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Fig. S1. XRD patterns of pristine and TBPO-treated perovskite films with varying TBPO concentrations.
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Fig. S2. Top-view SEM images of (a) pristine perovskite and (b), (c), (d) TBPO-treated film with varied TBPO concentration. (e) Statistics of the corresponding crystal size distribution with varied TBPO concentration.
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Fig. S3. GIWAXS pattern of pristine and TBPO-treated perovskite films.
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Fig. S4. Diagram of optical gain characteristic measurement.
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Fig. S5. Two-dimensional pseudo-color contour map of TA spectra for TBPO-treated perovskite films at 2.47 μJ cm-2.
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Fig. S6. TRPL0 as a function of laser power density for pristine and TBPO-treated films, respectively.
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Fig. S7. Absorption spectrum of the 3D printed WGM micro-ring array.
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Fig. S8. Extracted mode spacing as a function of the inverse of the ring radius.
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Fig. S9. The interferogram of the lasing output using a Michelson interferometer at different positions of the delay line.
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Fig. S10. Environmental stability of the WGM micro-ring laser under ambient conditions.
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Fig. S11. Lorentzian fit of the lasing with varying bending radii (from 2 to 0.1 mm).


Fig. S12. Evolution of the normalized lasing intensity and FWHM after repeated bending-release cycles.
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Fig. S13. SEM images of the flexible micro-ring cavities after 0, 1000, 5000, 10000, and 15000 bending-release cycles, respectively.

[bookmark: OLE_LINK4][bookmark: OLE_LINK1]Supplementary Note S1. Temperature-dependent PL
The intensity of the PL spectra as a function of inverse temperature is extracted in Fig. 2i, which can be fitted using the Arrhenius equation1-3: 

where I0 is the PL intensity at 0 K, A is a constant, and KB is the Boltzmann constant.

Supplementary Note S2. Global fits of carrier recombination kinetics
	The absorption coefficient of perovskite can be quantified in terms of the optical density (OD), sometimes called absorbance. Hence the absorption coefficient can be calculated as follows:

OD is the absorbance obtained via a UV-vis spectrometer.
Carrier density calculation:

Where Pave is the pump power, flaser is the repetition rate of the pulsed laser, r is the radius of the laser spot, R is the reflection coefficient of D-J perovskite film , l is the thickness of perovskite films, α is the absorption coefficient.
Here, the carrier recombination kinetics can be fitted by the following equation:

The photobleaching kinetics is chosen for analyzing. The maximum of the photobleaching kinetics can be denoted to be excited carrier density n(t). n(t) shows a linear relationship with ΔA(t) as following4:

Where is the proportionality factor between the initial absorption change ∆A0.
Firstly, the monomolecular recombination constant k1 can be derived from the TRPL measurements at ultralow pump density (Fig. 2c), where the trap-assisted recombination dominates and high-order recombination (k2 and k3) is negligible. The monomolecular recombination constant k1 can be derived from the equation. Considering the above conditions, the bimolecular k2 and trimolecular recombination constant k3 can be extracted through a global fitting procedure. The fitting results are summarized in Table S3.

Table S1. Fast decay component (τ1), slow decay component (τ2) of pristine perovskite and TBPO-treated film respectively.
	Sample
	[bookmark: _Hlk208520299]τ1 (ns)
	A1
	τ2 (ns)
	A2
	τave (ns)

	Pristine
	19.66
	0.247
	100.42
	0.753
	95.55

	TBPO
	36.69
	0.178
	181.31
	0.824
	175.25



Table S2. Comparison of the D-J perovskite thin-film ASE performance.
	Gain media
	Pump source
	ASE wavelength
	Threshold
	Gain coefficient
	YearRef

