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[bookmark: _Toc238653708]Supplementary Fig. 1(a) | Schematic illustration of the formation process of the monolithic supercavity VCSEL. Three Fabry-Pérot (FP) cavities are first formed by introducing intermediate distributed Bragg reflectors (DBRs), with each cavity satisfying an optical thickness of  ( is a positive integer). In this configuration, the optical field is predominantly localized within the two outer FP cavities. The DBR pair numbers adjacent to the central FP cavity are then independently engineered to continuously redistribute the optical field between the neighboring cavities. These intermediate DBRs therefore act as optical valves, regulating photon storagein the adjacent resonators through the cavity coupling strength. The active region is subsequently incorporated by positioning the multiple quantum wells (MQWs) at the antinodes of the standing-wave field, while t placing the oxide aperture at field nodes to minimize perturbation of the cavity mode. In this way, one of the initially high-field FP cavities is converted into a passive optical reservoir for photon storage without introducing an additional resonator.
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[bookmark: _Hlk236127967][bookmark: OLE_LINK6][bookmark: _Toc238653709][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Supplementary Fig. 1(b) | Schematic illustration of extending the two-cavity cascaded structure (Fig. S1a) to a three-cavity cascaded monolithic supercavity VCSEL by incorporating an additional phase section and passive cavity. The resulting supercavity comprises one active cavity and two passive cavities, where cooperative intercavity coupling further enhances photon storage.

Optical-field manipulation in VCSEL
To elucidate the optical behavior of the supercavity, we formulate a theoretical model based on the secular equation. As shown in Supplementary Fig. 2, the incident ( and ) and reflected ( and ) optical fields at the two neighboring interfaces of the coupled cavities are expressed as:

where  denote the effective scattering coefficients. These coefficients determine the coupling constant according to:

The coupling constant can be written in terms of its amplitude, , and phase, , both of which govern the mode selectivity of the supercavity. For example, when the coupling region (shaded in Supplementary Fig. 2) is lossy, the optimum mode selectivity is achieved at  = 0 where  reaches an antinode, resulting in effective linewidth narrowing.
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[bookmark: _Hlk238568425][bookmark: _Hlk236599605][bookmark: _Toc238653710]Supplementary Fig. 2 | Optical dynamics of double-coupled cavities
By considering the optical round-trip condition in each cavity, the incident and reflected fields also satisfy the following relations:


Here, the subscripts “1” and “2” denote the first and second cavities, respectively, while the subscripts “” and “” denote the facets facing toward and away from the laser output, respectively. The propagation constant, , can be expressed as , where  is the vacuum wave number,  is the refractive index, and  is the mode gain coefficient. The mode gain is determined by the material gain, , and the internal loss, , i.e., , where Γ is the optical confinement factor. Substituting Eqs. (1.3) and (1.4) into Eq. (1.1) yields the following system of equations:

The corresponding secular equation is then obtained as:

Solving Eq. (1.6) yields the longitudinal eigenmodes of the coupled-cavity system.
For a VCSEL, each mirror consists of a distributed Bragg reflector (DBR). The reflectivity of the DBR can be calculated using the transfer matrix method. By applying the continuity conditions for the tangential components of the electric and magnetic fields at each interface, the characteristic matrix of the j-th layer is given by:

where  is the wave impedance. The normal incidence is of interest for VCSEL. Since only normal incidence is considered for the VCSEL, the phase shift of each layer is ,  and  denote the refractive index and thickness of the j-th layer, respectively. The overall characteristic matrix of the multilayer DBR is then obtained as:

The reflection and transmission coefficient can subsequently be expressed in terms of the overall characteristic matrix as:


where n0 and ns are the refractive indices of the incident medium and the exit medium, respectively.
For the coupling region bounded by two mirrors with reflection and transmission coefficients (, ) and (, ), respectively, the effective scattering coefficients can be derived by considering multiple round trips of the optical field within the coupling region. The resulting expressions are:




