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Section A: Further details on device fabrication 

Fig. S1 summarises the etching-free, bottom-up approach used for laser fabrication in this work. 

The fabrication process starts with the deposition and patterning of a SiO2 growth mask on an InP 

(111)A substrate. The key to growing the nanosheet structures is to strategically align the slot 

openings in the SAE growth mask along the [11̅0] direction on an InP (111)A substrate. As 

demonstrated in our previous work1, aligning the mask openings along this specific 

crystallographic direction facilitates the elongation of a pair of WZ-phase {11̅00} sidewall facets 

via the mask confinement effect during SAE, yielding a hexagonal nanosheet morphology with 

large height-to-width aspect ratio. Other than eliminating the need for top-down dry-etching that 

often results in rough sidewalls, employing this shape engineering approach for laser fabrication 

also makes the grown nanostructures functioning as both the active gain medium and the laser 

cavity at the same time, resulting in optimal spatial overlap between the lasing mode and the active 

region. Finally, the growth mask was removed by wet etching after nanosheet epitaxy to create the 

air cladding layer at the nanosheet/substrate interface. Fig. S2a and S2b are low-magnification 

ratio scanning electron microscopy (SEM) images showing multiple laser arrays and the array with 

asymmetry parameter  = 0.1, respectively. The uniform morphology across the arrays 

demonstrates the excellent scalability of our bottom-up fabrication process.  

 

Fig. S1 Schematic diagram illustrating the etching-free laser fabrication process. High aspect ratio nanosheet structures were 

grown by the SAE technique on a layer of SiO2 growth mask patterned with [11̅0]-oriented slot openings. The growth mask layer 

was removed after epitaxy to create a layer of air cladding at the bottom of the nanosheets. See Methods in the main text for further 

details of the epitaxy process. 

 

 

Fig. S2 Low-magnification ratio SEM images of the fabricated laser arrays. (a) SEM image showing multiple laser arrays with 

different  values. (b) SEM image showing a single laser array with  = 0.1. 

(a) (b) 
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Fig. S3 Schematic diagram illustrating the process of mechanically removing and transferring as-grown nanosheets for 

AFM measurements. See Methods of the main text for further details on AFM sample preparation. 

To perform atomic force microscopy (AFM) topography on the dominant {11̅00} sidewall facet 

of a single nanosheet, we mechanically removed and transferred as-grown nanosheets on to a Si 

substrate, as illustrated by the schematic diagram in Fig. S3.  

 

Section B: Bandstructure and side mode simulations 

 

 

Fig. S4 Side modes lying within the material gain bandwidth of WZ-phase InP. (a) Simulated bandstructure of the device with 

 = 0. The spectral positions of the quasi-BIC lasing mode and other side modes at the -point are indicated by the arrows. (b) 

Simulated Q-factors of these modes as functions of . The quasi-BIC mode has a finite Q-factor at  = 0 due to non-radiative 

damping provided by the lossy substrate.  

 

 

(a) (b) 
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Fig. S5 Simulated field distribution profiles of the TM side modes. (a – c) Simulated field distribution profiles for TM side 

modes A, B, and C, respectively, which have their spectral positions in the bandstructure indicated in Fig. S4a. Top panels: real 

parts of the (from left to right) x, y, and z-components of the electric field vectors. Bottom panels: real parts of the (from left to 

right) x, y, and z-components of the magnetic field vectors.  

 

TM side mode A: 

E-field 

TM side mode A: 

H-field 

TM side mode B: 

E-field 

TM side mode B: 

H-field 

TM side mode C: 

E-field 

TM side mode C: 

H-field 

(a) 

(b) 

(c) 
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In this section, we provide additional information regarding the transverse magnetic (TM) and 

transverse electric (TE) side modes that lie within the gain and spontaneous emission bandwidths 

of WZ-phase InP. The spectral positions of these side modes are indicated in the simulated 

bandstructure in Fig. S4a. The simulated Q-factors of these modes (along with that of the quasi-

BIC lasing mode) are plotted in Fig. S4b as a function of . Fig. S5a – c, on the other hand, are 

the simulated field distribution profiles which reveal the TM-like field polarisations in TM side 

modes A, B, and C, respectively. Fig. S6, on the other hand, compares the mode profiles of the 

competing TE side mode with that of the BIC mode. Leakage loss into the substrate is evidently 

more prominent in the TE side mode, which explains its much lower Q-factor and the broader 

fitted linewidth corresponding to this mode in the ASE spectra discussed in Fig. 4 of the main text.  