	D-J film
	0.5 ns, 355 nm
	535 nm
	25 μJ cm-2
	383 cm-1
	20235 

	D-J film
	35 fs, 400 nm
	538 nm
	8.8 μJ cm-2
	/
	20246 

	D-J film
	35 fs, 400 nm
	534 nm
	28.5 μJ cm-2
	/
	20247

	D-J film
	35 fs, 400 nm
	520 nm
	4.8 μJ cm-2
	1559 cm-1
	20248

	D-J film
	10 ns, 532 nm
	676 nm
	61 μJ cm-2
	/
	20249

	D-J film
	500 ps, 355 nm
	541 nm
	18.6 μJ cm-2
	190 cm-1
	202510

	D-J film
	fs, 400 nm
	540 nm
	8.5 μJ cm-2
	 601.4 cm-1
	202511

	D-J film
	400 nm
	528 nm
	8.2 μJ cm-2
	368 cm-1
	202512

	D-J film
	35 fs, 400 nm
	539 nm
	3.2 μJ cm-2
	1948 cm-1
	This work



Table S3. Recombination decay constant of pristine and TBPO-treated film.
	Sample
	k1 (s-1)
	k2 (cm3 s-1)
	k3 (cm6 s-1)

	Pristine
	1.243*10 7
	0.43*10-9
	12*10-28

	TBPO
	6.459*10 6
	0.82*10-9
	2.3*10-28



Table S4. Summary of representative perovskite WGM lasers based on various cavity geometry
	Cavity geometry
	Gain medium
	Characteristic size
	Substrate
	Mode feature
	Threshold
	Linewidth
	Yearref

	Microring WGM laser array
	2D R-P perovskite (BA)2(MA)5Pb6Br19
	D = 12, 19, and 29 µm
	glass
	Multi-mode WGM
	12.2 µJ cm-2
	~0.21 nm
	201813

	Imprinted microdisk WGM cavity
	MAPbBrxIy thin film
	D=2.1,3.8,5.65,8.3 µm
	glass
	Single-mode WGM
	0.3 mJ cm-2 
	~0.2-0.3 nm
	201914

	Micron hemisphere WGM cavity
	CsPbBr3 hemispheres
	Several to dozens of micrometers
	Si
	Multi–mode WGM
	36.1 µJ cm-2
	~0.22 nm
	202015

	microdisk
	MAPbBr3
	Circular microdisk D = 20 µm;
	ITO
	Multi-mode WGM
	20.5 µJ cm-2;
	~0.5 nm
	202116

	microdisk WGM array
	Single-crystal CsPbX3 thin film, mainly CsPbBr3
	D = 3,4,5,6 µm
	mica
	Single-mode WGM
	5.1 µJ cm-2
	~0.09 nm
	202317

	3D-printed flexible WGM cavity
	D-J quasi-2D perovskite
	R = 3,4 5,6 µm microring; 
	flexible substrate
	Single-mode flexible WGM
	11.2 µJ cm-2
	~0.20 nm
	This work



Table S5. Characteristics of perovskite flexible lasers from the literature.
	Device
	Cavity construction
	Gain medium
	Threshold
	Linewidth
	Stability
	Yearref

	Single-mode laser
	DBR
	FAPbBr3
	40.6 μJ cm-2
	0.6 nm
	20 h lifetime (rigid)
	201718

	Random laser
	/
	MAPbBr3
	[bookmark: OLE_LINK8]10 μJ cm-2
	0.4 nm
	Stable lasing after 200 cycles of 90% strain–release deformation.
	201719

	Random laser
	/
	MAPbBr3
	2.5 mJ cm⁻²
	1.8 nm
	Similar lasing intensity retained after >2000 bending cycles.
	201920

	[bookmark: OLE_LINK11]Random laser
	/
	[bookmark: OLE_LINK9]CsPbBr3
	[bookmark: OLE_LINK10]52.1 μJ cm-2
	/
	Threshold remained stable after 100 cycles of 50% stretching and 0.12 mm-1 bending.
	202121

	[bookmark: OLE_LINK13]Random laser
	/
	CsPbBr3
	[bookmark: OLE_LINK12]190 μJ cm-2
	1 nm
	Stable lasing intensity after 1000 cycles of 45° bending and release.
	202122

	Random laser
	/
	MAPbBr3
	[bookmark: OLE_LINK14]14.6 μJ cm-2
	0.3 nm
	Retained >95% initial lasing intensity after 10000 bending cycles at R=3.5 mm.
	202323

	Single-mode laser
	WGM resonator
	D-J perovskite
	11.2 μJ cm-2
	0.2 nm
	Retained >86% initial lasing intensity after 15000 bending cycles
	This work
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