[bookmark: _Hlk238670532]where are  and  is the thickness of coupling region. Here,  is the refractive index of the coupling region, and αc denotes its gain (or loss) coefficient. Substituting Eqs. (1.11)-(1.14) into Eqs. (1.1) and (1.2) yields the effective coupling constant. Consequently, by engineering the optical properties of the mirrors embedded within the VCSEL cavity, the coupling strength and phase can be tailored, thereby enabling precise optical manipulation of the coupled-cavity modes.
The above formalism can be readily extended to systems comprising more than two cavities by treating the coupling between the last cavity and its adjacent cavity as an effective mirror. As an example, for a triple-coupled-cavity VCSEL, the third cavity together with its coupling to the second cavity can be represented by an effective reflection coefficient according to secular equation Eq. (1.6):

where  is the coupling coefficient between the second and third cavities. using this effective reflection coefficient, the triple-coupled-cavity VCSEL can be reduced to an equivalent double-coupled-cavity system, allowing the analysis described above to be applied recursively. 
As illustrated in Supplementary Fig. 3, this recursive reduction can be extended to an arbitrary number of coupled cavities, ultimately reducing the entire structure to an equivalent single-cavity system. The effective reflection coefficient of each effective mirror is expressed as:

where  is an integer indexing the (n)th cavity. Therefore,  incorporates the cumulative optical field transformation contributed by all cascaded cavities beyond the first cavity. Once the recursive effective reflection coefficients have been determined, the overall reflection spectrum of the multiple-coupled-cavity structure can be obtained as:
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[bookmark: _Hlk238668458][bookmark: _Toc238653711]Supplementary Fig. 3 | Recursive reduction of a multiple-coupled-cavity structure. The last cavity, together with its coupling to the adjacent cavity, is replaced by an effective mirror characterized by an effective reflection coefficient. Repeating this procedure recursively reduces the multiple-coupled-cavity system to an equivalent single-cavity structure. 


[bookmark: _Toc238653712]Supplementary Table 1 | Calculated intercavity coupling strength |κ| for different combinations of the left (Lp) and right (Rp) DBR-pair numbers at the phase-engineered interface. The coupling strength varies systematically with the DBR-pair distribution, providing a design map for selecting the desired intercavity coupling condition in the supercavity VCSEL.
[bookmark: _Hlk236235370][image: ]


[bookmark: _Toc238653713]Supplementary Table 2 | Calculated reflectivity of the phase-engineered interface for different combinations of the left (Lp) and right (Rp) DBR-pair numbers. Redistribution of the DBR pairs systematically modifies the interface reflectivity, enabling control of cavity coupling and longitudinal-mode characteristics in the supercavity VCSEL.
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[bookmark: _Toc238653714][bookmark: _Hlk236230592][bookmark: OLE_LINK7]Supplementary Fig. 4(a) | Simulated electric-field distribution of the two-cavity cascaded VCSEL. The simulated electric-field distribution is used to determine the effective optical mode volumes of the active and passive cavities, which are subsequently used to evaluate the intrinsic quality factor (Qi).
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[bookmark: _Toc238653715]Supplementary Fig. 4(b) | Simulated electric-field distribution of the three-cavity cascaded VCSEL. 
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[bookmark: _Toc238653716]Supplementary Fig. 4(c) | Simulated electric-field distribution of the four-cavity cascaded VCSEL. 
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[bookmark: _Toc238653717]Supplementary Fig. 4(d) | Simulated electric-field distribution of the five-cavity cascaded VCSEL. 
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[bookmark: _Toc238653718]Supplementary Fig. 4(e) | Simulated electric-field distribution of the six-cavity cascaded VCSEL. 
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[bookmark: _Toc238653719]Supplementary Fig. 5(a) | Calculated cold-cavity linewidth of the two-cavity cascaded VCSEL. The cold-cavity linewidth is extracted from the simulated cavity resonance spectrum from the full width at half maximum (FWHM) of the coupled-cavity resonance. 
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[bookmark: _Toc238653720][bookmark: _Hlk234866283][bookmark: OLE_LINK3]Supplementary Fig. 5(b)| Calculated cold-cavity linewidth of the three-cavity cascaded VCSEL. 
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[bookmark: _Toc238653721]Supplementary Fig. 5(c) | Calculated cold-cavity linewidth of the four-cavity cascaded VCSEL. 
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[bookmark: _Toc238653722]Supplementary Fig. 5(d) | Calculated cold-cavity linewidth of the five-cavity cascaded VCSEL. 
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[bookmark: _Toc238653723]Supplementary Fig. 5(e) | Calculated cold-cavity linewidth of the six-cavity cascaded VCSEL. 