 

Fig. S6 Simulated field distribution profiles of the side mode (a & b) and the BIC mode with  = 0 (c & d) at the -point. 

The colour maps and the length of the white arrows represent the magnitudes of the out-of-plane magnetic field vector and the in-

plane electric field vector, respectively. (a) and (c) are the xy-plane Hz profiles (overlaid with white arrows representing the in-

plane electric field vectors), whereas (b) and (d) are the xz-plane electric field intensity profiles, plotted on logarithmic scales. The 

nanosheet positions are indicated by the black dotted lines. 

 

Section C: Additional far-field simulation and characterisation data 

In this section, we provide further details on far-field emission pattern simulation and back focal 

plane measurements. Despite the directional far-field emission, the significant beam divergence 

from the normal direction in the  = 0.10 device (discussed in Fig. 3 of the main text) warrants 

further investigation. Since the beam divergence angle of PCSELs is inversely proportional to the 

(a) (b) 

(c) (d) 
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effective emission aperture size2,3, we analysed the effect of the finite excitation area in our device 

by numerically simulating the far-field projections from an infinite array device with varying 

illumination sizes (see Methods of the main text). As shown in Fig. S7a, while the simulation 

results reflect the expected scaling trend in the divergence angle, for a 16× 16 array the 

experimental divergence angle is almost 2.5 times larger than the simulation result (see inset of 

Fig. S7a). We then compare the beam divergence angles simulated with the two different 

configurations illustrated in Fig. S7b. The first configuration simply calculates the far-field 

emission patterns from different emission areas in an infinite array of lossless nanosheet pairs. A 

Gaussian weighting function is used to modify the far-field projection from the periodic array 

according to the desired number of unit cell periods. On the other hand, the second configuration 

is designed to emulate the actual optical pumping scenario in our experiments. An island of lossless 

nanosheet pairs (assumed to be pumped to transparency) is surrounded by a boundary of lossy 

nanosheets, which represents the unpumped unit cells. The simulation results in Fig. S7a indicate 

that the larger in-plane leakage losses in the second scenario results in larger beam divergence 

angles, which correspond well to experimental observation. This also suggests that beam 

divergence can be potentially alleviated by reducing in-plane leakage in the finite-sized device 

through approaches such as hetero-lattice photonic crystal4,5. The limited number of data points 

for the second scenario is due to the impractically long simulation time required for very large 

finite arrays. Very small finite arrays, on the other hand, no longer support the quasi-BIC mode 

due to severe in-plane leakage loss.  

 

Fig. S7 Beam divergence angle simulated as a function of the active emission area. (a) Simulated beam divergence angles for 

two different simulation configurations. The experimentally measured beam divergence angle is overlaid on to the plot. Inset shows 

the far-field emission pattern for 16×16 periods of lossless unit cells, simulated with the top configuration illustrated in (b).  (b) 

Schematic diagrams illustrating the two different simulation configurations. The first (top) configuration modifies the far-field 

projection from a periodic array of lossless nanosheets with a Gaussian weighting function that reflects the number of emitting unit 

cells. The second (bottom) configuration directly simulates the far-field projection from a finite array of lossless (pumped) 

nanosheets that is surrounded by a boundary of lossy (unpumped) nanosheets, in order to mimic the actual optical pumping in 

experiments.  

(a) (b) 
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Furthermore, to unveil the polarisation of the laser beam, we simulate the x- and y-resolved vector 

components of the electric field of the quasi-BIC lasing mode in the far-field. The simulation 

results shown in Fig. S8 reveal that the amplitude of the x vector component of the electric field in 

the far-field is an order of magnitude larger than its y-oriented counterpart, indicating that the 

quasi-BIC beam is linearly polarised in the x-direction (orthogonal to the nanosheet long axis). In 

Fig. S9 we provide the back focal plane images for all the devices discussed in Fig. 4 of the main 

text, which were measured at pump fluences of around 20 % above their respective lasing 

thresholds. The significantly broader beam measured in the device with  = 0.165 is most likely 

due to worsened in-plane leakage loss in the device.  

