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ABSTRACT: Nanoscale single-mode lasers are a class of excellent
coherent light sources for future on-chip integrated photonic
circuits due to their high monochromaticity and beam quality.
However, the lasing of the desired mode cannot completely prevent
neighboring resonances because of the competition between the
broad gain bandwidth of materials and the free spectral range. In
this study, we have employed the high-quality characteristics of the
bound state in the continuum (BIC) to successfully realize the
desired single-mode lasing emission from a large-sized organic
nanowire on the three-dimensional photonic crystal (PhC)
substrate. Benefited from the tunability of PhCs, the wavelength
of single-mode laser can be effectively regulated due to the
pronounced periodicity-dependent characteristics of BICs. Im-
portantly, this device exhibits a robust single-mode laser due to the immunity of the defects of PhCs. Our experimental finding offers
significant insights for developing synthetic lasing devices toward next-generation optoelectronic integrated devices.
KEYWORDS: single-mode laser, organic nanowire, photonic crystal, bound state in the continuum

1. INTRODUCTION
Nanoscale chip-integrable coherent light sources are funda-
mental optical components for future integrated photonic
circuits.1 Compared to the mature and commercially available
inorganic lasers based on III−V compounds and similar
materials,2 organic lasers (including ONWLs) offer a new
research platform for constructing nanoscale coherent light
sources. This is enabled by their distinct advantages: a broad
material library, strong waveguiding effects, high optical gain,
and subwavelength diameters.3−7 Notably, their excellent
solution processability provides distinct advantages for flexible
and large-area fabrication, demonstrating long-term potential
to address specific application challenges such as flexible
integration and customized wavelength requirements.8,9 One
of the primary goals of designing ONWLs is to operate in a
single mode and high brightness due to the advantages of their
high monochromaticity and beam quality. However, there is a
natural challenge between high-brightness and single-mode
laser because high brightness lasers require large optical
dimensions while single-mode operation needs small dimen-
sions for offering large free spectral range (FSR). Thus,
achieving single-mode operation in large-size organic nano-
wires is very difficult because the broad gain bandwidth and
small FSR stem from large dimensions. Several approaches
have been developed to pursue single-mode operation, such as,
parity-time symmetry breaking,10−12 additional coupled cavity
for the Vernier effect,13,14 enlarged FSR through mode size

reduction,15,16 distributed feedback gratings or distributed
Bragg reflector,17,18 and topological laser device.19,20 However,
not all of these approaches are practically compatible with the
manufacturing processes, and each of them introduces extra
demands in terms of specific configurations and fabrication
complexity. Therefore, identifying an alternative strategy for
achieving single-mode operating lasers is extremely desired.
Bound states in the continuum (BICs),21−24 benefited from

their infinite quality (Q) factor and strict confinement of
light,25−27 are emerging as a powerful tool for achieving high-
stability, low-threshold, and high-output-power lasers. Some
successful efforts for BIC lasers have been demonstrated in
surface-emitting inorganic lasers by means of suppressing out-
of-plane radiations and boosting the Q factors of planar optical
resonators.28−33 However, most reports on BIC lasers have
focused on 2D optical gain materials, which are not compatible
with nanowire geometries. Integrating robust BICs into a
nanowire laser to achieve single-mode lasers remains a critical
challenge.
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In this study, we realize a low-threshold and robust single-
mode organic nanowire laser by means of a hybrid BIC
mechanism regardless of the large dimensions of the organic
nanowires, where the proposed “hybrid BIC” emerges from the
coupling between the organic nanowire’s waveguide mode and
the photonic crystal (PhC) substrate. This synergistic
interaction creates a high-Q bound state that preserves
traditional BIC radiation suppression while inheriting organic
nanowires’ excellent gain and low-threshold properties. For the
construction of our laser devices, the obtained organic
nanowires are simply placed onto a three-dimensional (3D)
PhC substrate. BICs of the composite structures are crucial in
the selective enhancement of the specific laser modes. The
single-mode lasing from the composite device structure has
been achieved. Besides the mode selection, the threshold of the
single-mode laser has been reduced by 10 times compared to
that of the individual nanowire laser. Benefited from the
tunability of PhCs, the wavelength of single-mode laser can be

effectively regulated due to the pronounced periodicity-
dependent characteristics of BICs. Importantly, this device
exhibits a robust single-mode laser due to the immunity of the
defects of 3D PhCs. Our results not only shed light on the
underlying physics of BICs but also offer significant insights for
developing synthetic lasing device toward next-generation
optoelectronic integrated devices.