[bookmark: _Toc238653724]Supplementary Table 3(a) | Calculated intrinsic quality factor (Qi) for numbers of cavities and DBR-pair distributions. 
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[bookmark: _Toc238653725]Supplementary Table 3(b) | Calculated external quality factor (Qe) for different numbers of cavities and DBR-pair distributions. 
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[bookmark: _Toc238653726]Supplementary Table 3(c) | Calculated total quality factor (Qtotal) for different numbers of cavities and DBR-pair distributions. 
[image: ]


Supplementary Fig. 6 | Simulated reflectance spectra for different DBR pair distributions (Lp, Rp) at the phase-engineered interface. By redistributing the DBR pairs, the coupled-cavity resonance spacing， and hence the FSR can be systematically tuned.Wavelength (nm)
Reflectivity
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[bookmark: _Toc238653728]Supplementary Fig. 7 | Standard III-V wafer processing flow for VCSEL fabrication. Fabrication began with dry etching of the p-type DBR using chlorine-based reactive-ion etching (RIE) or inductively coupled plasma reactive-ion etching (ICP-RIE) to expose the high-aluminum oxidation layer. Selective lateral oxidation was then performed at 400 °C in an N₂/H₂O ambient to form the oxide aperture, with a diameter of approximately 3.5 μm. Electrical injection was established by depositing a ring-shaped Ti/Pt/Au p-contact surrounding the aperture, followed by a SiO₂ passivation layer  by plasma-enhanced chemical vapour deposition (PECVD)-for electrical isolation. A thick Au overlayer was subsequently electroplated to reduce electrode resistance, and the substrate was mechanically ground and polished to a thickness of approximately 200 μm. The process was completed by evaporating an Au/Ge/Ni ohmic contact onto the wafer backside.



[bookmark: _Toc238653729]Supplementary Fig. 8 | Temperature-dependent power conversion efficiency (PCE) of VCSELs with different aperture diameters. Measured PCE of VCSELs with 5-μm and 3.5-μm oxide apertures over an ambient temperatures range of 25-95 °C, highlighting the impact of aperture size on thermal efficiency.
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[bookmark: _Hlk236777590][bookmark: _Toc238653730]Supplementary Fig. 9 | Temperature-dependent L-I characteristics of the 5-μm-aperture supercavity VCSEL. Measured light-current (L-I) characteristics of the 5-μm-aperture supercavity VCSEL at ambient temperatures ranging from 25 °C to 95 °C, showing a gradual thermal roll-off in output power with increasing temperature. The threshold current remains below 1.0 mA throughout the measured temperature range and is 0.53 mA at 95 °C, indicating stable lasing operation over a wide temperature range.


[image: ]
[bookmark: _Toc238653731]Supplementary Fig. 10 | Temperature-dependent L-I characteristics of the 3.5-μm-aperture supercavity VCSEL. Emission wavelength as a function of ambient temperature, exhibiting a linear redshift with increasing temperature and a wavelength tuning coefficient of 0.05 nm K⁻¹.


[bookmark: _Hlk236777566][bookmark: _Hlk237008987] Supplementary Fig. 11 | Temperature-dependent lasing characteristics of the 5-μm-aperture supercavity VCSEL. Left, Measured lasing spectra under ambient temperatures ranging from 25 °C to 95 °C, showing stable single-mode operation across the entire temperature range. Right, Emission wavelength as a function of ambient temperature, exhibiting a linear redshift with increasing temperature and a wavelength tuning coefficient of 0.05 nm K⁻¹.
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[bookmark: _Toc238653733]Supplementary Fig. 12 | Measured current-dependent lasing characteristics of the 3.5-μm-aperture supercavity VCSEL. Emission wavelength as a function of injection current, exhibiting a gradual redshift with increasing current and a wavelength tuning coefficient of 0.60 nm mA⁻¹.



[bookmark: _Toc238653734][bookmark: _Hlk237008965]Supplementary Fig. 13 | Current-dependent lasing characteristics of the 5-μm-aperture supercavity VCSEL. Left, Measured lasing spectra under injection currents ranging from 1.0 to 2.5 mA, showing stable single-mode operation with a side-mode suppression ratio (SMSR) of 20 dB at 2.5 mA. Right, Emission wavelength as a function of injection current, exhibiting a gradual redshift with increasing current and a wavelength tuning coefficient of 0.59 nm mA⁻¹.




