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Abstract: A high-power narrow-linewidth 1.55 µm pulsed laser, based on MgO:PPLN OPO, has been
achieved using a F–P etalon. The pump source is a 1064 nm acousto-optical (AO) Q-switched Nd:YAG
laser with a repetition rate of 10 kHz. Under the maximum pump power of 18 W, the signal output
power of 2.57 W is demonstrated at 1551.1 nm with a linewidth of 0.07 nm, corresponding to a slope
efficiency of 16.1%. Different from traditional inversion lasers, the narrow-linewidth wavelength
tunability of approximately 1.55 µm can be realized by changing the temperature.
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1. Introduction

Eye-safe 1.5 µm all-solid-state lasers have the advantages of good beam quality, stable
performance, and a compact structure, which has important application value in laser
radar, laser rang finding, photoelectric countermeasure, optical communication, etc. [1–3].
In particular, a 1550 nm narrow-linewidth laser is located in the lowest loss transmission
window and zero dispersion zone of the zero dispersion shifted fiber, which is widely used
in optical fiber communication [4]. At present, a 1.5 µm laser can be obtained based on
Er3+ doped gain crystals by the energy transition from 4I13/2 to 4I15/2. Considering that
single ion doped laser crystals usually emit at 1645 nm or 1615 nm, Yb3+ sensitization
is usually required [5]. However, the maximum output power of Er3+/Yb3+ co-doped
crystals is only ~2 W due to the low thermal conductivity and the strong up-conversion
loss [6]. Another alternative is to utilize nonlinear frequency conversion, such as an optical
parametric oscillator (OPO) or a Raman laser [7–10]. The optical parametric oscillator,
based on 5 mol% MgO-doped periodically poled lithium niobate (MgO:PPLN) crystals,
has attracted extensive attention in recent years due to its high conversion efficiency, wide
wavelength tunability and ease of chip integration [11]. However, there is the problem of
linewidth broadening caused by high gain for pulsed MgO:PPLN OPOs.

In order to narrow the spectrum, it is an effective method to add frequency selection
elements, such as a volume Bragg grating (VBG) or a Fabry–Perot (F–P) etalon, in the
resonant cavity. Among them, the VBG is the preferred device for high power narrow-
linewidth OPOs because of the strong wavelength stability. In 2015, by using the VBG as
a reflective mirror, Peng et al. reported a high-power, narrow-bandwidth mid-infrared
MgO:PPLN OPO at 2907.55 nm with an idler bandwidth of 0.68 nm and an average output
power of 51.7 W, corresponding to a signal wavelength of 1679.11 nm with a bandwidth
of 0.12 nm [12]. However, the reflectivity peak of the VBG can only be tuned slightly via
temperature tuning with a slope of 0.014 nm/K. In contrast, the F–P etalon can effectively
accommodate both wide tuning and a narrow linewidth, which has been applied to realize
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continuous-wave single-frequency MgO:PPLN OPOs [13,14]. However, the linewidth
compression becomes difficult for pulsed OPOs due to the strong gain, and there are few
reports on narrow-linewidth pulsed OPOs [15,16]. In 2013, Peng et al. demonstrated
a narrow-linewidth MgO:PPLN OPO using two etalons in a ring cavity. An average
output power of 9.5 W was obtained at 1.655 µm, and the linewidth was compressed from
1 nm to 0.05 nm [16]. Therefore, based on the linewidth compression effect of etalons, a
narrow-linewidth pulsed OPO at 1550 nm is expected to be realized. However, the use of
dual etalons and ring configuration increases the complexity of the device, which is not
conducive to the miniaturization of the device or even chip integration.

In this paper, a narrow-linewidth pulsed MgO:PPLN OPO is demonstrated at
1.55 µm by inserting an etalon into a singly resonant V-shaped cavity. When the inci-
dent pump power is 18 W, a maximum average output power of 2.57 W is realized with a
center wavelength of 1551.1 nm and a full width at half-maximum (FWHM) of 0.07 nm. In
addition, the narrow-linewidth wavelength tunability can also be realized by changing the
temperature of the oven.

