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Abstract. Compact mid-infrared laser generation is achieved using a demonstrated shared-cavity optical para-
metric oscillator (OPO) based on periodically poled magnesium-doped lithium niobate (PPMgLN). The shared-
cavity design co-resonates the 1064 nm fundamental light and the ~1.5 pm signal wave within a single optical
cavity, thereby ensuring good spatial mode overlap and intracavity power enhancement. This configuration
substantially lowers the oscillation threshold and enhances the overall conversion efficiency. The oscillation
threshold at 807.6 nm is only 0.9 W. Under stable operation at a 5.0 W pump power, the system generates out-
put at 1472.9 nm (signal) and 3833.2 nm (idler), with respective output powers of 430 mW and 187 mW. Signal
linewidth is 0.9 nm, while the idler linewidth is relatively wide, 6.4 nm. The generated 3.8 pm mid-infrared laser
falls within the molecular “fingerprint” region — making it highly valuable for high-sensitivity spectral analysis
and trace-gas sensing — while the 1.5 um signal wavelength lies within the low-loss telecommunications window.

Keywords: Optical parametric oscillator, Shared cavity, Mid-infrared laser, PPMgLN.

1 Introduction

The mid-infrared spectral region — conventionally defined
as 2-20 um — encompasses the fundamental vibrational
absorption bands of numerous gas molecules and is there-
fore widely regarded as the “molecular fingerprint region”
[1]. Tt holds significant application potential in fields such
as trace gas detection, environmental monitoring, biomedi-
cal diagnostics, industrial process analysis, and optoelec-
tronic countermeasures |2, 3]. Of particular significance is
the 3-5 pm atmospheric transmission window, which offers
favorable propagation characteristics and therefore consti-
tutes an optimal spectral band for developing high-sensitiv-
ity spectroscopic techniques [4-6]. The 1.5 pm wavelength
band — widely adopted in optical communications — offers
several distinct advantages, including low-loss transmission
through standard optical fibers, mature and highly sensitive
detector technology, and intrinsic eye safety [7]. These attri-
butes render it exceptionally well suited for applications
such as lidar systems, free-space optical communication,
and fiber-optic sensing [8, 9]. As a pivotal technology for
generating coherent mid-infrared radiation, OPOs derive
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their appeal from three key attributes: broad spectral tun-
ability, high output power, and a fully solid-state architec-
ture. These features have fueled extensive research and
sustained technological advancement [10, 11].

Traditional OPO systems commonly adopt a discrete-
cavity configuration, wherein the fundamental light res-
onator and the OPO cavity operate independently [12].
This design leads to structural complexity, challenges in
spatial mode matching, limited system stability, and ele-
vated costs. To overcome these limitations, shared-cavity
OPO architectures have emerged. In such configurations,
both the fundamental light and the signal wave resonate
within a single common cavity — enabling precise spatial
mode overlap and intracavity power enhancement [13].
Consequently, optical conversion efficiency is significantly
improved, oscillation threshold is reduced, optical layout
is greatly simplified, and overall system stability is
enhanced. Meanwhile, the choice of pump source critically
influences system reliability, cost, and integration capabil-
ity. With c-mount packaging and beam shaping, laser
diodes deliver high electro-optical efficiency, superior ther-
mal management, stable beam quality, and cost-effective-
ness, making them the ideal pump source for compact,
robust, and economical all-solid-state mid-infrared OPO
systems. This paper proposes and develops a shared-cavity
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OPO system based on a c-mount LD pump source and
PPMgLN as the nonlinear crystal. The output characteris-
tics of the system at two distinct wavelength bands —
1.5 pm and 3.8 pum — are systematically investigated.

2 Experimental setup

Schematic diagram of the experimental setup is shown in
Figure 1. An 807.6 nm c-mount LD is adopted as the pump
source. This LD, combined with a fiber-based beam shaping
and focusing configuration, uses a fiber to homogenize and
condition the raw output beam into a uniform and stable
near-Gaussian spot, greatly improving the spatial quality
and pointing stability of the pump light. At the same time,
this structure achieves efficient heat dissipation through
c-mount packaging, supporting the stable operation of the
LD at high power. Compared to the structure utilizing a
fiber-coupled LD array, the present design offers greater
compactness and simplicity.