[bookmark: _Hlk239064202][bookmark: OLE_LINK4][bookmark: _Toc238653735]Supplementary Fig. 14 | Measured single-sideband phase-noise spectrum of the monolithic supercavity VCSEL. The phase noise decreases monotonically with increasing offset frequency, approaching the white-noise-limited regime at high frequencies. Two regimes characterize the noise spectrum. Technical noise (mechanical vibration, current fluctuations and thermal drift) dominates at low offset frequencies as a 1/f flicker. At higher frequencies, the spectrum flattens to a white-noise background governed by spontaneous-emission quantum noise and carrier fluctuations. The intrinsic Lorentzian linewidth extracted from the high-frequency white-noise floor is 0.48 MHz (cross-validated by heterodyne beat-note measurement, Supplementary Fig. 16).
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[bookmark: _Toc238653736]Supplementary Fig. 15 | Current-dependent relative intensity noise (RIN) spectra of the supercavity VCSEL measured at 25 °C and 85 °C. The RIN spectra were recorded under different injection currents at both temperatures. With increasing injection current, the high-frequency white-noise floor progressively decreases consistent with the increase in optical output power and the concomitant suppression of relative intensity fluctuations. This current-dependent behaviour remains essentially unchanged at 85 °C, with no discernible degradation of the high-frequency noise floor or the emergence of excess intensity noise. 
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[bookmark: _Hlk238586183][bookmark: _Toc238653737]Supplementary Fig. 16 | Beat-note linewidth measurements under different operating conditions. Beat spectra measured over a range of ambient temperatures (horizontal axis: 25, 45, 65, 85, and 95 °C) and injection currents (vertical axis: 1.5, 2, 2.5, 3, and 3.5 mA), together with the corresponding Lorentzian fits. The extracted Lorentzian linewidths remain below 0.5 MHz across all measured conditions, demonstrating robust narrow-linewidth operation over a broad range of temperatures and injection currents.
[bookmark: _Hlk238587773]

[image: ]
[bookmark: _Toc238653738][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Supplementary Fig. 17 | Allan deviation of the VCSEL-based Cs clock. Measured Allan deviation (σᵧ(τ)) of the VCSEL-based Cs clock, showing stable frequency performance up to a tracking duration of ~100,000 s. With increasing averaging time, the Allan deviation continues to decrease and reaches a minimum value of 8.7 × 10⁻¹³ at an averaging time of 8,192 s, demonstrating long-term frequency stability. For comparison, four reference systems are also shown, with minimum Allan deviations of 11.89 × 10⁻¹² τ−1/2, 27.78 × 10⁻¹² τ−1/2, 37.71 × 10⁻¹² τ−1/2, 42.50 × 10⁻¹² τ−1/2, respectively. The minimum Allan deviation achieved in this work is more than a factor of two lower than that of the best-performing reference system, highlighting the high frequency stability enabled by the low-noise supercavity VCSEL.
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Lorentz

方程

y = y0 + (2*A/pi)*(w/(4*(x-xc)^2 + w^2))

绘图

1/19 2/18 3/17 4/16 5/15 6/14 7/13 8/12 9/11 10/10

y0

0.99902 ± 10.99904 ± 1.0.99907 ± 10.99911 ± 1.0.99917 ± 1.0.99925 ± 9.0.99934 ± 80.99945 ± 6.0.99956 ± 5.0.99968 ± 3.

xc

894.6 ± 9.9894.6 ± 9.84894.6 ± 9.6894.6 ± 9.24894.6 ± 8.76894.6 ± 8.13894.6 ± 7.3894.6 ± 6.42894.6 ± 5.36894.6 ± 4.23

w

0.02129 ± 30.02127 ± 3.0.02125 ± 30.02121 ± 2.0.02117 ± 2.0.0211 ± 2.50.02103 ± 20.02095 ± 2.0.02086 ± 1.0.02078 ± 1.

