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Optical parametric oscillators (OPOs) can downconvert the pump laser to longer wavelengths with octave sep-
aration via χ �2�, which is widely used for laser wavelength extension including mid-infrared (MIR) generation.
Such a process can be integrated in monolithic resonators, being compact and low in threshold. In this work, we
show that the monolithic χ �2� mini-OPO can also be used for optical frequency comb generation around 2096 nm
and enters the boundary of MIR range. A new geometry called an optical superlattice box resonator is developed
for this realization with near-material-limited quality factor of 4.0 × 107. Only a continuous-wave near-infrared
pump laser is required, with OPO threshold of 80 mW and output power up to 340 mW. Revival temporal
profiles are measured at a detectable repetition frequency of 1.426 GHz, and narrow beat note linewidth of less
than 10 Hz shows high comb coherence. These results are in good agreement with our simulation for a stable
comb generation. Such an OPO-based comb source is useful for carbon dioxide sensing or the mine prospect
applications and can be generalized to longer MIR wavelengths for general gas spectroscopy. © 2022 Chinese
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1. INTRODUCTION

The nonlinear optical frequency conversion process based on
second-order nonlinearity can generate coherent radiations with
new frequencies at octave separation with the pump, where ef-
ficient optical frequency downconversion can be achieved in an
optical parametric oscillator (OPO) [1–15]. Such OPOs are of
special importance to fulfill a specific wavelength requirement
that is difficult for direct laser generation, for example, the
mid-infrared (MIR) [16,17]. It also offers wide tunability by tai-
loring the phase-matching conditions, which is another impor-
tant feature for spectroscopy applications [18,19]. Compared to
the normal OPOs using bulk optics, mini-OPOs have been de-
veloped in a more compact and robust platform using mono-
lithic optical resonators [20–23]. Such mini-OPOs have been
demonstrated using lithium niobate (LN), which is known
for its high nonlinear optical coefficient in χ�2�, especially to-
gether with domain engineering techniques using optical super-
lattice structures [24–26]. With high quality factors and small

mode volumes, these mini-OPO platforms enable ultralow
threshold and efficient oscillation [22,23,26]. Besides the con-
ventional single-frequency OPOs, the optical frequency combs
(OFCs)may also be generated inmini-OPOs, and they can push
the spectroscopy performance to a new level, in terms of both
resolution and sampling speed, for trace gas detection, environ-
mental monitoring, medical diagnostics, and so on [27–30].
The OFCs in χ�2� OPOs have been demonstrated, using bulk
optics or in monolithic resonators [31–33]. However, the dem-
onstration for pushing the comb wavelength to the MIR region
has not been achieved in a mini-OPO, and high power capacity
in a compact system is also important for remote sensing
applications.

In this work, we demonstrate an OFC generation at 2 μm
from a χ�2� mini-OPO. Such a process is enabled by a new
monolithic resonator design called an optical superlattice
box resonator (OSBR). A doubly resonant condition is config-
ured by the dielectric coating design on the OSBR facets, and it
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simplifies the phase matching for broadband OFC generation.
The OSBR confines the light in a lithium niobate dielectric
superlattice waveguide cavity sized 0.076 mm × 0.484 mm ×
48.4 mm, with high quality factor (Q) of 4.0 × 107. Pumping
with a continuous-wave (CW) near-infrared (NIR) laser at
1048 nm, OFC around 2096 nm is generated with low OPO
threshold of 80 mW and enters the boundary of MIR wave-
length. The comb span exceeds 40 nm with maximum output
power of 340 mW and conversion efficiency up to 12.4%.
Consistently revival temporal waveforms can be captured, and
good comb coherence is presented by narrow beat note line-
width of less than 10 Hz at a detectable repetition frequency
of 1.426 GHz. The above spectral and temporal measurement
results agree with our simulation, showing a stable χ�2� comb
generation.

2. OPTICAL SUPERLATTICE BOX RESONATOR

A perfect electromagnetic resonator can be formed by a rectan-
gular boundary over a dielectric medium, and such a box res-
onator is a popular model in textbooks [34]. For the optical
wave, we use this old concept to realize a new structure of a
high-Q OSBR. As shown in Fig. 1(a), all six surfaces of the
OSBR are finely polished for transverse optical confinement
by total internal reflection [35–37], and the longitudinal con-
finement can be achieved by wavelength-selective optical coat-
ings, which are designed to be doubly resonant for signal and
idler wavelengths and single pass for the pump. Domain engi-
neering is also incorporated in this device for flexible quasi-
phase-matching (QPM).