The laser medium is a Nd:YVO, crystal with a size of
3 x 3 x 5 mm?® and 0.2 at. % Nd* -doping. The left side
of the crystal, M, is coated with an 807.6 nm high-trans-
mission (HT) coating (T > 98%) and a 1064 nm, 1.4
1.6 pm high-reflection (HR) coating (R > 99%). The right
side of the crystal is coated with a 1064 nm, 1.4-1.6 pm
anti-reflection (AR) coating (R < 0.5%). The output mir-
ror, M, has a radius of curvature of 100 mm. Its left side
is coated with a 1064 nm HR coating (R > 99%), a 1.4-
1.7 HR coating (R = 98%), and a 34 pm AR coating.
The right side is coated with a 1.4-1.6 pm and 3-4 pm
HT coating. The material of the output mirror is CaFs,
which has a relatively small absorption coefficient in the
mid-infrared range, facilitating the output of mid-infrared
idler light. Both M;, and M,. have the HR coating at
1064 nm, forming a resonant cavity for the fundamental
light at 1064 nm; they also have the HR coating for the sig-
nal light, forming a resonant cavity for the OPO system.
The resonant cavity length is 65 mm, and the total length
including the LD is only 70 mm.

The PPMgLN crystal is 50 mm in length, and both sides
are coated with a 1.4-1.6 pm and 3-4 pm HT coating. The
thickness of the PPMgLN crystal is 1 mm. The PPMgLN
crystal is mounted on a copper heat sink with a thermoelec-
tric cooler (TEC) maintaining a setpoint of 25 £+ 0.1 °C,
and the MgO doping can effectively suppresses photorefrac-
tive damage under our experimental conditions. We
selected five periods of 28.6, 28.8, 29.0, 29.2, and 28.4 um,
which can achieve tuning of the signal light from 1435 to
1473 nm and the idler light from 4114 to 3833 nm.

The shared-cavity OPO resonates both the fundamental
and signal lights within a single optical cavity, leading to a
fundamental enhancement in system performance. This
architecture not only significantly increases the intracavity
power of the fundamental light — thereby providing stron-
ger driving power for nonlinear conversion — but also, and
more importantly, ensures perfect spatial mode matching
between the two beams. Across the entire cavity, especially
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Figure 1. Schematic diagram of the experimental setup.

within the nonlinear crystal, the spot sizes and wavefront
curvatures of the fundamental and signal modes are auto-
matically aligned. This enables highly efficient parametric
oscillation and fundamentally overcomes the conversion-
efficiency limitations imposed by mode mismatch in con-
ventional external-cavity designs.

In terms of mechanical structure, all beams share the
same cavity mirrors and mechanical mounts, which greatly
reduces sensitivity to vibration, thermal drift, and mechan-
ical misalignment. This configuration endows the system
with good short-term stability over a two-hour period and
beam pointing stability. Meanwhile, the inherent mode-
selection property of the resonator guarantees that the out-
put signal beam possesses a narrow spectral linewidth. This
structure is simple and compact, providing a compact and
low-cost architecture for mid-infrared continuous-wave
lasers.

Using ABCD matrix analysis [14-16], the fundamental
mode waist radius at the plane mirror Mj, is calculated to
be 122 um in the cold cavity as shown in Figure 2. The mea-
sured LD spot radius at 807.6 nm is about 100 um, giving
an overlap integral of approximately 0.96, which confirms
excellent mode matching at 1064 nm. Under high-power
pumping, thermal lenses in both Nd:YVO, and PPMgLN
are considered [17]. At 5.0 W pump power, the calculated
thermal focal lengths are 48 mm and 96 mm, respectively.
Including these thermal lenses, the waist radius at M,
decreases to 105 pm, still well above 100 pm, and the fun-
damental overlap integral reaches approximately 0.99.
The cavity stability parameter remains between 0.21 and
0.35 for all pump powers (0-5.0 W), far below the stability
limit of 1. For the signal light, taking 1500 nm as an exam-
ple, at the pump power of 0 W, at the center of the PPLN
crystal, the beam waists of the fundamental and signal
lights are 124 pm and 147 pm, respectively, with an overlap
integral of 0.97. At the pump power of 5.0 W, the corre-
sponding beam waists become 130 pm and 108 pm, with
an overlap integral of 0.96. Over the all pump powers (0—
5.0 W), the signal beam waist remains less than the actual
fundamental beam waist, maintaining good mode
matching.
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3 Results and discussion
3.1 Output spectral characteristics

Firstly, when the PPMgLN’s period is 29.4 pm, under dif-
ferent pump powers (1.0, 3.0 and 5.0 W), we used the Yoko-
gawa AQ6370 (resolution 0.02 nm) optical spectrum
analyzer to measure the output spectra of the fundamental
and signal lights of the OPO system as shown in Figure 3.
With the increase of pump power, the output intensity of
the fundamental light at 1063.9 nm remains basically
unchanged, while the intensity of the signal light at
1472.9 nm increases significantly. During the nonlinear con-
version operation of the OPO system, the power of the fun-
damental light in the cavity is always maintained near the
oscillation threshold. When the externally injected pump
energy increases, any additional pump energy is not used
to further enhance the intensity of the fundamental light
in the cavity, but is almost entirely used to drive the para-
metric down-conversion OPG process, efficiently converting
into signal light at 1472.9 nm and idler light, and out-
putting through the output mirror to the outside of the
cavity.

