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Figure S1. Cross-sectional SEM images of (a) the n-type perovskite film with PbI2 layer and (b) p-

n homojunction.



Figure S2. The molecular structure of the PEA polymer



Figure S3. Top view SEM-EDS images of n-type perovskite (a) without or (b) with PEA after the 

annealing.
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Figure S4. Contact angles of perovskite precursor solutions on (a) n-type perovskite film and (b) 
n-type perovskite film with PEA.

Figure S5. Contact angles of perovskite precursor solutions on (a) PbI2 on n-type perovskite film 

and (b) PbI2 on n-type perovskite film with PEA.
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Figure S6. XRD patterns of n-type perovskite film, n-type perovskite film with and without 

the PEAI and p-type perovskite film with and without the PEAI
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Figure S7. Dark J-V curves of the n-type perovskite film and the p-n homojunction.
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Figure S8. Tauc plots of n-type and p-type perovskite films.
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Figure S9. Hot-carriertemperature as a function of delay time for different types of perovskite 

films.
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Figure S10. Evolution of Br 3d peaks (obtained from XPS depth profiling) of the PHJ (a) without 

and (b) with insert layer.
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Figure S11. FTIR spectra of (a) PEA and PbI2 with PEA samples and (b) PEA and FAI with PEA 
samples. 
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Figure S12. Evolution of Tauc plots of (a) p-n homojunction samples and (b) p-n homojunction 
with insert layer obtained at various temperature.
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Figure S13. Statistical distributions of the PCE values of PHJ-PSCs with various thickness of 
insert layer. The thickness of the insert layer is controlled by the dilution ratio of the solution.
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Figure S14. Dark J-V curves of the PHJ-PSCs without and with insert layer.



Table S1. The TRPL fitting parameters of different perovskite samples.
Sample τ1 (ns) A1 (%) τ2 (ns) A2 (%) τave (ns)

n-type perovskite 38.11 1.28 811.24 73.39 810.60
p-n homojunction 30.24 82.78 227.97 14.41 142.45
With insert layer 40.63 75.97 278.03 7.95 139.69