The fabrication process is shown in Fig. 1(b). It starts from
the optical superlattice fabrication over a 76.2-mm-diameter
MgO-doped LN wafer with our whole wafer poling technique.
Then this wafer is polished down to a thickness of 76 μm with
subnanometer surface roughness and coated with 110 nm
Ta2O5 cladding layers to minimize the MIR absorption, fol-
lowed by 200 nm SiO2 layers for crystal bounding. Lithium
tantalate (LT) substrates are used to sandwich the optical super-
lattice wafer for easy handling and thermal management. After
slicing and fine polishing, the OSBR can be fabricated with
coatings on the two small facets, with 99.8% and 99% reflec-
tion, respectively, at around 2096 nm, and antireflection at
1048 nm. Each resonator is mounted in a thermally conductive
metal housing for precise temperature control.

The poling period of the OSBR is 31.8 μm for the QPM
optical parametric downconversion process from 1048 to
2096 nm. This process is chosen for comb generated at small
anomalous dispersion wavelength of the resonator. To charac-
terize the dispersion andQ of OSBR, we build a laser with large
mode-hop-free tuning range at around 2100 nm by difference
frequency generation (DFG) using a bulk periodically poled
lithium niobate (PPLN) crystal. The DFG output is generated
using a CW Ti-sapphire laser (M Squared SolsTiS) and an
erbium-doped fiber amplified tunable semiconductor laser
(TSL, Santec TSL-710). With the Ti-sapphire laser fixed at
890.47 nm, we sweep the wavelength of the TSL over a 20 nm
range with a tuning rate of 100 nm/s, which corresponds to
37 nm DFG tuning around 2100 nm. A hydrogen cyanide
(HCN) gas cell and a fiber Mach–Zehnder interferometer

(MZI) are used for absolute wavelength calibration and linear-
izing the scan, respectively. With this DFG setup, we can scan
the 2 μm laser across the cavity resonances with 37 nm span,
and dispersion of the TM00 mode can be measured from the
wavelength-dependent free spectral range (FSR) [Fig. 1(c)].
The measurement agrees well with the finite element simula-
tion results, showing a small anomalous dispersion around
2100 nm. When scanning the 2 μm laser across the resonances,
some higher-order modes can be well distinguished as shown in
Fig. 1(d). In experiment, because of the relatively lower Q of
the high-order modes, most of them can be well suppressed,
and the fundamental mode holds the highest transmission. The
FSR of the OSBR is measured to be about 1.426 GHz, and it
agrees with its 48.4 mm cavity length. The inset shows a zoom-
in of the fundamental-mode resonance, and its linewidth is

Fig. 1. Schematic and characterization of an optical superlattice box
resonator. (a) Structure of the OSBR. The optical superlattice “box” is
sandwiched by lithium tantalate (LT) substrates, with an effective size
of 0.484mm × 0.076mm × 48.4mm. It confines the optical waves for
the signal and idler from all six surfaces. (b) Fabrication process of the
OSBR. The optical superlattice wafer is thinned to 0.076 mm by
mechanical polishing and then sandwiched by LT substrates with
Ta2O5 and SiO2 films as buffer layers. Then it is sliced and precisely
polished for all the surfaces. Optical coatings are applied with wave-
length selectivity: S1, AR at 1048 nm, R � 99.8% at 2096 nm; S2,
AR at 1048 nm, R � 99% at 2096 nm. Finally, the OSBR is mounted
in thermally conductive metal housing for thermal control.
(c) Measured and simulated FSRs and dispersion of the TM00 mode
as a function of wavelength. Small anomalous dispersion is fitted for
OSBR at around 2100 nm. (d) OSBR transmission signal. The beam
profile is fine adjusted to match the TM00 mode field so that only the
TM00 mode can be excited efficiently. The inset is a zoom-in picture
of one transmission peak of the TM00 mode with quality factor of
4.0 × 107.
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fitted to be 3.6 MHz full width at half-maximum (FWHM),
which corresponds to a Q of 4.0 × 107. We focus on the fun-
damental mode for the following study.

