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1. Structural characterization of the MAPDbBr; thin film

We present in fig. S1 a X-ray diffraction diagram of our MAPbBr; crystalline thin film
taken at T = 300K in 26 geometry. This XRD reveals a highly crystalline material with
peaks corresponding to the (00X) directions of MAPbBr3.! The fact the (00X) directions
over-dominate the XRD signal is the signature of a highly oriented thin film.? The inset
in fig. S1 presents a picture of the MAPbBr3 thin films revealing a highly ransparent non-
diffusive sample, signature of an homogeneous polycristalline thin film with sub-micrometer

size domains. 2
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Figure S1: X-ray diffraction diagram of the MAPbBr3 crystalline thin film at T = 300 K.
Inset: picture of the transparent MAPbBr3 thin film. Scale marks are centimeters, minor
ticks are millimiters

2. Low-temperature experimental setup

We present in fig. S2 a detailed scheme of the low-temperature setup we used to performed the
experiments presented in the main text. Excitation laser, either pulsed diode at A =445 nm
or CW at A =532 nm, is coupled to a single mode fiber which delivers it to the microscope.
The excitation light is passes through a first achromatic objective to generate a parallel
beam. The beam is sent to a polarizer (Thorlabs, Glan-Thompson GTH10-A) and a half-
waveplate (Thorlabs, AHWP05M-600) to maximize the reflection on the first polarizing

beam splitter (Thorlabs, PBS101). The PBS reflects the beam to a quarter waveplate
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Figure S2: schematic view of the low-temperature experimental apparatus used to obtain
the results presented in the main text

(Thorlabs, AQWP05M-600) which transforms the linear polarization into a circular one.
That beam then enters the cryostat (Attocube, AttoDryl1100) at T = 4.8K and travels
down as a parallel beam to the microscope objective which focuses the excitation light onto
the sample. The sample stands on a group of X, Y ans Z steppers (Attocube, ANPx51
and ANPz51) which allow for macroscopic (up to few mm) displacements with ~50-100 nm
minimum step size. On top of the steppers, the sample is directly placed on an xyz piezo
scanner (Attocube ANsX150/LT) which allows nm-size minimum step size, over a 9x9 pm?
probing area. Light emitted by the sample is collected by the excitation objective and sent
through the microscope as a parallel beam. It is transmitted by the two PBS to a focusing
achromatic objective. Light is focused into a singe mode fiber, which directs the emission the
the Handbury Brown and Twiss interferometer for two-color fluorescence lifetime imaging

microscopy (FLIM), or to a spectrometer (Andor, Shamrock 303i) spectrometer coupled



to an emCCD camera (Andor, Newton 971) for hyperspectral measurements. Light was
dispersed by a 6001/mm grating allowing a spectral resolution of 0.24nm. The HBT is
composed by two single photon avalanche photodetectors (SPADs, Micron Photon Device,
PDM series) coupled by a 50:50 beam splitter. In front of detector 1, we placed a longpass
filter at 550 nm (Thorlabs, FELH0550) and a bandpass filter at 55045 nm (Edmunds Optics),
leading to a bandpass of 550-555 nm bandwidth. In front of detector 2, we placed a 568+5nm
(Edmunds Optics). The SPADs are connected to a multi-channel photon counting electronics

(PicoQuant, MultiHarp 150N).

3. Hyperspcetral power dependence
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Figure S3: (a)-(i) Examples of images extracted from a 9x9 pum?, 100x100 pixels hyperspectral
imaging of Zone 1 in the MAPbBr3 thin film for three different excitation intensities and
emission wavelengths. (a)-(c) Spatially resolved emission signal of the MAPbBr; thin film at
wavelength 548.340.40 nm for intensities of 100 yW/um? (a), 1 pW/pm? (b) and 10 nW /pm?
(c). (d)-(f) same as (a)-(c) but for emission spectra integrated over 560.7£0.40 nm. (g)-
(i) same as (a)-(c) but for emission spectra integrated over 568+0.40 nm. (j)-(1) Image of
9x9 pm?, 100x100 pixels representing X as a colorscale obtained from the fitting procedure
(following eq. 1 from the main text) performed for every pixels of Zone 1 for 6 excitation
intensities ranging over 5 decades from 100 yW /um? down to 1 nW/um?.



4. Fluorescence lifetime imaging microscopy (FLIM) setup: instru-

ment response function and count rate limitations
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Figure S4: Temporal instrument response function (IRF) for the two channels of the FLIM
setup.

We present in fig. S4 the typical instrument response function (IRF) of the FLIM setup used
for the reconvolution process for data fitting. Note the rebound at t = 160 ns, which is seen in
decay curves presented in the main text and is a characteristic of the MulitHarp 150N multi-
channel counter with a dead time set at 160 ns. Both channels exhibit a 3-points full-width at
half maximum (FWHM), i.e. FWHM = 240 ps. For the fit, the shortest allowed decay rate

was set at 50ns~!

, considering our IRF and the number of counts in the histograms, following
the recommendations in ref.? Since we are using a multi-channel electronics, the maximum
count rate is not limited to 1-5% of the repetition rate, but limited by the longest dead
time, here the 160 ns of the MultiHarp 150N, equivalently 6.25 MHz. The sum of the photon
count rate over the two channels was systematically checked and kept below ~2 % of that

frequency. To avoid fast-time pile-up effects, a statistical average of ~1 photon/laser-cycle

at maximum was observed, corresponding to a maximum combined count rate of ~100 kHz.



5. Fluorescence lifetime imaging microscopy (FLIM) images
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Figure S5: 9x9 um?, 50x50 pixels image of Zone 2 where a pixel takes the value calculated for
< 7y > from eq. 4c (in the main text) represented as a colorscale. (a)-(c) are obtained from
DET1 (550-555nm) for repetition rates 5 MHz ((a), ns = 5x10'° cm™3), 500 kHz ((b), ng5 =
5% 10 cm=3) and 100kHz ((c), ng; = 2.5x107 ecm=3). (d)-(f) are the corresponding values
of < 7, > obtained for DET2 (568+5nm). The few full-blue pixels in the white regions of
(b)-(c) are pixels where the automatic fitting procedure failed to converge correctly. They
do not represent more than 10 % of the images.
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