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S1. Fit to FWHM of PL Spectra under Different Temperature
The integrated PL intensity (IPLI) and FWHM of the PL spectra are calculated
through full peak fitting to PL spectrum. The emission line width dependent on

temperature can be described by a Bose-Einstein statistics:
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Here, "0 is inhomogeneous broadening term independent on temperature. L4 is
homogeneous broadening term, arising from acoustic phonon scattering. Fio and Evo
are scattering intensity and energy of longitudinal optical (LO) phonon, respectively.
And the last term denotes the contribution of impurities on the line width, which is
neglected in further calculation.

The broadening of FWHM with the temperature is much dependent of the carrier
scattering caused by carrier-phonon interaction. In general, there are four sources to
scatter the carriers causing broadening the PL, inhomogeneous broadening without
temperature dependence, acoustic phonon scattering, LO phonon scattering via the
Frohlich interaction and impurities scattering, respectively. However, if impurity
contribution is dominant at PL broadening, there will be a saturation at high
temperature in the temperature dependence of FWHM. Or, in the case of dominant
scattering by acoustic phonons, the line width broadens linearly with increasing
temperature.

S2. Fit to the PL Intensity under Different Temperatures

The trend of PL intensity with temperature can be expressed by the Arrhenius

equation:



I(T) =1,/(1 + Ae_EB/kBT)

where /) is the intensity at 0 K; kg is Boltzmann constant and Ep is exciton binding
energy.

S3. Calculation of Temperature-Dependent PLQY

The PL quantum yield (QY) can be defined as the ratio of the number of emitted

photons to the number of absorbed photons by a luminescent material:
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The most straightforward method for the determination of QY values presents the

absolute measurement of N,,; and N, with an integrating sphere setup. Here, 4 is the

Isample

wavelength; 4 is Planck’s constant; c is the velocity of light; " ex and lex are the
integrated intensities of the excitation light with and without a sample, respectively.

The PLQY at low temperature QY can be obtained from QY at room temperature:
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Here, I

em is the integrated area under the corrected emission spectrum; A is the
absorbance at the excitation wavelength; A, is the excitation wavelength; # is the

collection efficiency of the system.

S4. Derivation of radiative lifetimes from measured PL dynamics

The PL decay can be described by:



where T is the effective lifetime given by:
Ty = Tr,xani,X/ (Tx + ani,x)

ki is the relative fraction of perovskite film in the i-th sub-ensemble.
The PLQY of the individual sub-ensemble is given by:

q;=1tx/ T x

And the total PLQY of the entire sample (Q) can be expressed as:

Q= Z _TrXZkTX

i=1

So, the radiative lifetime is expressed as:

=Q" ZkTX TX

where (%) is the average lifetime.

SS. The exciton binding energy scaling law
The general empirical scaling law of the exciton binding energies based on a classical

model for low dimensional systems can be described as:

where E; and a, are the 3D Rydberg energy and Bohr radius of 3D perovskite,

respectively, and Ly is the physical width of the quantum well.
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Scheme S1. The spin-coating process of perovskite film preparation and the
perovskite structure of 2D (PBA,(MAPDbBT3),.1PbBry) films for n = 2 (#1), n = 3 (#2),
n =7 (#3) and 3D (MAPbBr3;) for thick (#4) and thin (#5) films.
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Fig. S1. The XRD patterns of #1, #2, #3 and #4.
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Fig. S2. SEM images and element mapping (Pb for blue and Br for green) of #1 (a),
#2 (b), #3 (c) and #4 (d).
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Fig. S3. Ellipsometric experimental spectra and simulated refractive and extinction
coefficients dispersion relationship of #4, #3, #2 and #1. The f represents refractive
index, and the k represents extinction coefficient.



Table S1. The parameters of perovskite films by fitting ellipsometric spectra, where

the fp; and kpp are refractive index and extinction coefficient at PL peak position of
perovskite films, respectively.

Perovskite ( af.p&’) (:_Iii : Th(ircll::ll)ess Surface(rllin(il)lghness
#1 2.11 0.01 232.09 17.45
#2 1.83 0.03 198.21 15.23
#3 1.77 0.11 183.77 19.46
#4 2.54 0.24 201.32 18.21
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Fig. S4. Temperature-dependent absorption (a) and PL (b) spectra of #1.
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Fig. SS. Temperature-dependent absorption (a) and PL (b) spectra of #2.
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Fig. S6. Temperature-dependent absorption (a) and PL (b) spectra of #3.
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Fig. S7. Temperature-dependent absorption (a) and PL (b) spectra of #4.
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Fig. S8. Integrated PL intensity (a) and FWHM (b) as a function of temperature #4
(3D), #3 (n=17), #2 (n=3) and #1 (n=2).
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Fig. S9. The dependence between binding energy and film layer number.



10° 3 E
1 O n=2 (@ o n=3 (b):
10" —— fi i

1 @=0.83
100—§

O 3D

2
Intensity/a.u.

T

N ——
102 10° 10 102

Pump intensity/mW cm™

S —
10° 10

Fig. S10. The dependence between PL intensity and pump intensity which is fited by
the IPLI:CPEIQ.
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Fig. S11. Normalized PL decays of perovskite films with different layers at different
temperatures.
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Fig. S12. The bi-exponential fitting parameters for normalized PL decay curves,
where t; and t, are time parameters; A; and A, are the percentages of time parameters;
tave 18 average lifetime.
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Fig. S13. Power-dependent emission spectra from #2 at different temperatures.
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Fig. S14. Power-dependent emission spectra from #3 at different temperatures.
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Fig. S15. Power-dependent emission spectra from #4 film at different temperatures.
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Fig. S16. -V curves of photodetectors based on quasi-2D perovskites of #1 (a), #2
(b) and #3 (c), under different illumination intensities.