2. RESULTS AND DISCUSSION
Organic microcrystals with regular morphologies can support
lasing emission due to their excellent resonant cavity and
optical gain.3−5 For the common organic microcrystals, lasing
emission usually operates in the multimode regime due to the
FSR being much smaller than the gain bandwidth of the gain
medium. Typically, the nanowire employs Fabry-Peŕot cavity
to generate multimode laser due to the large longitudinal
dimension (Figure 1a). Reducing the dimensions of the

Figure 1. Schematic diagram of organic nanowire lasers operating in the multimode (a) and single-mode regime (b), respectively. Advances in
organic lasers (c−e) and this work (f).

Figure 2. (a) The schematic of the preparation process of the composite system. The MOON nanowires formed after the solvent was evaporated
on the PhC. (b) The images of the composite system below and above the threshold. Scale bars: 20 μm. Black and blue circle represent the test
location at the edge and middle of the nanowires, respectively. (c) SEM image of a MOON nanowire on the PhC. The inset shows the amplified
image with the scale bar of 600 nm. (d) The PL spectra measured at the edge and the middle of the nanowire, respectively. (e) The lasing spectra
of the MOON nanowire on the glass substrate (black line) and PhC substrate (red line). (f) The threshold curves of the MOON nanowire on the
glass substrate (black line) and PhC substrate (red line).
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crystals is a general solution, but it leads to an increase in the
laser threshold and the decrease in the laser intensity (Figure
1c,d).15,34,35 The construction of heterogeneously coupled
optical cavities is another approach for single-mode operation.
Analogous to the Vernier effect,13,14 the coupling of the two
optical cavities can effectively enhance the gain of a specific
mode while suppressing other modes (Figure 1e), thus
achieving single-mode lasing output.7 However, these strat-
egies inevitably bring energy absorption and scattering and
promote laser thresholds. Other abovementioned strategies
based on microfabrication technologies are not suitable organic
crystals due to the manufacturing difficulty of organic
materials. Here, we propose a unique approach for the
single-mode laser from the large-dimensional organic crystals
by means of BICs from the composite structure consisting of
nanowires and PhCs (Figure 1b,f).
The organic nanowires of (E)-6-methoxy-3-(((4-

nitrophenyl)imino)methyl)-2H-chromene-4-olate·BF2
(MOON)36 are chosen as a model for the subsequent research
studies. Their synthesis and structural and spectral character-
ization are described in detail in the Supporting Information
(Figures S3 and S4). Figure 2a shows a schematic of the
preparation process of the composite system. The obtained
samples are characterized by scanning electron microscopy
(SEM) and are shown in Figure 2b. Clearly, a MOON
nanowire with a typical length of about 100 μm lies flat on 3D
PhC, which shows the symmetric triangular lattice of the
spherical silica (SiO2) spheres. This nanowire exhibits bright
photoluminescence (PL) and an excellent optical waveguide
with a low propagation loss of 0.0082 dB/μm (Figure S5).
We perform power-dependent PL measurement using the

homemade micro-PL setup (Figure S6) for the collection of
lasing signals. The NWs were uniformly pumped by a 400 nm
femtosecond laser beam, which is chosen as a pump light and
its waist is adjusted to be larger than the nanowire length. To
characterize the BIC in the composite system, we first perform
the spatially resolved PL measurements (see details in the
Supplementary methods). As shown in Figure 2d, the PL

spectra from location 1 (black circle in Figure 2b) and location
2 of the nanowire display the same maximum emission band at
585 nm, which is consistent with the PL of the whole nanowire
(Figure S4). Notably, the PL spectrum from location 1 has one
shoulder peak at 655 nm more than that from location 2. This
is characteristic evidence of a BIC because that the PL at
certain wavelengths (the filled area of a red color) can be
enhanced and confined in the nanowire due to the existence of
the BIC. Therefore, the PL spectrum from the edge of the
nanowire shows significant enhancement. We also measure the
control experiments on the sample of the nanowire on the
ordinary glass substrate. The PL spectra from the two locations
show no evident differences (Figure S7).
We characterize the laser behaviors of the MOON nanowire

on the PhC substrate with the glass substrate as the control
sample. The obvious multimode lasing emission (black line in
Figure 2e), with the threshold of 4.28 μJ/cm2 (black line in
Figure 2f), is observed in the sample of glass substrates. In
strong contrast, an excellent single-mode operating laser (red
line in Figure 2e) is achieved from the sample of the PhC
substrate and its threshold decreases significantly to 0.41 μJ/
cm2 (red line in Figure 2f), which is approximately 10 times
lower than that of the sample of the glass substrate. Meanwhile,
the super linear increase of PL intensities with p = 11.35 ±
0.01 above the threshold indicates the typical laser emission.
The side-mode suppression ratio of nanowire laser (3D PhC)
is 20 dB (Figure S9). In summary, the single-mode laser
generated by the hybrid system of a 3D PhC substrate coupled
with organic one-dimensional (1D) nanowires exhibits out-
standing performance characteristics.
The PhC substrate and organic crystals form a composite

structure, which, compared to a glass substrate, can provide
periodic scattering for the optical modes within the organic
crystal and form a hybrid BIC, thus achieving mode selection.
In the presence of this scattering, only the optical modes that
are perfectly bound within the organic crystal, i.e., the hybrid
BIC of the composite system, can achieve stable gain and
lasing. Note that in the experiments, the 3D PhC substrates

