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Figure S1. The molecular structure of TCTA
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Figure S2. The changes over time in transparency of TCTA-containing PbX,
precursor after air exposure.
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Figure S3. The XRD spectra of solvent-coordinated adduct powder obtained from
PbX; solutions (a) without and (b) with air exposure.
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Figure S4. The XRD spectra of the air-processed perovskite films with and without
TCTA.
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Figure S5. J-V characteristics of the hole-only devices under dark conditions.
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Figure S6. The responsivities of PPDs with and without TCTA.
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Figure S7. The noise currents and detectivities of PPDs with and without TCTA.



Table S1. The fitting data of the TRPL measurements of perovskite with and

without TCTA.
Sample A 71 (ns) A, 7, (ns)
W TCTA 157.6 101.2 766.1 382.4
W/o TCTA 533.0 2.7 443.0 10.4

The PL decay curves were fitted using a bi-exponential decay equation :

y = A1exp(-x/11) + A,exp(-x/13) + vy
Where 7, and 7, are the lifetimes for the fast and slow components, respectively.
The 7,y is given by the formula:

Tave = (41712 + A212)/( A17) + Aa12)



Table S2. The dark current densities of the PPDs with and without TCTA.

Device number Al A2 A3 Ad A5
ALY Jq (A em?) 2.2x10°10 3.6x10-10 1.8x10-10 1.1x10° 2.4x10°10
TCTA | Device number A6 A7 A8 A9 A10

Ja (A cm?) 4.7x10°10  7.5x10-10  9.4x10710 1.0x107 2.4x10-10

Device number B1 B2 B3 B4 B5
W/o Jq (A em?) 3.1x108 1.0x10-8 2.2x108 2.5x10° 7.5%x10°°
TCTA | Device number B6 B7 BS B9 B10

Ja (A cm?) 4.7x107° 1.1x108 8.3x10” 4.9x107 3.5x107°

The average dark current densities of PPDs with and without TCTA are 5.6 X101 A

cm?and 1.1 X10®% A cm2, respectively.



Table S3. The peak EQE:s of the PPDs with and without TCTA.

Device number Al A2 A3 A4 AS

w EQE (%) 90.1 90.0 96.5 91.9 92.0
TCTA | Device number A6 A7 A8 A9 A10
EQE (%) 93.4 91.3 92.44 93.4 93.2

Device number B1 B2 B3 B4 BS

W/o EQE (%) 91.5 92.1 91.3 93.7 90.3
TCTA | Device number B6 B7 B8 B9 B10
EQE (%) 90.3 89.4 90.1 91.0 88.6

The average peak EQFEs of PPDs with and without TCTA are 92.8 % and 90.8 %,
respectively.