A

-0.02082 ± -0.02071 ± 2-0.02053 ± -0.02025 ± 2-0.01987 ± 2-0.01934 ± 1-0.01864 ± -0.01773 ± 1-0.01657 ± 1-0.01513 ± 7

Reduced C

2.85178E-6 2.74941E-6 2.57887E-6 2.33974E-6 2.03543E-6 1.67687E-6 1.28616E-6 8.97774E-7 5.53867E-7 2.91287E-7

R平方(COD

0.99984 0.99984 0.99985 0.99986 0.99987 0.99989 0.99991 0.99993 0.99995 0.99997

调整后R平

0.99983 0.99984 0.99985 0.99986 0.99987 0.99989 0.99991 0.99993 0.99995 0.99997

FWHM=0.02129 nm
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1 91936.64448 16.39600 6.50499 3.69966 2.46690 1.79641 1.38057 1.09862 0.89496 0.74090 0.62036 0.52368 0.44463 0.37912 0.32426 0.27800 0.23873 0.20524 0.17664 0.15213 0.13102 0.11291 0.09737 0.08397 0.07238 0.06240 0.05393 0.04641 0.04012 0.03451

2 16.39600 23833.75573 10.83343 4.81653 2.93850 2.04962 1.53758 1.20561 0.97277 0.80015 0.66699 0.56128 0.47549 0.40477 0.34579 0.29620 0.25420 0.21844 0.18793 0.16182 0.13933 0.12006 0.10352 0.08927 0.07695 0.06633 0.05732 0.04933 0.04264 0.03668

3 6.50499 10.83343 11074.56107 8.75459 4.09416 2.58223 1.84153 1.40242 1.11113 0.90307 0.74667 0.62475 0.52712 0.44742 0.38142 0.32622 0.27964 0.24010 0.20645 0.17767 0.15294 0.13175 0.11358 0.09793 0.08440 0.07276 0.06287 0.05410 0.04676 0.04023

4 3.69966 4.81653 8.75459 6471.89692 7.79698 3.74127 2.40051 1.73191 1.32950 1.05920 0.86425 0.71661 0.60079 0.50764 0.43135 0.36805 0.31495 0.27007 0.23200 0.19952 0.17166 0.14782 0.12740 0.10982 0.09463 0.08157 0.07047 0.06064 0.05242 0.04509

5 2.46690 2.93850 4.09416 7.79698 4230.87660 7.31419 3.55807 2.30400 1.67269 1.28956 1.03049 0.84267 0.69976 0.58731 0.49666 0.42230 0.36047 0.30853 0.26468 0.22740 0.19550 0.16825 0.14495 0.12491 0.10762 0.09274 0.08012 0.06893 0.05958 0.05125

6 1.79641 2.04962 2.58223 3.74127 7.31419 2933.97882 7.05976 3.45993 2.25170 1.64026 1.26755 1.01464 0.83065 0.69034 0.57977 0.49054 0.41722 0.35618 0.30497 0.26165 0.22471 0.19325 0.16639 0.14333 0.12344 0.10636 0.09186 0.07903 0.06830 0.05874

7 1.38057 1.53758 1.84153 2.40051 3.55807 7.05976 2100.67986 6.92226 3.40654 2.22297 1.62238 1.25545 1.00582 0.82394 0.68510 0.57561 0.48712 0.41435 0.35384 0.30299 0.25984 0.22322 0.19205 0.16533 0.14234 0.12259 0.10587 0.09106 0.07868 0.06767

8 1.09862 1.20561 1.40242 1.73191 2.30400 3.45993 6.92226 1530.60113 6.84742 3.37712 2.20714 1.61262 1.24871 1.00090 0.82022 0.68225 0.57329 0.48518 0.41281 0.35255 0.30175 0.25885 0.22247 0.19137 0.16465 0.14176 0.12237 0.10523 0.09092 0.07818

9 0.89496 0.97277 1.11113 1.32950 1.67269 2.25170 3.40654 6.84742 1126.04714 6.80555 3.36081 2.19856 1.60715 1.24493 0.99817 0.81823 0.68066 0.57196 0.48417 0.41198 0.35166 0.30108 0.25839 0.22203 0.19088 0.16424 0.14172 0.12183 0.10523 0.09047

10 0.74090 0.80015 0.90307 1.05920 1.28956 1.64026 2.22297 3.37712 6.80555 832.82358 6.78292 3.35237 2.19379 1.60410 1.24287 0.99678 0.81713 0.67972 0.57131 0.48365 0.41131 0.35120 0.30081 0.25811 0.22166 0.19057 0.16435 0.14122 0.12194 0.10481