2. Experimental Setup

Figure 1 shows the experiment setup of the narrow-linewidth MgO:PPLN OPO. Based
on the asymmetric TEM00-mode flat-flat cavity with the birefringence compensation, a
linearly polarized acousto-optical (AO) Q-switched diode-side-pumped Nd:YAG laser is
demonstrated using an AO modulator (I-QS027-584G-U5-ST1, Gooch and Housego) [17].
Both of the Nd:YAG rods have a dimension of Φ5 mm× 130 mm and a doping concentration
of 0.6 at.%. The homemade Nd:YAG pulsed laser is used as the pump source, which delivers
an average output power of 30 W with a pulse width of 300 ns at a repetition rate of 10 kHz.
A 1/2 wave plate and an optical isolator (ISO) are used to adjust the incident pump power.
After the ISO, the other 1/2 wave plate is utilized to rotate the polarization state of the
pump light to match the best phase condition (e→e+e). Through a lens with a focal length
of 500 mm, the 1064 nm pump light is focused into the channel of MgO:PPLN crystal
with the grating period of 30.5 µm, and the corresponding focusing spot diameter is
450 µm. The PPLN crystal, manufactured by HC Photonics, is doped with 5 mol.% MgO
with dimensions of 50 × 8.6 × 1 mm3, which is mounted in an oven with a temperature
controlling accuracy of 0.1 ◦C. The oven (OV50D) was also purchased from HC Photonics
with a temperature controller (TC-038D), and the maximum temperature can be adjusted
to 200 ◦C. Both ends are coated with reflectivity (R) <0.5%@1064 nm, R < 1%@1430–2128 nm, and
R < 5%@2128–4800 nm. M1 is a flat input mirror, which is antireflection (AR) coated at 1.064 µm,
3.4–4.3 µm, and high-reflection (HR) coated at 1.4–1.6 µm. M2 (HR@1.4–1.6 µm, HT@1.064 µm,
and 3.4–4.3 µm) is a concave mirror with the curvature radius of 500 mm. M3 is a flat output mirror
with a transmission (T) of ~10% around 1.4–1.6 µm. The related parameters are summarized in
Table 1. To narrow the linewidth of the signal, a 0.35 mm-thick fused silica F–P solid etalon (R = 68%
@1550 nm on both sides) is inserted into the single resonant cavity at a small angle.
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Table 1. Mirror parameters used in the OPO and the negative sign represents a concave mirror.

Mirror Radius Coating

M1 Infinity AR@1.064 µm, 3.4–4.3 µm, and HR@1.4–1.6 µm
M2 −500 mm HR@1.4–1.6 µm, HT@1.064 µm, and 3.4–4.3 µm
M3 Infinity T = 10%@1.4–1.6 µm

3. Experimental Results

Firstly, the temperature tuning characteristic of the MgO:PPLN crystal is studied
without the wavelength-selecting element. In order to achieve the optimal phase matching
condition, the polarization state of the pump beam is perpendicular to the optical platform
by rotating the 1/2 wave plate. Under an incident pump power of 10 W, the output
spectrum of the signal is measured using an AQ6370C spectrum analyzer, which has a
resolution of 0.02 nm and a wavelength range of 600–1700 nm. The wavelength at the
center of the FWHM is recorded as the center wavelength of the signal wave. As shown
in Figure 2, when the temperature of the oven rises from 35 ◦C to 120 ◦C at intervals of
5 ◦C, the signal wavelength increases quasi-linearly from 1546.41 nm to 1579.57 nm with
a slope of 0.4 nm/K. The typical spectral width is 0.3 nm, which fluctuates by ±0.05 nm
in the temperature range from 35 ◦C to 120 ◦C. As shown in the inset of Figure 2, the
average output power of the signal is 1.55 W under an incident pump power of 10 W.
The power fluctuation is ±4% over the entire temperature range, which indicates that the
polarization of the signal is not affected by the crystal temperature. OPO is a second-order
nonlinear process involving the interaction of three optical fields, which needs to satisfy
the conservation of energy and momentum:

1
λp

=
1
λs

+
1
λi

, (1)

np

λp
− ns

λs
− ni

λi
− 1

Λ
= 0. (2)

where the parameters λ, n, and Λ represent the wavelength, refractive index, and crystal
poling period. The subscripts p, s, and i represent the pump light, signal light, and idler
light, respectively. Herein, n is a wavelength and temperature dependent refractive index of
e light, and the corresponding Sellmeier equation can be obtained from the reference [18]. A
comparison of theoretical and experimental curves is plotted in Figure 2. It is found that the
theoretical wavelength is ~5 nm lower than the experimental data, and similar discrepancies
can be discovered in the reference [19]. There are two reasons for this phenomenon: one is
that the actual temperature of the crystal may be lower than the temperature displayed on
the oven because the crystal is exposed to the air, and the other is that the deflection of the
crystal angle may lead to a larger actual period. According to the wavelength tuning curve,
the temperature of the oven is set to 46 ◦C to obtain the 1.55 µm signal wavelength. Based
on the AO Q-switched Nd:YAG pump source, the OPO output powers versus incident
pump powers are shown in Figure 3. With the increase of the incident pump power, the
OPO output powers increase almost linearly. Under the incident pump power of 18 W,
the maximum signal and idler powers of 4.06 W and 2.04 W are achieved with the slope
efficiencies of 23.6% and 12.3%, respectively. As shown in the inset of Figure 3, the center
wavelength is 1550.5 nm with a spectral width of approximately 0.5 nm at the maximum
pump power.
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Figure 2. Temperature tuning curves of the signal. Inset: average output power of the signal under
an incident pump power of 10 W.
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Figure 3. OPO output power versus incident pump power when the temperature is 46 ◦C. Inset:
output spectrum of the signal without the F–P etalon.

