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S1. Sample preparation 

Three sets of samples are prepared: 1) 8 DBR pairs on the frontside (F8), 2) 8 DBR 

pairs on the front and 5 pairs on the backside (F8B5), and 3) 8 pairs on the front and 

10 pairs on the backside (F8B10), as depicted in Figure S1. The deposited DBR pairs 

consist of alternating layers of SiO2 (refractive index, 𝑛𝐿=1.47) and HfO2 (refractive 

index, 𝑛𝐻=2.15) with 45 and 85 nm thicknesses, respectively. Optical cavity formation 

can be observed with the ascending number of DBR pairs in F8, F8B5, and F8B10 

Figure S1: (a) Schematic of InGaN/GaN heterostructures (control sample), (b) 8 DBR pairs on the 

frontside (F8), (c) 8 DBR pairs on the front and 5 pairs on the backside (F8B5), and (d) 8 pairs on the 

front and 10 pairs on the backside (F8B10) sample. 

(a) (b) (c) (d) 
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samples. The central wavelength of the cavity formed in the F8B10 sample is at ~415 

nm, and a ~120 nm wide broad stopband is formed with 20% transmittance. The 

simulated transmittance spectrum of the F8B10 sample is also shown therein, and it 

is in good agreement with the measurements.  

The cavity in this work is different from the cavity typically used in GaN-based VCSELs. 

In our case, the bottom DBR is deposited below the sapphire substrate layer (as shown 

in Figure S1(d)). Therefore, cavity length is larger than that of the VCSEL cavity where 

the MQW active region is sandwiched between the top and bottom DBR layers1–4. As 

a result, we have a wide stopband of ~120 nm wide and the transmittance within the 

stopband in significantly greater than zero (~20%), as depicted in the transmittance 

spectra of F8B10 sample in Figure S2. In addition, the cavity mode which is at ~418 

nm has a large linewidth of ~3.2 nm in contrast to the VCSELs where it is in the range 

of 1.5-0.5 nm4. We have now added this explanation in the updated manuscript. 

 

S2. Details of Transient absorption spectroscopy setup 

A pump pulse of 3.81 eV energy is used to excite the samples. Delayed weak 

broadband (350-800 nm) probe pulse, passing through the sample, carries the 

information on the excited-state dynamics. Change in absorption spectra of the probe 

Figure S2: Transmission spectra of all the samples, cavity formation can be observed with the 

ascending number of DBR pairs in F8, F8B5, and F8B10 samples. A simulated transmission 

spectrum of the F8B10 sample is also depicted therein. The gaussian peak fitting is shown 

along with the obtained linewidth (~3.2 nm),  and the wide stopband width (120 nm) are also 

highlighted.  
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pulse passing through an excited and non-excited sample is recorded at each time 

delay. Relative differential absorption Δ𝛼(𝜆, 𝑡) of the probe pulse is given as5, 

∆𝛼(𝜆, 𝑡) =
𝛼𝑤(𝜆, 𝑡) − 𝛼𝑤𝑜(𝜆)

𝛼𝑤𝑜(𝜆)
 

here, 𝛼𝑤 and 𝛼𝑤𝑜 are the absorption coefficients of the probe pulse with and without 

pump-induced excitation, respectively. 

  

S3. InGaN effective band-edge initial kinetics 

Figure S3 Basic block diagram and working principle of TAS setup. 

Figure S4 Single exponential fitting of capture kinetics at the InGaN band-edge of (a) 

Control sample, (b) F8 sample, (c) F8B5 sample, and (d) F8B10 sample. 
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S4: Electron de-trapping from the sub-bandgap states6 

The carriers trapped in the sub-bandgap states do not necessarily recombine with the 

opposite charge carriers. Instead, the carrier can escape into the conduction band 

(CB) due to Coulombic interaction with those in the CB. Figure S5(a) depicts the 

carrier recovery in a quantum well system, where Et is the trap energy level. The 

recovery mechanism is manifested experimentally by ultrafast pump-probe 

spectroscopy. A theoretical framework is also developed to obtain the probability of 

such transitions in InGaN/GaN quantum-confined heterostructures.   

A two-particle Hamiltonian gives an adequate description of a system under 

Coulombic interaction. Here, one electron is in the nominal ground state (Ee1) in the 

QW, and the other electron is trapped in any of the sub-bandgap states (Et). Electron-

electron scattering due to screened Coulombic interaction serves as the perturbation 

in the system. The time-dependent joint probability density (JPD) is calculated by 

taking the projection of Fermionic wavefunction onto the original eigenstate. There are 

four probabilistic outcomes from the interaction of two electrons, listed as JPD1 to 

JPD4 in Figure S5(b) to S5(e).  

Figure S5 (a) Illustration of de-trapping mechanism; (b) to (e) are the schematic of JPDs; (f) time 

evolution of JPDs (g) carrier kinetics obtained from pump-probe spectroscopy, matching with the 

theoretical estimation from the modified rate equations is also shown. 
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Taking JPD3 and JPD4 into account, conventional rate equations are solved 

numerically, and excess carrier decay kinetics are obtained. Figure S5(g) shows the 

differential transmission data of a typical InGaN/GaN QW heterostructure obtained 

from femtosecond pump-probe spectroscopy. The kinetics correspond to the excess 

carrier decay after optical excitation. The matching of experimental data with the 

simulation model is shown in a solid red line. It is evident that the kinetics matches 

with the experimental data when quantum correction (JPD3 and JPD4) is taken into 

account. 