11 0.62036 0.66699 0.74667 0.86425 1.03049 1.26755 1.62238 2.20714 3.36081 6.78292 617.77591 6.77239 3.34755 2.19106 1.60243 1.24188 0.99600 0.81644 0.67932 0.57099 0.48311 0.41098 0.35107 0.30063 0.25781 0.22141 0.19079 0.16384 0.14141 0.12151

12 0.52368 0.59641 0.62475 0.71661 0.84267 1.01464 1.25545 1.61262 2.19856 3.35237 6.77239 459.04231 6.76439 3.34428 2.18939 1.60164 1.24125 0.99542 0.81618 0.63770 0.57048 0.48283 0.41092 0.35095 0.30035 0.25757 0.22172 0.19025 0.16411 0.14095

13 0.44463 0.46211 0.52712 0.60079 0.69976 0.83065 1.00582 1.24871 1.60715 2.19379 3.34755 6.76439 341.38125 6.76037 3.34278 2.18900 1.60123 1.24080 0.99532 0.81610 0.67862 0.57027 0.48286 0.41086 0.35068 0.30014 0.25799 0.22113 0.19060 0.16360

14 0.37912 0.40477 0.44742 0.50764 0.58731 0.69034 0.82394 1.00090 1.24493 1.60410 2.19106 3.34428 6.76037 253.99577 6.76017 3.34324 2.18888 1.60088 1.24088 0.99537 0.81560 0.67845 0.57038 0.48285 0.41060 0.35047 0.30067 0.25732 0.22156 0.19002

15 0.32426 0.34579 0.38142 0.43135 0.49666 0.57977 0.68510 0.82022 0.99817 1.24287 1.60243 2.18939 3.34278 4.96508 189.03563 6.76532 3.34362 2.18853 1.60115 1.24104 0.99477 0.81542 0.67863 0.57039 0.48255 0.41036 0.35111 0.29989 0.25784 0.22089

16 0.27800 0.29620 0.32622 0.36805 0.42230 0.49054 0.57561 0.68225 0.81823 0.99678 1.24188 1.60164 2.18900 4.08834 6.76532 140.73369 6.76726 3.34260 2.18886 1.60130 1.24013 0.99448 0.81561 0.67861 0.57000 0.48225 0.41111 0.35018 0.30049 0.25705

17 0.23873 0.25420 0.27964 0.31495 0.36047 0.41722 0.48712 0.57329 0.68066 0.81713 0.99600 1.24125 1.60123 1.94019 3.34362 6.76726 104.77326 6.77141 3.34477 2.18969 1.60021 1.23992 0.99488 0.81570 0.67821 0.56970 0.48321 0.41004 0.35093 0.29959

18 0.20524 0.21844 0.24010 0.27007 0.30853 0.35618 0.41435 0.48518 0.57196 0.67972 0.81644 0.99542 1.24080 1.77493 2.18853 3.34260 6.77141 77.99191 6.79428 3.34903 2.18874 1.60041 1.24080 0.99522 0.81535 0.67795 0.57098 0.48200 0.41101 0.34992

19 0.17664 0.18793 0.20645 0.23200 0.26468 0.30497 0.35384 0.41281 0.48417 0.57131 0.67932 0.81618 0.99532 1.14330 1.60115 2.18886 3.34477 4.97758 58.07694 6.82185 3.34743 2.18905 1.60168 1.24122 0.99470 0.81498 0.67952 0.56947 0.48314 0.40978

20 0.15213 0.16182 0.17767 0.19952 0.22740 0.26165 0.30299 0.35255 0.41198 0.48365 0.57099 0.67910 0.81610 1.07348 1.24104 1.60130 2.18969 2.82390 6.82185 43.24727 6.84867 3.35258 2.19282 1.60309 1.24096 0.99453 0.81723 0.67782 0.57101 0.48178

21 0.13102 0.13933 0.15294 0.17166 0.19550 0.22471 0.25984 0.30175 0.35166 0.41131 0.48311 0.57048 0.67862 0.76269 0.99477 1.24013 1.60021 1.93971 3.34743 6.84867 32.17184 6.95672 3.37508 2.20075 1.60561 1.24256 0.99882 0.81600 0.68049 0.56994