 

Fig. S8 Beam polarisation in the far-field. Simulated (a) x and (b) y vector components of the electric field in the far-field for 

the quasi-BIC mode with  = 0.10, with 16×16 periods of active unit cells. (c) Schematic diagram that illustrates the x and y 

directions relative to the nanosheet orientation. 

 

Fig. S9 Back focal plane images of the lasing devices with varying  values. Back focal plane images were measured using a 

60× objective lens used for signal collection (see Methods of the main text for further details), at pump fluences of approximately 

20 % above the respective lasing thresholds of the devices.  

 

(a) (b) 
(c) 
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Section D: Material gain modelling  

The material gain g is modelled using the following expression6: 

𝑔(ℏ𝜔) =
𝜋𝑒2

𝑛𝑟𝑐𝜀0𝑚0
2𝜔
|𝑀|2 ∫𝜌𝑟(𝐸) ⋅ [𝑓𝑐(𝐸) − 𝑓𝑣(𝐸)] ⋅ ℓ(𝐸 − ℏ𝜔)𝑑𝐸,         (S1) 

where 𝑒, 𝑛𝑟, 𝑐, 𝜀0, 𝑚0, ℏ, 𝜔, and |𝑀|2 are respectively the electron charge, refractive index of InP, 

speed of light in vacuum, vacuum permittivity, electron mass, reduced Planck constant, radial 

frequency of photon, and momentum matrix element of bulk InP. 𝜌𝑟(𝐸) is the reduced density of 

states function, whereas 𝑓𝑐(𝐸) and 𝑓𝑣(𝐸) are the Fermi-Dirac distribution of charge carriers in CB 

and VB, respectively. ℓ(𝐸 − ℏ𝜔) is a sech lineshape broadening function included to account for 

energy broadening of electron-hole states7.g is a function of the Fermi-Dirac distribution functions 

𝑓𝑐(𝐸)  and 𝑓𝑣(𝐸) , which are functions of the bandgap energy, injected carrier density, and 

temperature. 

The bandgap energy is modelled by considering only the fundamental band-to-band transition in 

WZ-phase InP (transition from Γ7
𝐶 conduction band to Γ9

𝑉 valence band, or valence band A)8–10. 

The bandgap energy as a function of temperature is modelled with the following equation9: 

𝐸𝑔(𝑇) = 𝐸𝐵 − 𝑎 (1 + (
2

𝑒𝜃/𝑇−1
)),               (S2) 

where 𝐸𝐵, 𝑎, and 𝜃 are experimentally-fitted parameters obtained via photoluminescence (PL) and 

PL excitation (PLE) measurements of WZ InP nanowires. The values of these parameters are listed 

in Table S1. We model the carrier density N by:  

𝑁 =
𝜂𝑝𝑢𝑚𝑝⋅𝑃𝑎𝑣𝑔

𝑓𝑝𝑢𝑚𝑝⋅𝐸𝑝𝑢𝑚𝑝⋅𝑉
,                 (S3) 

where 𝑃𝑎𝑣𝑔, 𝑓𝑝𝑢𝑚𝑝, 𝐸𝑝𝑢𝑚𝑝 (𝐸𝑝𝑢𝑚𝑝 =
ℎ𝑐

𝜆𝑝𝑢𝑚𝑝
), and 𝑉 are the average power, pulse repetition rate 

(10 MHz), energy of pump photons of the 520 nm (𝜆𝑝𝑢𝑚𝑝) femtosecond pulsed laser used in our 

PL system, and the volume of the active region, respectively. 𝜂𝑝𝑢𝑚𝑝 , the pump efficiency, is 

calculated by the following equation7,11: 