3. 2 μm COMB GENERATION

In experiment, the pump light is from an ytterbium-doped fi-
ber amplifier (YDFA), which is seeded by a CW tunable laser
(Toptica CTL 1050). As shown in Fig. 2(a), a small portion of
the pump is reflected by a 4% beam splitter for frequency and
power stabilization. A wavelength meter (HighFinesse WS-U)
is used to stabilize the frequency of seed laser, and a long-
term stability within 1.5 MHz at around 1048 nm is achieved.
The intensity noise from the YDFA is suppressed using a
proportional-integral-derivative (PID) feedback loop to reduce
the absorption-induced thermal fluctuation on the resonances
of the OSBR. The pump beam is then directed through a set of
cylindrical lenses to match the mode profile of the resonator.
The OSBR is placed in a doubly enclosed metal mount, where
the mount and internal enclosure are thermally stabilized using
a Peltier cooler, with the isolation from the external enclosure.
Submillikelvin temperature stability can be achieved by high-
performance temperature controllers. A pump-rejection filter is
used after the resonator to separate the residue pump light from
the output.

For our OSBR-based doubly resonant OPO, the pump in-
tensity required to reach the oscillation threshold can be ex-
pressed as [38]

I th �
cε0npnsniλsλiαsαi

32π2L2d 2
eff

, (1)

where c, ε0, and λ are the speed of light, dielectric constant, and
wavelength in a vacuum, respectively; n and d eff � 14.8 pm∕V
are the refractive index and effective nonlinear coefficient of
LN, respectively; the subscripts p, s, i represent pump, signal,
and idler waves; α is the fractional round-trip power loss for the
resonant wave; and L is the length of the box resonator. In spite
of the large mode size, the threshold is calculated to be as low as
22 mW. In the experiment, the power of the 2 μm output as a
function of pump power is shown in Fig. 2(b), matching well
with the simulation. The OPO is observed with a low threshold
of about 80 mW, which is higher than the calculated value.

We assume such deviation may result from the mode mis-
matching between pump and parametric waves in the OSBR
as well as the loss in free-space optics for laser coupling, leading
to an effective pump coupling loss of 72.5%. The maximum
output power of 340 mW can be measured at 6.5 W pump,
and the maximum conversion efficiency of 12.4% can be cal-
culated at 0.23 W pump.

We couple the 2 μm output into a single-mode fiber for
further spectral and temporal studies. By increasing the pump
power over 300 mW and slightly changing the pump detuning,
a comb-like spectrum can be captured with an optical spectrum
analyzer (OSA, Yokogawa AQ6375). At pump power of 6 W, a
comb span of about 40 nm around 2096 nm can be observed
[upper panel of Fig. 3(a)]. The discrepancy between simulated
and experimental results may arise from the imperfect degen-
erate parametric downconversion due to the fluctuation of
OSBR temperature or pump laser wavelength. By slightly
changing the pump detuning toward the blue side, two peaks
appear in the comb spectrum, and the separation between these
two peaks continues to increase with the detuning [Figs. 3(b)
and 3(c)]. Due to the limited spectral resolution of the OSA,
which is larger than the comb line spacing, only the comb
envelope can be resolved. The abovementioned comb spectral

Fig. 2. Experimental setup and output power tuning measurement
of OSBR. (a) Experimental setup for 2 μm OFC generation. TSL,
tunable semiconductor laser; YDFA, ytterbium-doped fiber amplifier;
CLs, cylindrical lenses; PD, photodetector; BS, beam splitter; PBS,
polarization beam splitter; ESA, electronic spectrum analyzer. (b) The
output power of the 2 μmOFC as a function of the pump power. The
measured maximum output power exceeds 0.34 W with an OPO
threshold of 80 mW and a maximum conversion efficiency of 12.4%.

