. The thermal lens effect is dramatically lowered by propagating the laser beam along the ‘athermal’
direction inside the laser crystal, which is very beneficial to removing the heat generated in the mode selection process. The
maximum single-longitudinal-mode output power obtained is 64.8 mW at incident pump power of 4.7 W, corresponding to
an optical conversion efficiency of 1.3% and a slope efficiency of 1.7%.

Keywords: continuous wave, single-longitudinal mode, Fabry—Perot etalon

PACS: 42.55.Xi, 42.60.Pk, 42.60.Fc

1. Introduction

Solid state single-longitudinal-mode (SLM) lasers are
very attractive optical sources, which can find wide appli-
cations in cold atom physics, remote sensing, high resolu-
tion spectroscopy, optical communication, quantum optics
among others.!!'3] Owing to the spatial hole-burning effect,
the gain in a linear cavity cannot be depleted by one longi-
tudinal mode, thus the introduction of additional spectral loss
is necessary to prevent the adjacent laser modes from oscil-
lating. Several types of cavities are designed to eliminate
spatial hole-burning, such as unidirectional ring cavity, !

microchip cavity,”#! twisted mode laser cavity, %]

(1 [12

coupled

cavity,[!!! folded cavity,!'?! and linear cavity with Fabry—Perot
(FP) etalons. For a standing wave cavity, the FP cavity is the
primary choice to realize laser frequency selection due to its
easy operation and high efficiency, which have been inten-
sively investigated.!13-13]

The Nd:KGd(WOy4), (Nd:KGdW) crystal is known as an
effective laser crystal for near-infrared solid-state lasers. Com-
pared with other popular Nd-doped gain media, Nd:KGdW of-
fers high stimulated emission cross-section, broad gain band-
width, high optical damage threshold, and high Nd** ion dop-
ing level. However, the low thermal conductivity of KGdW
crystal results in strong cylindrical thermal lensing.!'%!7] Pre-
vious researches of Nd:KGdW lasers mainly focused on con-
tinuous wave (CW),[IS] Q-switched,ml mode-locked,[zo’zll
and stimulated Raman scattering laser operations!??! and there
has been no Nd:KGdW SLM laser reported.

The KGdW is a biaxial crystal with three principal mutu-

ally orthogonal axes marked as N, Np, and Ng, their refractive

DOI: 10.1088/1674-1056/abea99

indices are ordered as n, < ny < ng. In 2012, Loiko et al. stud-
ied the thermal lens properties for different-oriented KGdW
crystals, and found that the minimal thermo-optic aberration
light propagation direction was along the N +30° in the N,—
N, plane, which is called ‘athermal’ direction.**! The exis-
tence of the ‘athermal’ direction is due to the negative thermo-
optic coefficient dn/dT, where n is the refractive index and
T is the temperature. The temperature and stress-dependent
refractive indices compensate for each other, resulting in a re-
markably lower thermal lensing.*4-26 It is proved that the
output power scaling capacity of Nd:KGdW laser becomes
comparative to that of Nd:YAG laser along this ‘athermal’
direction.?”] The SLM operation can generate more thermal
residues than the common laser operation without laser modes
suppressing. It will not only influence the output/pump effi-
ciency but also aggravate the thermal lens effect. However,
the special ‘athermal’ direction offers the KGdW crystal fur-
ther possible applications without the limitation of the severe
thermal lensing effect. In this paper, using a Nd:KGdW laser
rod cut along the Ny principle optical axis, we successfully
demonstrate a Nd:KGdW SLM laser. The low thermal lensing
effect plays an important role in facilitating the SLM opera-
tion.

2. Experimental setup

The experimental setup is shown in Fig. 1, where used
a simple plane-plane resonator with a total cavity length of
85 mm. The pump source is a fiber-coupled (400 pm in diam-
eter, NA =0.22) laser diode with a central wavelength around
808 nm and maximum CW output power of 25 W. The pump

*Project supported by the National Natural Science Foundation of China (Grant Nos. 11674273 and 61805209).

fCorresponding author. E-mail: lanruijun1 @163.com
© 2021 Chinese Physical Society and IOP Publishing Ltd

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn

084201-1


http://dx.doi.org/10.1088/1674-1056/abea99
lanruijun1@163.com
http://iopscience.iop.org/cpb
http://cpb.iphy.ac.cn

