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Figure S1. Full width at half maximum (FWHM) at azimuth angle of (111) in XRD for

the five perovskite films.
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Figure S2. The EDS images of the Br element distribution for the five LDRP perovskite

thin films.
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Figure S3. Normalized absorbance and PL spectra of the five LDRP perovskite films.
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Figure S4. The pole figures showing the differences in broadness of the Azimuth

angle.
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Figure S5. Schematic diagram of crystal orientation for (a) I-I-1, (b) I-Br-I and (c) Br-Br-

Br perovskite films.
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Figure S6. TRPL spectrum of the two kinds of LDRP perovskites without charge

transport layers.
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Figure S7. Dark I-V measurements of the electron-only and hole-only devices based
on I-Br-l and I-I-l systems. (The orange area is the Ohmic region with a slope of 1,
where the current depends on the intrinsic mobile charge carriers of the perovskites;
the blue area represents the trap-filled restricted region with a slope of >2, where
the current depends on the trap filling process; the green region indicates the SCLC

region with a slope of 2, where the current depends on charge carrier mobility.)
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Figure S8. J-V curves of the devices with forward and reverse voltage scanning.
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Figure S9. The XRD patterns of the (a) I-I-1 and (b) I-Br-I LDRP perovskite thin films
exposing in air with humidity of 55%.
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Figure S10. The XRD patterns of the (a) I-I-1 and (b) I-Br-1 LDRP perovskite thin films

heated at 85 °C in glove box.
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Figure S11. The variations of PCE for I-I-1 and I-Br-I LDRP PSCs. The devices are stored

in glove box without encapsulation.
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Table S1. FWHM of (111) peak of the five LDRP perovskite films.

LDRP perovskite Peak position FWHM
films (111) (1112)
I-1-1 14.19° 0.143

I-Br-I1 14.24° 0.119

-I-Br 14.29° 0.131
I-Br-Br 14.36° 0.206

Br-Br-Br 14.94° 0.108
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Table S2. Parameters of the five LDRP perovskite films from EDS.

LDRP perovskite films Composition Ratio (I : Br)
I-1-1 e 100% (1)

|-Br-I l,,Br, 7.096

I-I-Br |,,Br, 3.121

-Br-Br l,,Bre 1.491
Br-Br-Br Br . 100% (Br)
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Table S3. The carriers lifetime (Tperovskiter Theterojunction), Charge transfer time (t¢r), and

the carrier extraction efficiency (n) of the I-I-1 and I-Br-I systems.

I-1-1 [-Br-I
Perovskite Tperovskite 31.73 ns 43.10 ns
Theterojunction 6.29 ns 2.364 ns

PEDOT:PSS/perovskite Ter 7.85ns 2.51ns
n 80.13% 94.18%

Theterojunction 4.013 ns 2.10 ns

Perovskite/PCBM Tt 4.425 ns 2.25ns

n 90.69% 93.33%
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Table S4. The trap-state density and charge mobility of the LDRP perovskite films.

LDRP perovskite

N¢(cm3) it (cm?2Vvisd) uo (cm2Vist)
films electron hole
[-1-1 2.02x1016 3.68x10 8.55x10°
[-Br-1 6.50x10%° 3.62x10* 1.05x107

Table S5. Comparison between our device and literature reported BA based 2D
16



perovskite devices with the same n value (n=5)

Active layer Device structures Voc Jsc FF PCE Perovskite film Refs.
vl [mA cm™?] [%] [%] fabrication
BA;MA4Pbslie ITO/Sn0,/perovskite/Spiro-OMeTAD/Mo0Os/Au 1.23 17.42 67.18 14.39 in Air 1
BA;MA4Pbslie ITO/PEDOT:PSS/ perovskite/PCBM/AI 0.99 15.50 65.59 10.00 in Glovebox 2
BA;MA4Pbslie ITO/PEDOT:PSS/ perovskite/PCBM/BCP/Cu 1.05 18.35 74.93 14.40 in Glovebox 3
(BA)2(MA0.8FA0.15Cs0.05)aPbsl16 ITO/PTAA/perovskite /Co/BCP/Ag 1.12 21.38 75.32 18.04 in Glovebox 4
(BA,GA)2(MA)4Pbsl 16 ITO/HTL/perovskite /PCBM/BCP/Ag 1.17 16.90 81.00 15.86 in Glovebox 5
GA-(BA)2(MA)4Pbsl16 ITO/PEDOT:PSS/ perovskite/PCBM/BCP/Ag 1.13 18.63 77.00 16.26 in Glovebox 6
BA;MA4PbsBr;l14 ITO/PEDOT:PSS/ perovskite/PCBM/LiF/Al 1.01 20.44 76.63 15.77 in Air This work
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