Fig. 3. Study of optical and RF spectra of the 2 μm OFC. (a), (b),
(c) The optical spectra of the OFC. The red curves show the measured
comb spectra with different pump frequency detuning around
1048 nm and pump power of 6 W. The gray curves show the simu-
lated spectra at stable comb states with 6 W pump power and at −0.6,
4.3, and 11 MHz pump frequency detuning, respectively. The lower
panel of (a) is the spectrum in linear scale at −0.6 MHz pump fre-
quency detuning. (d) Map of simulated comb spectra as a function
of the pump frequency detuning with 6 W pump power. The highly
coherent comb spectrum appears in detuning range from −4 to 0 MHz
as a single peak envelope profile; it splits into two peaks at blue detun-
ing, and the separation increases with the detuning. (e) RF beat note
spectrum of 2 μm OFC. (f ) RF beatnote spectrum around repetition
frequency at 1.426 GHz, which shows a clean peak with low noise
level. The further zoomed-in result shows a resolution bandwidth
(RBW) limited linewidth of 10 Hz (at −3 dB level).
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measurement can be simulated with good agreement in both
comb spans and envelope profiles. The gray curves in
Figs. 3(a)–3(c) are simulated with −0.6, 4.3, and 11 MHz
pump frequency detuning, respectively, at 6 W pump power.
The whole picture of the comb spectrum evolution is simulated
as shown in Fig. 3(d) and further confirms the experimental
observations. A single-peak comb envelope around wavelength
degeneracy can be achieved with red detuning from −4 to
0 MHz, and it splits into two peaks at blue detuning. The
abovementioned results also show similar tendency in compari-
son to earlier works with bulk crystals and second-harmonic
OFC generation [39,40].

The coherence of the 2 μm OFC is characterized with radio
frequency (RF) measurements. A fast InGaAs detector (EOT
ET-5000A) with RF bandwidth of 20 kHz to 10 GHz is used
to detect the photon current generated by the whole comb out-
put. The RF spectrum is measured by an electronic spectrum
analyzer (ESA, R&S FSVA30), with results shown in Fig. 3(e).
At proper pump detuning, clean beat note peaks can be cap-
tured at integer number times of the repetition frequency at
1.426 GHz, which is close to the cavity FSR of the 48.4 mm
long box resonator. Figure 3(f ) shows a zoom-in of the RF spec-
trum around the repetition frequency, with low noise level and
a narrow −3 dB linewidth of less than 10 Hz. Such results in-
dicate that the generated comb features consistent repetition
rate over the whole comb span with low noise.

We also study the temporal behavior of the OFC using a fast
oscilloscope (Tektronix MSO71604C) with 16 GHz band-
width. As shown in Fig. 4(a) and zoomed-in in 4(b), the tem-
poral waveforms can be observed with good repeatability. We
plot the traces of 285 round trips stacked together in one
round-trip time window of about 0.701 ns. As shown in
Fig. 4(c), they match well with each other, with a standard
deviation of less than 1.1%. They also match the time-domain
simulation, with 6 W pump power and −0.6 MHz detuning,
by considering the photodetector’s bandwidth limitation
(20 kHz to 10 GHz) in the numerical process. The simulated
temporal profile is shown in Fig. 4(d) and zoomed-in in 4(e).
Their good agreement reveals a coherent and stable OFC gen-
eration from our OSBR. For a better understanding of this
comb state, we simulate the corresponding temporal evolution
in 20,000 round trips of the parametric field without RF band-
width limitation. As shown in Fig. 4(f ), a stable temporal wave-
form can be simulated after 8000 round trips (5600 ns). It is in
a pulse-like shape that is not transform limited but has good
repeatability. Figure 4(g) shows the corresponding spectral evo-
lution, which also confirms a stable comb generation.

4. NUMERICAL MODELING

Numerical modeling is studied in comparison to the experi-
mental results. The simulation model we use is based on
the solution of coupled wave equations as shown below, which
is generally used for OPO studies and is also capable of the χ�2�

OPO comb generation process with minimum approximation
as discussed here:�
∂
∂z

� βp
∂
∂t

� i
γp
2

∂2

∂t2

�
Ep � −αpEp � i

ωpd eff

npc
EsEieiΔkz ,

�
∂
∂z

� βs
∂
∂t

� i
γs
2

∂2

∂t2

�
Es � −αsE s � i

ωsd eff

nsc
EpE�

i e−iΔkz ,

�
∂
∂z

� βi
∂
∂t

� i
γi
2

∂2

∂t2

�
Ei � −αiE i � i

ωid eff

nic
EpE�

s e−iΔkz :

(2)

The subscripts p, s, and i represent pump, signal, and idler
waves, respectively. α, d eff � 14.8 pm∕V, and n�ω� are the
propagation loss, the effective nonlinear coefficient, and the
frequency-dependent refractive index of the MgO-doped lith-
ium niobate [41], respectively.Δk is the phase mismatch for the
carrier frequencies, which is defined byΔk�kp−ks −ki −2π∕Λ,
where Λ is the poling period of PPLN. The carrier frequencies
satisfy the energy conservation ωp � ωs � ωi. β is related to
the group velocity by vg � 1∕β � c∕ng, and γ is the group
velocity dispersion. Both of them can be derived from n�ω�.