 

S5. Derivation of rate equation for Auger and BTB recombination. 

 

𝑑𝑛

𝑑𝑡
= −𝐶𝛽𝑛𝛽 

∫ 𝑛−𝛽𝑑𝑛 = −𝐶𝛽∫ 𝑑𝑡 

[
𝑛−(𝛽−1)

−(𝛽 − 1)
]

𝑛𝑜

𝑛(𝑡)

= −𝐶𝛽[𝑡]0
𝑡   

 

[𝑛(𝑡)−(𝛽−1) − 𝑛𝑜
−(𝛽−1)

]

−(𝛽 − 1)
= −𝐶𝛽𝑡 

𝑛(𝑡)−(𝛽−1)

𝑛𝑜
−(𝛽−1)

− 1 = (𝛽 − 1 )𝑛𝑜
(𝛽−1)

𝐶𝛽𝑡 

 

[
𝑛𝑜

𝑛(𝑡)
]

(𝛽−1)

− 1 = (𝛽 − 1 )𝑛𝑜
(𝛽−1)

𝐶𝛽 
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S6.  Amplified spontaneous emission in F8B10 sample 

 

S7. Peak excess carrier density  

The estimated peak excess carrier density in TAS measurements at different pump 

fluences are given below, 

Pump fluence in TAS 

(μJ/cm2)  

𝑛𝑜(cm-3) = 𝑗𝜎/𝑉 

820 3.18 × 1020 

715 2.77 × 1020 

500 1.94 × 1020 

450 1.74 × 1020 

360 1.30 × 1020 

 

S8. Theory of Auger recombination coefficient  

We have also numerically calculated the Auger recombination coefficient as a function 

of polarization filed in the QW to corroborate our reasoning of suppressed Auger 

recombination in the presence of optical feedback. Direct Auger recombination 

Figure S6 Normalized Differential absorption kinetics at the InGaN 

band-edge, of all the samples are depicted. Normalized Δ𝛼 value 

greater than one in F8B10 sample, is the signature of ASE. 
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process involving three electron states (two electrons) in a conduction band and a 

heavy hole in the valence band (CCCH) is considered in our calculations for the 

InGaN/GaN QW system7–9. Figure 9a of the main manuscript depicts the E-k diagram 

with CCCH Auger recombination process, considering the ground states 𝐸𝑒1 and 𝐸ℎ1 

for electrons and holes, respectively. As a result of electron-electron scattering 

originated from Coulombic interaction between electrons 1 and 2, recombination with 

a heavy-hole in the valence band (1’) and transition of another electron to the higher 

state (2’) takes place. The expression of total Auger recombination rate per unit 

volume in the QW structure is given as7–9, 

𝑅 =
2𝜋

ℏ
(

1

4𝜋
)

4 1

𝐿𝑧
∫ |𝑀𝑖𝑓|

2
𝑃(1,1′, 2,2′)𝛿(𝐸𝑖 − 𝐸𝑓)𝛿(𝑘1 + 𝑘2 − 𝑘1′

− 𝑘2′) 𝑑2𝑘1 𝑑
2𝑘2 𝑑2𝑘1′  𝑑2𝑘2′ 

 

here, 𝐿𝑧 is the well width in growth direction (z-axis), |𝑀𝑖𝑓|
2
 is the square of matrix 

element, 𝑃(1,1′, 2,2′) corresponds to the occupation probability of the initial and final 

states in the process. Last two terms are the result of energy and momentum 

conservation during Coulombic scattering. Momentum transferred in the plane of the 

QW during electron-electron scattering is 𝑘 = (𝑘1 − 𝑘1′) = (𝑘2′ − 𝑘2). Matrix element 

is calculated as,  

𝑀𝑖𝑓 = ∫ ∫ [𝜙1
∗(𝑥1)𝜙2

∗(𝑥2) − 𝜙2
∗(𝑥1)𝜙1

∗(𝑥2)]

× [
𝑒2

4𝜋𝜖|𝑥1 − 𝑥2|
exp(−𝜆|𝑥1 − 𝑥2|)] 𝜙1′(𝑥1)𝜙2′(𝑥2) 𝑑𝑥1 𝑑𝑥2 

 

here, 𝜙1(𝑥1), 𝜙2(𝑥2) are the initial wavefunction of electrons 1 and 2 and 

𝜙1′(𝑥1), 𝜙2′(𝑥2) are the final states, 𝜆 is the screening wavevector. The term 

𝑃(1,1′, 2,2′) is given as, 

𝑃(1,1′, 2,2′) = 𝑓𝑐(1)𝑓𝑐(2)𝑓𝑣(1′)[1 − 𝑓𝑐(2′)] [1 − 𝑒𝑥𝑝 (
−𝐸𝑡 − 𝐸𝑓𝑐 − 𝐸𝑓𝑣

𝑘𝑇
)] 

 

here, 𝑓𝑐(1), 𝑓𝑐(2) are the occupation probability of initial states and 𝑓𝑣(1′), [1 − 𝑓𝑐(2′)] 

are the occupation-probability of final states. 𝐸𝑡 is the minimum kinetic energy required 
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for 2′ electron, in order to satisfy momentum energy conservation. 𝐸𝑓𝑐 and 𝐸𝑓𝑣 are the 

quasi-Fermi levels for the conduction and the valence band, respectively.  
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