𝜂 =
𝜎𝑎𝑏𝑠

𝐴𝑝𝑢𝑚𝑝
,                  (S4) 

where abs and Apump are the absorption cross-section of the nanosheet array and the spot size of 

the pump laser, respectively. abs values were obtained through Finite Difference Time Domain 

(FDTD) simulation, where the nanosheet array was illuminated with a plane wave with 520 nm 

wavelength at normal incidence and the net power absorption in the nanosheets was measured. It 

is important to note that Equation S3 assumes a uniform distribution of carrier density across the 

entire active volume V. FDTD simulations, however, indicate that the pump laser absorption 
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profile, which directly reflects the carrier generation profile, is not uniform across the entire 

nanosheet volume. As shown in Fig. S10a, both the TE and TM-polarised absorption profiles along 

the yz-plane of the nanosheets with  = 0.1 are highly concentrated near the top surface due to 

strong absorption in InP at this pump wavelength. As a result, the average integrated absorption 

along the z-axis of the nanosheets is highly non-uniform as well, as shown in Fig. S10b. To account 

for this non-uniformity in pump absorption, we define a parameter m, which is the height ratio at 

which 90 % of the total amount of absorbed pump power occurs. Table S1 lists the values of abs 

and m for the devices with varying  values that are discussed in Fig. 4 of the main text. The active 

volume V is then estimated by multiplying the nanosheet volume by m.   

  

 

Fig. S10 Simulated pump absorption profiles in a nanosheet pair with  = 0.1. (a) yz-plane absorption profiles simulated across 

the centre plane of the nanosheet, as illustrated by the shaded plane in the schematic diagram in the inset of (b). Top and bottom 

plots are the absorption profiles for TE and TM 520 nm plane wave illumination, respectively. (b) Average absorption profile along 

the z-axis of the nanosheet, obtained by averaging the absorptions with TE and TM illumination, then integrating over the nanosheet 

width in the x direction. The parameter m is defined as the ratio of the nanosheet height at which 90 % of the total integrated 

absorption occurs to the total nanosheet height. Inset is a schematic diagram that illustrates the yz-plane (shaded plane) where the 

nanosheet absorption was simulated. 

 

With the values of Eg, N, and T, we can then calculate the quasi-Fermi levels in the conduction 

band and valence band by solving the charge-neutrality equation. The Fermi-Dirac distributions in 

Equation S1 can then be determined with the quasi-Fermi levels. Table S2 lists down all the 

material parameters used for gain modelling. Further gain modelling details can be found in our 

previous work11. 

 

(a) 
(b) 
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Table S1 Simulated absorption cross-sections and m values for devices with varying values of . 

 abs (cm2) m 

0.08 6.32×10-7 0.53 

0.10 6.28×10-7 0.54 

0.13 5.97×10-7 0.55 

0.15 5.92×10-7 0.54 

0.165 5.89×10-7 0.57 

 

 

Table S2 Material parameters used for WZ-phase InP gain modelling 

 

 

 

 

 

 

 

 

Section E: Solving laser rate equation 

Experimental L-L curves were fitted by the following coupled rate equations, solved for the carrier 

density N and photon density S14: 

𝑑𝑁

𝑑𝑡
=

𝜂𝑝𝑢𝑚𝑝⋅𝑃(𝑡)

𝐸𝑝𝑢𝑚𝑝𝑉
− 𝐴𝑁 − 𝐵𝑁2 − 𝐶𝑁3 − 𝑣𝑔𝑔(𝑁)𝑆                       (S5a) 

𝑑𝑆

𝑑𝑡
= Γ[𝑣𝑔(𝑔(𝑁) − 𝑔𝑡ℎ)𝑆 + 𝛽𝐵𝑁2] ,                       (S5b) 

where the terms in Equation S5a, from left to right, represent the carrier generation rate, non-

radiative carrier recombination rate, radiative carrier recombination rate, Auger recombination rate, 

and recombination rate due to stimulated emission. The terms in Equation S5b, from left to right, 

represent the net photon generation rate due to stimulated emission and the coupling between 

spontaneous emission and stimulated emission. 