Chin. Phys. B Vol. 30, No. 8 (2021) 084201

beam is coupled into the laser crystal by two collimating lenses
with 2:1 demagnification, thus the pump spot diameter in the
crystal is about 200 um. The M1 is a plane dichroic mirror:
one face is AR-coated at 808 nm, and the other face is AR-
coated at 808 nm and HR-coated at 1067 nm. The M2 is a
plane output coupler with a transmission of 8% at 1067 nm.
The laser material is a 5%-Nd-doped uncoated KGdW crystal
with dimensions of 4 mmx4 mmx2.3 mm. The selection of
high doping level and short length crystal is out of the consid-
eration of both efficiency and compactness of the SLM laser.
The Nd:KGdW crystal is wrapped with indium foil and held
in a water-cooled copper heat sink, where the water temper-
ature is controlled at 15 °C throughout the experiment. Two
FP etalons (0.3 mm and 0.5 mm in thickness) are employed
as frequency selectors. The laser spectra, output power and
output FP spectrum are recorded with an ocean optics spec-
trometer (HR4000CG-UV-NIR), a power meter (Ophir, Nova
II) and a Fabry-Perot scanning interferometer (THORLABS,
SA200-18B, FSR =1.5 GHz).

pump laser M1 FP etalons M2
- ~ 1
aser

— _iHH_ —==
——

- a YV
coupling  \4 gGaw filter
system

Fig. 1. Experimental setup for single-longitudinal-mode Nd:KGdW laser.

3. Results and discussion

First, we test the CW laser performance without FP
etalons in the cavity. The output power of the Nd:KGdW
laser as a function of incident pump power is shown in Fig. 2.
The highest output power obtained is 0.5 W at incident pump
power of 4.7 W, corresponding to an optical conversion effi-
ciency of 10.6% and a slope efficiency of 12.2%.
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Fig. 2. Multi-mode output power of Nd:KGdW laser.

Figure 3 shows the output spectrum of the free running
Nd:KGdW laser. The blue line represents the driving voltage
of the piezo actuator (PZT) and the green line refers to the lon-
gitudinal modes of the output lasers, which indicates that the

laser is operating in a multi-mode condition. In order to make
a comparison between the multi-mode laser output power and
SLM laser output power, the former is also measured with a
cavity length of 85 mm. The relatively low efficiency of the
free running laser may be attributed to the extra losses derived
from the uncoated crystal facets and the long cavity length.

Fig. 3. Output spectrum of free-running Nd:KGdW laser

Owing to the broad gain linewidth of the Nd:KGdW crys-
tal, it is impossible to achieve the SLM laser by designing a
micro-chip laser cavity. Luckily by using the narrowband FP
etalons, the parameter window for laser cavity length can be
substantially increased. The transmission curve of the etalon
is determined together by its refractivity, thickness, and an-
gles. When the refractivity is given, the thickness and angle
play a leading role in obtaining a narrow transmission curve.
In our experiment, we first try a single 0.5-mm thick etalon to
select the longitudinal mode, but the result is not ideally good,
the output spectrum shows multi-peaks inside a free spectral
range. Then we insert two etalons (with 0.3 mm and 0.5 mm
in thickess) into the cavity to guarantee the generation of SLM
laser. After carefully tuning, we successfully achieve the SLM
laser. The plot of output power versus incident pump power
is shown in Fig. 4, showing that the highest output power is
64.8 mW at an incident pump power of 4.7 W, corresponding
to an optical conversion efficiency of 1.3% and a slope effi-
ciency of 1.7%.
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Fig. 4. Single-longitudinal-mode power characteristics of Nd:KGdW laser.

The typical time behavior of the laser spectrum is shown
in Fig. 5. It can be found that only two peaks appear in a
1.5-GHz free spectral range, which indicates that an SLM op-
eration is obtained.
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1.5 GHz

Fig. 5. FP spectra of single longitudinal mode Nd:KGdW laser.

Figure 6 shows the laser spectra of both multi-mode
Nd:KGdW laser and SLM Nd:KGdW laser. The central wave-
lengths are both located at 1067 nm, the full width at half max-
imum (FWHM) of the multi-mode laser spectrum is measured
to be 1.9 nm, while the SLM laser spectrum is measured to be
0.9 nm. With FP etalons inside the cavity, the laser operated in
SLM condition throughout the experiment, no mode-hopping
phenomenon is found.
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Fig. 6. Laser spectra of SLM and multi-mode Nd:KGdW laser.

4. Conclusion and perspectives

In this paper, we report a CW 1067-nm Nd:KGdW SLM
laser by the double FP etalons technique. The utilizing of the
N cutin an ‘athermal’ direction dramatically lowers the ther-
mal lens effect inside the laser crystal, which is very helpful
in realizing the Nd:KGdW SLM laser. The highest SLM out-
put power of 64.8 mW is obtained at incident pump power
of 4.7 W, corresponding to an optical conversion efficiency of

1.3% and a slope efficiency of 1.7%. This unique ‘athermal’
direction will pave the way for KGdW crystal to have wider
application fields.
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