The boundary conditions can be described as follows:

Eout
j �t ,z�0��

ffiffiffiffiffiffiffiffiffiffi
1−Rj

q
E circ
j �t ,z�L�eiϕj −

ffiffiffiffiffi
Rj

q
E in
j �t ,z�0�,

E circ
j �t ,z�0��

ffiffiffiffiffiffiffiffiffiffi
1−Rj

q
E in
j �t,z�0��

ffiffiffiffiffi
Rj

q
E circ
j �t ,z�L�eiϕj ,

(3)

where Eout, E circ, and E in are the amplitude of output field and
the circulating field in the cavity and input field, respectively.

Fig. 4. Study of temporal waveforms and evolution of the 2 μm χ�2�

OFC. (a) The captured temporal waveform of 285 round trips in the
time domain. (b) Zoom-in of 10 ns temporal waveform, showing a
pulse train with a repetition period of 0.701 ns. (c) Stack plot of
285 round trips within one repetition period, which shows good re-
peatability with a standard deviation of less than 1.1 %. (d), (e) The
simulated pulse train in the time domain within 10 ns and one round
trip considering the RF bandwidth limit of the photodetector. They
agree well with the experimental results shown in (b) and (c) in com-
parison, respectively. (f ) Temporal evolution simulation for the OFC
without RF filtering. A stable temporal pattern is generated after 8000
round trips. The inset of (f ) shows a pulse-like temporal waveform in
the steady state. (g) The corresponding spectral evolution map. It also
shows a stable comb generation. All simulations in (d)–(g) are per-
formed under pump power at 6 W and detuning at −0.6 MHz,
for best agreement with the experimental results.
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j � p, s, i represent the pump, signal, and idler waves. Rj, L,
and ϕj are the equivalent reflectivity of the coupling mirrors,
the cavity round-trip length, and the round-trip phase detun-
ing. z � 0 and z � L represent the front and rear boundaries
of a round trip, respectively.

We use the split-step Fourier and fourth-order Runge–Kutta
methods [42] to simplify Eq. (2), where the OPO process is
split into small alternating steps in two types, with nonlinear
interaction and linear propagation, respectively. In this simpli-
fication, the linear step is calculated in the frequency domain,
while the nonlinear step is calculated in the time domain, and
the Fourier transform is performed between such two types of
steps for continuous simulation.

Taking the signal field as example, in the linear propagation
step �

∂
∂z

� βs
∂
∂t

� i
γs
2

∂2

∂t2
� αs

�
Es � 0, (4)

a coordinate transformation is performed to a reference frame
that is moving with a speed of vm, where m stands for the fastest
wave among pump, signal, and idler. Performing a Fourier
transformation into the frequency domain, and substituting
∂∕∂t with iω, Eq. (4) can be written as�

∂
∂z

� iω
�
1

vs
−
1

vm

�
− iω2 γs

2
� αs

�
Es �

�
∂
∂z

− D̂
�
Es � 0,

(5)

where we define the linear transmission operator D̂ for the
abovementioned linear propagation effect inside the OSBR.

The three-wave coupling in Eq. (2) is simulated in the non-
linear interaction step, which is denoted by the nonlinear op-
erator N̂ :

N̂ Es �
∂Es

∂z
� i

ωsd eff

nsc
EpE�

i e−iΔkz : (6)

Thus, the field evolution after every step sizeΔh can be writ-
ten as

∂Es

∂z
� �N̂ � D̂�Es, (7)

which can be solved as

Ep,s,i�z � Δh, t� ≈ F −1
T exp�ΔhD̂�FT exp�ΔhN̂ �Ep,s,i�z, t�:

(8)

The pump and idler fields can be derived in a similar way.
Here, in our 48.4 mm long OSBR, we have a maximum

bandwidth on the order of 10 THz for the parametric lights.
Considering the bandwidth of the generated comb and the
computer processing speed, sub-100-fs temporal resolution is
used in the simulation.