 

Material parameter Value 

𝒏𝒓 3.46 

𝑬𝒑 (|𝑴|𝟐 =
𝒎𝟎𝑬𝒑

𝟔
) 20.7 eV6 

𝑬𝑩 1.545 eV9 

𝒂 45 meV9 

𝜽 238 K9 

𝒎𝒆
∗  0.088𝑚0

12,13 

𝒎𝒉
∗  0.37𝑚0

12,13 
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(a) Carrier generation rate 

The 520 nm femtosecond pulsed laser used for optical pumping is modelled by the P(t) term in 

Equation S5a: 

𝑃(𝑡) = 𝑃𝑝𝑒𝑎𝑘𝑠𝑒𝑐ℎ
2 (

1.76𝑡

∆𝑡
) ,                (S6) 

where Ppeak is the peak power of a single pulse and ∆𝑡 is the pulse width of the laser, which is 200 

fs. 𝜂𝑝𝑢𝑚𝑝, Epump, and V are defined similarly as in Equation S3.  

 

 

Fig. S11 PL decay signal measured at 870 nm with a pump fluence of around 0.1 J cm-2 pulse-1. An exponential decay 

function with a decay constant of  = 0.7 ns is fitted to the experimental data. 

(b) Recombination coefficients A, B, and C 

The non-radiative recombination coefficient A is calculated from the non-radiative carrier lifetime 

nr (A = nr
-1), which can be extracted from the PL decay signal measured at low excitation intensity 

where the carrier lifetime is dominated by non-radiative recombination. Fig. S11 shows the PL 

decay signal measured at a pump fluence of 0.1 J cm-2 pulse-1. nr of 0.7 ns is extracted by fitting 

an exponential decay function to the measured data.  On the other hand, the radiative 

recombination coefficient B and Auger recombination coefficient C are adopted directly from the 

literature15, which are 6.25×10-10 cm3 s-1 and 9.1×10-31 cm6 s-1, respectively. 

(c) Photon generation by stimulated emission 

The stimulated emission terms in Equation S5 depend on the group velocity vg, mode confinement 

factor , and the material gain modelled as a function of the carrier density g(N). vg is given by 

c/ng, where c and ng are the speed of light in vacuum and the group refractive index of the lasing 

mode (estimated to be ~ 3.5 from FDTD simulations), respectively.  values were obtained from 
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the FDTD-simulated electric field intensity profiles. The  values of devices with varying  values 

are listed in Table S3. g(N) is modelled with a logarithmic function14: 

𝑔(𝑁) = 𝑔0 ln (
𝑁+𝑁𝑆

𝑁𝑡𝑟+𝑁𝑆
),                          (S7) 

where g0, Ns, and Ntr are fitting parameters obtained by fitting Equation S7 to gain curves 

calculated using Equation S1 at different levels of N at a given wavelength. We plot the g(N) curves 

fitted at the lasing wavelengths for the devices with varying  values (discussed in Fig. 4 of the 

main text) in Fig. S12. The fitted values of g0, Ntr, and Ns for these devices are listed in Table S4. 

As shown by Fig. S12 and Table S4, larger values of g0 translates into larger slopes of the g(N) 

curves, indicating faster increase in the material gain with the carrier density levels. Furthermore, 

the g(N) curves in Fig. S12 also show that compared to the devices with smaller  values ( = 0.08 

and 0.10), the devices with larger  values ( = 0.13, 0.15, and 0.165) have larger g0 values, hence 

they are expected to attain their respective threshold gain levels gth at smaller carrier density levels. 

This explains the lower lasing thresholds in these devices, as discussed in Fig. 4 of the main text.  

In Fig. S13, we plot the gain curves calculated at varying N levels together with the experimentally 

measured lasing peaks in devices with varying  values. From the plots, one can see that at the 

average gth levels, the lasing peaks of the devices with larger a values have a better spectral overlap 

with the material gain peaks (indicated by the shaded region). This corresponds well to the larger 

slopes in the gain curves modelled as a function of the carrier density, as demonstrated in Fig. S12. 

(d) Threshold gain level gth 

Along with the spontaneous emission factor , gth values are obtained by fitting the solutions of 

Equation S5 to experimental L-L data. gth values reflect the quality of the lasing cavity and the 

gain material. Table S5 below summarises the fitted gth values for all the devices discussed in Fig. 