Figure 3. (a) Schematic of the nanowire on the 1D PhC grating. a is the period. (b) Laser spectra of the acquired nanowire at periods of 278 and
295 nm. (c) Photonic bands of the grating-organic crystal composite structure at periods of 278 nm (red line) and 295 nm (blue line). (d)
Distributions of x-component electric field (Ex) for the optical modes in (c). (e,f) Spectral changes measured at the edge and in the middle of the
nanowire with a period of 278 and 295 nm.
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were prepared by the self-assembly method, and defects
inevitably existed. The existence of defects would cause the
hybrid BIC in the composite structure to be broken into a
quasi-BIC.23 While, the quasi-BIC can still exhibit a higher Q
factor compared to other modes and continues to support
single-mode lasing. Therefore, the results obtained through our
proposed method demonstrate a certain level of robustness in
single-mode lasing. In fact, BIC can widely exist in periodic
photonic systems.17−19 To give an easier and clearer
perspective of the proposed BIC-based single-mode nanowire
lasers, we also present another simple composite system
composed of nanowire and 1D PhC grating.37

As shown in Figure 3a, the substrate is a 1D PhC grating,
whose period a is 278 nm. The 1D PhC grating is along the x
direction, and the angle between the nanowire’s length and the
x direction is θ. As the angle θ increases, the effective period of
periodic scattering along the nanowire direction by the grating
will also increase accordingly. The effective period can be
estimated by a/cos θ. When the θ angle is θ1 (∼0°), at which
angle the effective period is about 278 nm, we collect single-
mode lasing emission at a wavelength of 635 nm. In contrast,
as θ angle increased to θ2 (∼19.5°), at which angle the effective
period is about 295 nm, multimode emission emerged. To
reveal the differences of two lasing performances, we calculated
TM-like photonic bands of two effective composite systems
with different periodically scatterings, as is shown in Figure 3c.
For the simulation setups, see the Supplementary Methods.
For composite system 1 (θ1), we mark the at-Γ BIC (green
point) and an off-Γ optical mode (gray point) in the photonic
bands, whose x-component electric field distributions are
exhibited in the left panel of Figure 3d. For the at-Γ BIC, the
light field is confined in the nanowire, corresponding to an
ultrahigh Q factor. In contrast, for the off-Γ optical mode, the
light in the nanowire can be scattered into the free space,
corresponding to a relatively low Q factor. The BIC locates in
the lasing wavelength range of the organic crystal nanowire,
leading to the final single-mode lasing. For the composite
system 2 (θ2), the wavelength of the BIC is out of the lasing
wavelength range of the organic crystal nanowire; hence, the
lasing exhibited multimode emission. Additionally, similar PL
measurements in Figure 2c were performed for two 1D PhC
composite structures, as shown in Figure 3e,f. The measured
additional PL peaks agree well with the calculated BIC of the
effective composite systems. The consistency between the
experiment and theoretical calculations confirmed the BIC
origin of the single-mode laser.
In our proposed BIC-based single-mode laser, the lasing

wavelength depends on the BIC mode, whose wavelength can
be effectively modulated by the PhC period. By changing the
period of the substrate, we can easily control the single-mode
lasing wavelength of organic nanowires. We prepared PhC
substrates using SiO2 spheres of different diameters; as the
diameter of the SiO2 spheres increases from 265 to 286 nm
(Figure S10), the wavelength of the single-mode laser also
shifts from 639 to 657 nm (Figure 4a). In the 1D PhC
composite structures, by increasing the angle θ from 0° to 15°,
the effective period can also be modulated, and the wavelength
of the single-mode laser shifts from 635 to 656 nm, indicating a
similar red-shift (Figure 4b). These results demonstrated the
wavelength degree of freedom in our proposed BIC-based
single lasers in the PhC-nanowire system. This work also
provides the basis for the realization of laser displays based on
PhC.38

3. CONCLUSION
In summary, we demonstrate a low-threshold and robust
single-mode laser based on BICs in the composite system
consisting of an organic nanowire and PhC. This mechanism
enables the realization of single-mode lasers in large-sized
organic nanowires without the need for complex manipulations
and structural designs while also effectively reducing the laser
threshold. Benefited from the tunability of PhCs, the
wavelength of single-mode laser can be effectively regulated
due to the pronounced periodicity-dependent characteristics of
BICs. Importantly, this device exhibits robust single-mode laser
due to the immunity of the defects of 3D PhCs. This study not
only contributes to the advancement of the organic single-
mode laser technology but also provides a new application of
BICs for lasers, paving the way for further applications of
organic lasers.
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