For the signal and idler light fields, we consider the OSBR’s
front facet to be totally reflective and the rear facet to be with a
reflectivity of 98.5 % (corresponding to the measured quality
factor of 4 × 107 and assuming αp,i,s � 0). Both facets are si-
mulated to have 100 % transmission for pump light. The initial
signal and idler light fields are set as quantum noise. The pump
frequency detuning is determined by the frequency difference
between ωp∕2 and its closest cavity resonance.

We find that the buildup for the OPO process requires
about 8000 round trips in the 48.4 mm long OSBR before
reaching a steady state. So comb characterization is performed
after this build-up time in all the simulations. Here we study
the comb coherence at different pump frequency detunings and
pump powers. The comb coherence is characterized by the
temporal deviation function Dcomb:

Dcomb � 1 − C corr�T � � 1 −

R
tR
−tR

r�t�s�t − T �dtffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiR
tR
−tR

jr�t�j2dt R tR
−tR

js�t�j2dt
q ,

(9)

where Dcomb can be derived from the cross correlation C corr�T �
between the temporal waveform of one round trip r�t� and that
of another round trip s�t�. tR is the round trip time, and T is
the integer time of tR. In the ideal case of a coherent comb, the
temporal waveform should repeat itself at the period of tR, for
C corr�T � and Dcomb approaching 1 and 0, respectively.

Figures 5(a) and 5(b) show the temporal deviation of am-
plitude and phase, respectively, as a function of pump fre-
quency detuning and pump power. The temporal deviation
is calculated from the cross correlation between the 1400 round
trips of successive temporal waveforms after 8600-round-trip
evolution for reaching a steady state. We sweep the pump
power from 0.25 W to 10 W and detuning from −10 to
4 MHz. A highly coherent state can be reached with a small
deviation in red detuning range from −4 to 0 MHz, and the
amplitude/phase deviation increases rapidly while detuning
changes from red to blue.

We also study the effect of dispersion on comb generation in
the OSBR. The comb spectra are shown in Fig. 5(c), under
different pump wavelengths from 600 to 1200 nm with a fixed
detuning of 0 MHz and pump power of 6 W. The correspond-
ing group velocity dispersion (GVD) varies at the central wave-
length of the comb as the pump wavelength changes. The
dispersion changes results in a change in the comb span,

Fig. 5. Numerical modeling of comb generation in OSBR. (a),
(b) Maps of simulated temporal deviation of (a) amplitude and
(b) phase at different pump power and frequency detuning.
(c) Simulated comb spectra at different pump wavelengths. The de-
generate wavelength and corresponding GVD are marked in each case.
The broadest comb span can be achieved around zero-dispersion wave-
length of OSBR.
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and the broadest comb span can be achieved around the zero-
dispersion wavelength of the OSBR.

5. DISCUSSION AND CONCLUSION

In conclusion, we develop a new type of mini-OPO called
OSBR and utilize it for χ�2� OFC generation at 2 μm. With
the large second-order nonlinear coefficient of lithium niobate
and near-material-limited high Q , an 80 mW OPO threshold
has been achieved. The relatively large cross section of the
OSBR results in high output power of 340 mW with a CW
NIR pump laser. OFC is generated at around 2 μm with over
40 nm comb span, and detectable repetition frequency of
1.426 GHz is measured. Revival temporal profiles can be cap-
tured, and the narrow beat note linewidth of less than 10 Hz
reveals a highly coherent comb generation, which founds a
good basis for further active stabilization. Experimental results
agree well with simulation in both the frequency and time do-
mains, indicating a steady-state comb generation. In this study,
we demonstrate an OFC generation at 2 μm, which can be
utilized for the sensing of carbon dioxide and water vapor as
well as mine prospect applications. It can be adapted to other
wavelengths by flexible superlattice structure manipulating.
More complex structures like chirped structure can also be ap-
plied to the OSBR for octave-spanning OFC generation, and
nonlinear dispersion control is possible with proper chirping to
manipulate comb dynamics toward soliton comb generation
[43,44]. Therefore, our χ�2� LN OSBR introduces extra free-
dom for the mini-OPO-based OFC generation, and similar
geometry can be adapted to other platforms, including lithium
niobate on insulator (LNOI) with lower threshold and further
integration for low power application. We show the advantage
of OSBR for MIR comb generation with an NIR pump and
open a door for further studies on these new χ�2� platforms
based on their unique dynamics and potential significance in
practical applications.
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