4 of the main text.  

 

 

Table S3 Simulated mode confinement factors   for devices with varying values of . 

  

0.08 0.50 

0.10 0.48 

0.13 0.46 

0.15 0.45 

0.165 0.40 
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Table S4 g(N) fitting parameters for devices with varying values of  

 Lasing wavelength (nm) g0 (cm-1) Ntr (×1018 cm-3) Ns (×1017 cm-3) 

0.08 883 290.7 2.269 -2.123 

0.10 880 387.2 2.284 -2.093 

0.13 874 600.6 2.330 -1.990 

0.15 870 871.0 2.415 -1.776 

0.165 868 990.9 2.461 -1.646 

 

Table S5 Fitted gth values for devices with varying values of . 

 gth (cm-1) 

0.08 75±5 

0.10 75±5 

0.13 78±5 

0.15 80±5 

0.165 95±5 

 

 

Fig. S12 Fitted g(N) curves for devices with varying values of . g(N) curves were calculated with Equation S7 using the 

parameters listed in Table S4. Inset shows the magnified view near the threshold gain levels of the devices, which are indicated by 

the shaded region. 
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Fig. S13 Calculated material gain spectra of WZ-phase InP for varying levels of carrier density (top panel) and the lasing 

spectra measured in devices with varying  values at pump fluences approximately 20 % above the lasing thresholds of the 

respective devices (bottom panel). Dotted lines at the top panel indicate the range of gth values obtained from fitting laser rate 

equation to the experimental L-L curves (see Table S5 for fitted gth values). Shaded region is a guide to the eye that shows the 

optimal spectral overlap between the lasing peaks with larger  values and the gain curves at gain values near the fitted gth of the 

devices. 

 

Section F: Additional optical measurement and simulation data 

In this section, we provide additional optical measurement and simulation data, including the pre-

lasing PL data for the  = 0.10 device, carrier lifetime measurements, lasing mode profile 

simulation, and lasing measurements performed on the device with  = 0. Fig. S14a shows the 

room-temperature PL spectrum measured in the  = 0.10 device at a relatively low pump fluence 

below its lasing threshold. The device exhibits a broad emission spectrum peaking at around 870 

nm, which fits well with the calculated fundamental band-to-band spontaneous emission in bulk 

wurtzite (WZ)-phase InP (see Methods of the main text for spontaneous emission modelling 

details). The spontaneous emission spectrum then gradually broadens with increasing pump 

fluences, indicating band-filling at higher injected carrier densities, as shown in Fig. S14b. At a 

pump fluence of around 18 J cm-2 pulse-1, a narrow peak emerges at around 880 nm, with the SE 

intensity saturating with further increase in the pump fluence, implying threshold gain clamping 

and a transition from spontaneous emission into the amplified spontaneous emission (ASE) regime. 

Further evidence of lasing was also acquired by studying the carrier dynamics of the device at 

varying excitation intensities. As shown by the temporal PL decay signals in Fig. S15, with 

increasing pump fluences below the lasing threshold, the carrier lifetime  shortens modestly from 
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0.565 to 0.318 ns due to increasing spontaneous emission rate at higher carrier densities. These 

lifetime values are comparable to the non-radiative lifetime of around 0.7 ns (see Fig. S11 for nr 

measurement). Since  is given by: 

𝜏−1 = 𝜏𝑟
−1 + 𝜏𝑛𝑟

−1,                          (S8) 

where r and nr are the radiative and non-radiative lifetimes, respectively, this implies comparable 

contributions from both the non-radiative and radiative recombination processes in carrier 

depletion in this regime. A stark change in the carrier dynamics occurs at pump fluences beyond 

lasing threshold, where  is reduced by at least an order of magnitude to below the system limit of 

around 29 ps, indicating that r now dominates Equation (S8). More importantly, the dramatic 

reduction in r at pump fluences below and above lasing threshold reflects a transition in the 

emission mechanism from spontaneous emission to the much faster stimulated emission, further 

corroborating lasing action in the device4,16. 