Then, we measure the output spectra of the signal and
idler lights of the OPO system using a mid-infrared spec-
trometer (Bristol 771 Spectrum Analyzer, resolution
4 GHz), when the PPMgLN’s period is 29.4 pm, as shown
in Figure 4. The wavelength of the signal light is
1472.9 nm, and that of the idler light is 3833.2 nm. The line-
width of the fundamental light is 1.8 nm, and that of the
signal light is 0.9 nm. Interestingly, the linewidth of the
idler light is relatively wide, approximately 6.4 nm. In this
OPO system, the asymmetry in the linewidths of the funda-
mental, signal, and idler lights originates from the differ-
ences in their mode selection and gain mechanisms within
the resonant cavity. In this study, the signal light is
designed as an intracavity resonant mode, and its wave-
length is constrained by the longitudinal mode structure
of the optical OPO cavity. The high reflectivity of the cav-
ity mirrors and the multiple round-trip interference effect
significantly narrow its linewidth and improve its spectral
purity. In contrast, the gain of the idler light does not come
from resonant amplification but is entirely dependent on
the parametric down-conversion process in the nonlinear
crystal.

The output wavelengths of the signal light and the idler
light are very stable, as shown in Figure 5. Within a two-
hour period, the signal light varies between 1472.79 nm
and 1473.03 nm, with a fluctuation range of only
0.24 nm, while the idler light varies between 3832.51 nm
and 3834.25 nm, with a fluctuation range of only 1.74 nm.

3.2 Parasitic visible light

We also measure the output spectra of parasitic visible
light, pump light and signal light using a micro fiber optic
spectrometer (Avantes AvaSpec-2048FT-SPU), as shown
in Figure 6. In the visible light section, visible lights at
532.0 nm, 616.6 nm and 736.5 nm appear. Actually, the
green light at 532.0 nm is the second harmonic of the fun-
damental light at 1063.9 nm, the red light at 736.5 nm is
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Figure 2. LD, fundamental and signal beam waists vs. pump
power (0-5.0 W).

the second harmonic of the signal light at 1472.9 nm, while
the orange light at 616.6 nm is the sum frequency of the fun-
damental and signal lights [18]. In this OPO system, the rel-
ative intensities of the visible lights (second harmonic and
sum frequency) are mainly determined by the field intensi-
ties of the corresponding nonlinear processes and the degree
of phase matching optimization. Among them, the sum fre-
quency of the fundamental and signal lights is usually the
strongest, as it is driven by the strongest fundamental
and signal lights in the shared cavity and its phase match-
ing condition is often associated with the tuning of the main
parametric process, making it easy to achieve a high conver-
sion efficiency [19]. The second harmonic of the fundamen-
tal light is often weaker, as the phase matching of this
process is actively suppressed during the OPO design stage
through crystal period to avoid energy loss of the funda-
mental light and ensure the efficiency of parametric
down-conversion. The second harmonic of the signal light
has the weakest intensity, although it is driven by a strong
signal light, its phase matching condition is independent of
the main OPO design and is usually not in the optimal
state. These parasitic visible lights reduce the energy of
both the fundamental and signal lights.

The total power of visible light is low, with a maximum
power of only 30 mW. Although the power is very low, it
can still affect the stability of the signal light power. The
total parasitic power is less than 1% of the pump power,
confirming a negligible impact on the overall conversion effi-
ciency. Possible suppression strategies include: designing
the poling period to detune parasitic phase-matching,
inserting anti-reflection coatings for visible wavelengths
inside the cavity, or moderately reducing the pump focus-
ing. In the present work, no extra suppression is applied
because the parasitic power is already negligible.

3.3 Output power characteristics

We measure the output powers of the signal light, idler light
and total OPO under different pump powers, as shown in
Figure 7. The threshold of the OPO system at 807.6 nm
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Table 1. Comparison of key performance parameters between the present shared-cavity OPO and previous works.

