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Fig. S1 (a) Schematic of QIBC PSCs with the effective perovskite of 300 nm. (b) Abs and R
spectra of QIBC PSCs. The inserted pie graph is the distribution of the corresponding current
densities.

Fig. S2 (a) Schematic of QIBC PSCs with the effective perovskite of 500 nm. (b) Jph as a function
of ARC thickness.



Fig. S3 Para Abs spectra of QIBC PSCs with the corresponding current-density loss (Jloss) inserted
in the figure.

Fig. S4 (a) Schematic of sandwich PSCs with the effective perovskite of 500 nm. (b) Abs and R
spectra of sandwich PSCs. (c) Para Abs spectra of sandwich PSCs with the corresponding Jloss
inserted in the figure.



Fig. S5 Recombination loss distributions within perovskite regions for (a) sandwich and (b) QIBC
PSCs under Dit_ETL = 1013 cm−2 at the MP condition.

Fig. S6 Dependence of (a) FF, (b) Jsc and (c) Voc of QIBC and sandwich PSCs on Dit_HTL.



Fig. S7 Dependence of (a) FF, (b) Jsc and (c) Voc of QIBC and sandwich PSCs on Dit_ETL.

Fig. S8 Dependence of Jsc and Voc of QIBC PSCs on Stop.



Fig. S9 Dependence of (a) FF, (b) Jsc and (c) Voc of QIBC and sandwich PSCs on µn of perovskite.

Fig. S10 Dependence of (a) FF, (b) Jsc and (c) Voc of QIBC and sandwich PSCs on Nt of
perovskite.



Fig. S11 Voc versus light intensity for QIBC and sandwich PSCs under Dit_HTL = Dit_ETL = 108 cm−2.

Fig. S12 Recombination loss distribution within perovskite regions under (a) SC, (b) MP and (c)
OC conditions.



Fig. S13 (a) Jn and (b) Jp distributions within perovskite, ETL and HTL regions under the MP
condition, where the red arrows represent the current density direction.

Fig. S14 (a) Jn and (b) Jp distribution within perovskite, ETL and HTL regions under the OC
condition, where the red arrows represent the current density direction.



Fig. S15 2D cross-sectional potential distribution under (a) SC, (b) MP and (c) OC conditions.

Fig. S16 Jsc of QIBC and Sandwich PSCs as a function of perovskite doping concentration.



Fig. S17 FF of QIBC PSCs under various Nd/Nc of ETL and Na/Nv of HTL.

Fig. S18 Position intercepting inside the perovskite film for the QIBC structure.



Fig. S19 Linear and 2D cross-sectional potential distribution under Ni = 0, 1015 and 1017 cm−3.

Fig. S20 Concentration distribution of anions and cations within perovskite region under Ni = 1015

and 1017 cm−3.



Fig. S21 PCE and ΔPCE of QIBC PSCs as a function of Pitch under ff = 0.5 with Dit =1010 cm−2

for no-PR and PR cases.

Fig. S22 J-V curves of QIBC PSCs under different cases.



Table S1 Parameters used for simulation.1-4

Material parameters ETL Perovskite HTL

Thickness, nm 100 400-600 50

Electron affinity, χ (eV) 4.23 3.93 1.7

Bandgap energy, Eg (eV) 3.7 1.55 3.6

Relative dielectric permittivity, ɛ 9 6.5 12

Effective conduction band density, Nc

(cm–3)
4.36×1018 2.8×1018 9.15×1017

Effective valence band density, Nv (cm–3) 2.52×1019 1.8×1019 4.54×1018

Donor doping concentration, Nd (cm–3) 1×1017 / /

Acceptor doping concentration, Na (cm–3) / 1×1013 2.66×1017

Mobility of electron/hole, µn/µp (cm2/Vs) 1.9×10–3/1.9×
10–3

12.5/7.5 0.01/0.01

SRH life time, τn/τp (s) 0.083/0.083 2.73×10–6/2.73
×10–6

1×10–6/1×10–6

Radiative recombination coefficient, Brad
(cm3s–1)

/ 3.27×10–11 /

Auger recombination coefficient, An/Ap
(cm6s–1)

/ 0.88×10–29 /

Acceptor doping concentration, Na, cm–3 / 1×1020 /



Table S2 Simulated PCE for different ETL/HTL designs.

ETL/HTL designs CBO (eV) VBO (eV) PCE (%)

PCBM/CuO or PCBM/Cu2O -0.37 -0.08 24.71

TiO2/Cu2O -0.07 -0.08 25.50

ZnO/NiOx -0.47 -0.18 22.95

PCBM/NiOx -0.37 -0.18 24.69

SnO2/NiOx -0.30 -0.18 25.32

TiO2/NiOx -0.07 -0.18 25.47

ZnO/Spiro-MeOTAD -0.47 -0.28 22.93

TiO2/Spiro-MeOTAD or TiO2/CuI -0.07 -0.28 25.40

ZnO/PEDOT:PSS -0.47 -0.38 22.65

SnO2/Spiro-MeOTAD -0.30 -0.28 25.30

ZnO/P3HT -0.47 -0.48 21.45

TiO2/P3HT -0.07 -0.48 23.44

IBCA/P3HT 0.23 -0.48 21.97
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