 

Fig. S14 Room-temperature PL measurements before and just at the onset of lasing. (a) PL spectrum measured at a low pump 

fluence (~ 30 % of the lasing threshold), fitted with an analytical expression for spontaneous emission from WZ-phase InP at room-

temperature. (b) Power-dependent PL spectra measured at pump fluences ranging from below to just above lasing threshold, 

showing spontaneous emission clamping and emission linewidth narrowing near 18 J cm-2 pulse-1. 

 
Fig. S15 PL decay signals measured at the lasing wavelength at various pump fluence levels. The signals are fitted with 

exponential decay functions to extract the carrier lifetime. The instrument response function (IRF) of the system is also shown as 

a reference. 

(a) (b) 
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To identify the lasing mode, we numerically simulated the field distribution profiles of the lasing 

mode at 880 nm in Fig. S16. To realistically model the optically pumped device, we considered a 

finite photonic crystal with 16×16 unit cell periods, surrounded by a boundary of unpumped (lossy) 

unit cells (see Methods of the main text for further details). The simulation results indicate that the 

fields of the lasing mode concentrate around the centre of the pumped region, with vanishing field 

enhancement near the pump boundaries. This can be explained by the enhanced in-plane leakage 

losses caused by the finite excitation area. Despite the additional in-plane losses, 16×16 periods 

of unit cells are still sufficient to support the intended 2D standing wave in the pumped region, as 

evidenced by the simulated electric field intensity profile in Fig. S16 (a). The z-oriented magnetic 

field vector profile, shown in Fig. S16 (b), also confirms the identity of the lasing mode to be the 

designed quasi-BIC mode. Importantly, the simulated near-field enhancement profile of the lasing 

mode is in good qualitative agreement with the spatially-resolved emission profiles measured in 

the device, as discussed in Fig. 3 of the main text.  

 

 

Fig. S16 Simulated field distribution profiles of the device with  = 0.10 at the lasing wavelength of 880 nm. The simulated 

device has a finite array with 16×16 periods of active unit cells (assumed to be pumped to transparency), surrounded by a boundary 

of unpumped (lossy) nanosheet pairs, as indicated by the white dotted lines. (a) and (b) are the normalised electric field intensity 

profile and the z vector component of the magnetic field, respectively. Inset in (b) shows a magnified view of the field distribution 

in four nanosheet pairs. 

Next, we briefly discuss the lasing measurement results performed on the device with  = 0 (SEM 

images of the fabricated devices shown in Fig. S17). Fig. S18a shows the power-dependent PL 

spectra and the normalised PL spectral map measured in the device at room-temperature. A lasing 

peak at around 897 nm was detected in the device with a lasing threshold of around 20 J cm-2 

pulse-1, closely matching the simulated BIC resonant wavelength with  = 0. In addition, Fig. S18b 

shows the back focal plane image measured in the device at a pump fluence of around 20 % above 

its lasing threshold. Compared to the other devices with non-zero  values that are discussed in 

the main text (see Fig. S9), this device shows a much weaker emission at normal incidence (relative 

to the spontaneous emission background and the ASE emission most likely from the TE side mode), 

indicating that the BIC lasing mode couples very weakly to far-field radiation. This also implies 

that BIC mode lasing most likely occurs due to slight fabrication imperfection in the device.  

 

(a) (b) 
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Fig. S17 Top-view SEM images of the device with  = 0. Scale bars in (a) and (b) are 4 m and 500 nm, respectively. 

 

 

Fig. S18 Lasing characteristics of the  = 0 device. (a) Power-dependent PL spectra measured in the device at room-temperature. 

Inset shows the normalised PL spectral map, with the white arrow indicating the amplified spontaneous emission shoulder due to 

coupling to the TE side mode. (b) Back focal plane image measured at a pump fluence around 20 % above the lasing threshold. 

The emission hotspot near  = 0° (indicated by the blue arrow) corresponds to lasing emission via the quasi-BIC mode. The black 

arrows indicate two side lobes around the centre beam, most likely corresponding to the ASE-coupled TE side mode.  

 

 

 

 

 

 

 

(a) (b) 

(a) 
(b) 
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