22 0.11291 0.12006 0.13175 0.14782 0.16825 0.19325 0.22322 0.25885 0.30108 0.35120 0.41098 0.48283 0.57027 0.72353 0.81542 0.99448 1.23992 1.45365 2.18905 3.35258 6.95672 23.94533 7.16054 3.40468 2.20879 1.60978 1.24964 0.99784 0.81993 0.67951

23 0.09737 0.10352 0.11358 0.12740 0.14495 0.16639 0.19205 0.22247 0.25839 0.30081 0.35107 0.41092 0.48286 0.53706 0.67863 0.81561 0.99488 1.14311 1.60168 2.19282 3.37508 7.16054 17.83631 7.52013 3.44583 2.22319 1.62406 1.25022 1.00444 0.81962

24 0.08397 0.08927 0.09793 0.10982 0.12491 0.14333 0.16533 0.19137 0.22203 0.25811 0.30063 0.35095 0.41086 0.45556 0.57039 0.67861 0.81570 0.92509 1.24122 1.60309 2.20075 3.40468 7.52013 13.28056 8.31802 3.53573 2.26738 1.63405 1.26515 1.00778

25 0.07635 0.07695 0.08440 0.09463 0.10762 0.12344 0.14234 0.16465 0.19088 0.22166 0.25781 0.30035 0.35068 0.38796 0.48255 0.57000 0.67821 0.76240 0.99470 1.24096 1.60561 2.20879 3.44583 8.31802 9.87711 10.98453 3.76978 2.32326 1.67597 1.28090

26 0.06240 0.06633 0.07276 0.08157 0.09274 0.10636 0.12259 0.14176 0.16424 0.19057 0.22141 0.25757 0.30014 0.33150 0.41036 0.48225 0.56970 0.63651 0.81498 0.99453 1.24256 1.60978 2.22319 3.53573 10.98453 7.34621 17.13426 4.20512 2.47781 1.73455

27 0.05393 0.05732 0.06287 0.07047 0.08012 0.09186 0.10587 0.12237 0.14172 0.16435 0.19079 0.22172 0.25799 0.28461 0.35111 0.41111 0.48321 0.53758 0.67952 0.81723 0.99882 1.24964 1.62406 2.26738 3.76978 17.13426 5.48861 6.71950 5.77903 2.75877

28 0.04641 0.04933 0.05410 0.06064 0.06893 0.07903 0.09106 0.10523 0.12183 0.14122 0.16384 0.19025 0.22113 0.24372 0.29989 0.35018 0.41004 0.45474 0.56947 0.67782 0.81600 0.99784 1.25022 1.63405 2.32326 4.20512 6.71950 4.06637 4.09686 7.22985

29 0.04012 0.04264 0.04676 0.05242 0.05958 0.06830 0.07868 0.09092 0.10523 0.12194 0.14141 0.16411 0.19060 0.20994 0.25784 0.30049 0.35093 0.38832 0.48314 0.57101 0.68049 0.81993 1.00444 1.26515 1.67597 2.47781 5.77903 4.09686 3.03951 2.84629

30 0.03451 0.03668 0.04023 0.04509 0.05125 0.05874 0.06767 0.07818 0.09047 0.10481 0.12151 0.14095 0.16360 0.18011 0.22089 0.25705 0.29959 0.33096 0.40978 0.48178 0.56994 0.67951 0.81962 1.00778 1.28090 1.73455 2.75877 7.22985 2.84629 2.24980

Coupling strength |κ|  as a function of the left and right DBR-pair numbers, Lp and Rp
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1 0.00001 0.06084 0.15186 0.26079 0.37547 0.48612 0.58630 0.67278 0.74477 0.80307 0.84932 0.88541 0.91326 0.93456 0.95074 0.96295 0.97215 0.97906 0.98423 0.98810 0.99100 0.99316 0.99477 0.99597 0.99686 0.99753 0.99802 0.99840 0.99867 0.99888

2 0.06089 0.00004 0.09183 0.20314 0.32195 0.43821 0.54487 0.63803 0.71637 0.78034 0.83143 0.87151 0.90257 0.92639 0.94453 0.95825 0.96860 0.97638 0.98221 0.98657 0.98984 0.99228 0.99409 0.99544 0.99646 0.99721 0.99776 0.99819 0.99850 0.99873