Structure Oscillation threshold Wayvelengths Output power Efficiency System dimensions Reference
Intra-cavity 2.8 W 3.2 um 410 mW 7.7% > 140 mm [7]
Intra-cavity 1.6 W 3.52 pm 65 mW 2.2% / [20]
Self-intra-cavity >8W 3.86 pm 0.38 W 2.5% > 128 mm [9]
Intra-cavity 2W 3.3 um 1.32'W 7.2% > 200 mm [21]
Extra-cavity 1.86 W 3217 nm 1101.2 mW 12.5% > 300 mm [12]
Shared-cavity 6.9 W 1476.4 nm, no idler 580 mW / 120 mm [13]
Shared-cavity 0.9 W 3833.2 nm 187 mW 3.7% 70 mm Here

Meanwhile, the output power stability of the signal light
and the idler light is measured over a period of two hours, as
shown in Figure 8, with power fluctuations of 2.6% and
1.5%, respectively. The stability of the signal light is slightly
poorer, which is primarily caused by the parasitic oscilla-
tions in the visible light. The output beam spot of the signal
light at 1472.9 nm is also shown in Figure 8, which is mea-
sured using a slit-scan beam profiler (Beam 'R2, DataRay
Inc.). The output spot has good symmetry and an ellipticity
of 0.98, along with a Gaussian energy profile. The M? factor
is measured to be approximately 1.3. These results confirm
the favorable performance of the shared-cavity structure,
reflecting its high quality and proper alignment.

When the PPMgLN’s periods are 28.6, 28.8, 29.0, 29.2
and 29.4 pm respectively, the idler powers of the mid-infra-
red wavelengths at 4114.8, 4046.9, 3977.2, 3907.0 and
3833.2 nm are 136, 149, 158, 167 and 187 mW under the
5.0 W pump power, respectively, as shown in Figure 9.

3.4 Performance comparison

To directly evaluate the performance of our shared-cavity
OPO against state-of-the-art configurations, we summarize
in Table 1 the key parameters of the present system
together with those of representative previous works [7, 9,

12, 13, 20, 21]. As summarized in Table 1, the shared-cavity
OPO presented in this work exhibits several distinct advan-
tages over previously reported configurations. First, the
oscillation threshold of 0.9 W is the lowest among all com-
pared systems. Second, the total length of 70 mm is the
most compact, which is enabled by eliminating separate
pump coupling optics. Third, despite the simplicity of the
design, the mid-IR output performance (187 mW at
3833.2 nm, 3.7% efficiency) is competitive with or better
than many more complex systems. Our efficiency is compe-
titive with those of reported intra-cavity and extra-cavity
OPOs. The main limiting factors are round-trip + loss
~4% (including 2% output coupling and 2% other losses),
mode overlap integral =~0.96, and parasitic nonlinear
processes.

It is also important to note that both intra-cavity and
extra-cavity configurations typically require multiple cavity
mirrors and/or external coupling lenses, leading to larger
footprints and more critical alignment procedures. In con-
trast, our shared-cavity architecture uses only two mirrors
(M, directly coated on the Nd:YVO, crystal and M. as
the output coupler) and no additional beam-shaped optics.
This inherent simplicity not only reduces the system
size but also improves long-term stability and ease of
operation.
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4 Conclusion

This paper presents a mid-infrared OPO based on a shared
cavity structure and a c-mount packaged LD pump source.
This efficient design achieves good spatial mode self-consis-
tency and cavity power enhancement of the fundamental
and signal lights through a shared cavity, significantly
improving the conversion efficiency. Meanwhile, the adop-
tion of a shared cavity structure greatly reduces the com-
plexity and cost of the OPO system, enabling a compact,
economical and reliable integrated device. Using a low-
power LD and a simple shared cavity structure, mid-infra-
red laser output can be achieved. Such a configuration not
only maintains system miniaturization and operational sim-
plicity but also expands the potential for applications in
spectroscopy, sensing, and infrared imaging where tailored
mid-infrared laser radiation is highly desirable.

The continuous-wave operation mode has limitations in
peak power and transient detection capability. Therefore,
future work will focus on the research of pulsed shared-cav-
ity OPOs by adopting Q-switched or mode-locked struc-
tures, it is expected to obtain high peak power and
narrow pulse width mid-infrared output while maintaining
the high efficiency and stability of the shared-cavity struc-
ture. This direction is expected to further expand the appli-
cation of the system in fields such as lidar, nonlinear
spectroscopic imaging, and ultrafast detection. At the same
time, exploring pulsed shared-cavity OPOs based on other
nonlinear crystals (such as PPLT, PPKTA, ZGP, etc.) will
also be an important way to achieve wider coverage of the
mid-infrared band.
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