Then, inserting the F–P etalon into the cavity, a stable narrow-linewidth OPO output
is achieved by optimizing the temperature of the oven. The laser output characteristics
are investigated when the MgO:PPLN temperature is set to 46 °C. As shown in Figure 4,
the OPO output power linearly increases when the incident pump power exceeds 3 W.
Due to the extra loss of the inserted etalon, the output power and efficiency become lower
than those without the etalon. Under the incident pump power of 18 W, the maximum
output powers of signal and idler waves are 2.57 W and 1.61 W, corresponding to the slope
efficiencies of 16.1% and 10.2%. As shown in the inset of Figure 4, the output spectrum
of the signal is measured under the maximum pump power. The center wavelength is
1551.1 nm, with a FWHM of 0.07 nm. The corresponding idler wavelength is calculated to
be 3388 nm based on Equation (1). At 46 ◦C, the measured center wavelength fluctuation is
approximately ±0.04 nm within 5 min. The instability of the signal power is approximately
±5% under the influence of the pump power fluctuations. In addition, the narrow-linewidth
wavelength tuning can also be realized by changing the crystal temperature. Figure 5 shows
the signal spectra at different temperatures, and the corresponding center wavelengths
are 1548.63 nm @40 ◦C, 1550.94 nm @46 ◦C, and 1553.31 nm @54 ◦C with a FWHM of
approximately 0.05 nm when the incident pump power is approximately 3 W. When the
temperature is 46 ◦C, it can be found that with the increase of the pump power from 3 W to
18 W, the center wavelength of the signal has a red shift of 0.16 nm, which may be caused
by the increase of the crystal temperature with the incident pump power. Based on the
principle of multi-beam interference, the F–P etalon has different transmission for different
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wavelengths. As shown in Figure 5 (dotted line), the corresponding transmittance curve
can be plotted using the following transmission formula [20,21]:

T(λ) =
1

1 + 4R
(1−R)2 sin2

(
4πnd cos θ

λ

) , (3)

where T(λ) is the transmission function with respect to the signal wavelength λ, R = 0.68 is
the reflectivity of the etalon, n = 1.5 is the refractive index of the fused silica, d = 0.35 mm is
the thickness of the F–P etalon, and θ = 4.4◦ is the refraction angle of incident beam. The
free spectral range (FSR) is given by:

FSR =
λ2

2nd
(nm). (4)
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Figure 5. Comparison of the signal spectra (solid lines) and the transmission curve of the etalon
(dotted line).

When the signal wavelength λ is 1550 nm, the FSR is theoretically calculated to be
approximately 2.29 nm, which is in good agreement with the experimental results. The
signal pulse is recorded using a commercial InGaAs photodetector (EOT, ET-3000, USA)
and monitored by a digital oscilloscope (InfiniiVision DSOX3014T, KEYSIGHT). The single
pulse shape with a pulse duration of 120 ns is shown in Figure 6.
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4. Conclusions

In conclusion, we have demonstrated a high-power narrow-linewidth 1.55 µm pulsed laser,
based on the MgO:PPLN crystal, with a poling period of 30.5 µm. Without the wavelength-
selecting element, the maximum signal power of 4.06 W is achieved at 1550.5 nm with a slope
efficiency of 23.6%. To narrow the signal spectrum, a 0.35 mm-thick F–P etalon is inserted into
the single resonant cavity. Under a maximum pump power of 18 W, the signal output power
of 2.57 W is demonstrated at 1551.1 nm with an FWHM of 0.07 nm, corresponding to a slope
efficiency of 16.1%. The idler wavelength is calculated to be 3388 nm with an average output
power of 1.61 W. By changing the crystal temperature, a narrow-linewidth wavelength tuning
of approximately 1.55 µm can be realized.
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