3 0.15195 0.09196 0.00009 0.11334 0.23705 0.36083 0.47684 0.58014 0.66847 0.74162 0.80070 0.84748 0.88399 0.91214 0.93367 0.95001 0.96236 0.97167 0.97864 0.98387 0.98780 0.99072 0.99290 0.99452 0.99574 0.99665 0.99731 0.99782 0.99819 0.99847

4 0.26094 0.20332 0.11358 0.00015 0.12698 0.25791 0.38414 0.49954 0.60054 0.68586 0.75590 0.81210 0.85642 0.89088 0.91739 0.93761 0.95295 0.96454 0.97325 0.97979 0.98470 0.98836 0.99109 0.99313 0.99465 0.99579 0.99663 0.99727 0.99773 0.99808

5 0.37568 0.32220 0.23736 0.12736 0.00024 0.13513 0.27013 0.39760 0.51248 0.61205 0.69558 0.76379 0.81836 0.86127 0.89458 0.92015 0.93965 0.95444 0.96559 0.97397 0.98028 0.98499 0.98850 0.99113 0.99310 0.99457 0.99564 0.99647 0.99707 0.99753

6 0.48639 0.43852 0.36121 0.25837 0.13569 0.00034 0.13978 0.27706 0.40514 0.51967 0.61838 0.70085 0.76804 0.82168 0.86379 0.89642 0.92148 0.94059 0.95504 0.96595 0.97418 0.98033 0.98493 0.98837 0.99095 0.99287 0.99428 0.99537 0.99615 0.99675

7 0.58662 0.54524 0.47728 0.38468 0.27079 0.14058 0.00048 0.14234 0.28085 0.40925 0.52354 0.62171 0.70358 0.77018 0.82328 0.86491 0.89718 0.92196 0.94081 0.95509 0.96590 0.97400 0.98006 0.98460 0.98801 0.99056 0.99243 0.99386 0.99490 0.99569

8 0.67314 0.63845 0.58063 0.50015 0.39834 0.27797 0.14344 0.00065 0.14364 0.28282 0.41135 0.52544 0.62331 0.70482 0.77106 0.82381 0.86519 0.89726 0.92183 0.94055 0.95477 0.96547 0.97350 0.97952 0.98405 0.98742 0.98991 0.99182 0.99320 0.99426

9 0.74517 0.71682 0.66901 0.60120 0.51330 0.40617 0.28211 0.14515 0.00089 0.14421 0.28371 0.41223 0.52619 0.62385 0.70512 0.77109 0.82366 0.86489 0.89679 0.92126 0.93995 0.95408 0.96470 0.97270 0.97871 0.98321 0.98653 0.98907 0.99091 0.99233

10 0.80350 0.78083 0.74220 0.68658 0.61295 0.52080 0.41065 0.28453 0.14625 0.00120 0.14428 0.28386 0.41236 0.52620 0.62367 0.70471 0.77054 0.82299 0.86406 0.89587 0.92034 0.93893 0.95297 0.96358 0.97157 0.97756 0.98198 0.98538 0.98784 0.98973

11 0.84977 0.83194 0.80131 0.75666 0.69653 0.61959 0.52506 0.41324 0.28601 0.14703 0.00162 0.14396 0.28355 0.41195 0.52563 0.62288 0.70379 0.76950 0.82177 0.86274 0.89457 0.91892 0.93741 0.95144 0.96205 0.97001 0.97590 0.98043 0.98372 0.98625

12 0.88588 0.87204 0.84812 0.81289 0.76480 0.70212 0.62333 0.52748 0.41476 0.28695 0.14767 0.00217 0.14341 0.28289 0.41111 0.52452 0.62161 0.70238 0.76786 0.82000 0.86100 0.89267 0.91689 0.93536 0.94939 0.95996 0.96779 0.97383 0.97821 0.98159

13 0.91375 0.90311 0.88464 0.85723 0.81940 0.76938 0.70529 0.62549 0.52894 0.41577 0.28772 0.14839 0.00292 0.14253 0.28179 0.40969 0.52288 0.61978 0.70024 0.76556 0.81771 0.85849 0.88998 0.91416 0.93264 0.94661 0.95699 0.96502 0.97085 0.97536
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 Reflectivity as a function of the left and right DBR-pair numbers, Lp and Rp
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Intrinsic quality factor (Q

i

) as a function of cavity number and DBR-pair distribution
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