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Figure S1. The top-view of TiN films sputtered on Cgy with different thicknesses (a)

90 nm (b) 177 nm (c) 275 nm (d) 360 nm (e) 460 nm (f) 537 nm

(a) b) (c)
0 . "2 10— TiIN 35nm
2504 6 | -~ TiN165nm T
< - TiN 280 nm 3
T 200 ) EW071 TiN360 nm 8
§’1 0] e g 1 2
£ LA £ 1034 @
& = 3 \-\;,wf S
100 a = 1 €
g 10 =
5 3 1 Ty ® 546eV Er-Ey 2.96 eV
0 r r T T v 107 +— - - - T T — L L L
0 100 200 300 400 500 02 0 02 04 06 08 1 20 15 10 5 0
Thickness (nm) Voltage (V) Binding energy (eV)
(d) (e)
3 39 39
s 45 Az
o ITO -4.26
z 4.7 Wi
= o 51 -5.16
’ 5.5
’ -5.9
’ -6.2 TiN
s
3 3.5 4 812
hv (eV)

Figure S2. (a) Ry, as a Function of Thickness of TiN Films (b) The dark current of

TiN-based perovskite photodiode with different TiN thickness (¢) The UPS spectrum



of TiN film using He I excitation (21.2 €V) (d) The Plot of (ahv)? against photon
energy for the TiN thin film, which indicates a direct bandgap of ~3.06 eV (e) Energy

level of the TiN-based photodetector.

Table S1 Simulation parameters of TiN-based perovskite photodetector for energy
band in this study.

PTAA Perovskite PCBM Ceo TiN

Eg(eV) 3! 1.62 2.03 1.74 3.06
x (eV) 2.11 3.92 3.93 4.54 5.06
Thickness (nm) 20 600 40 20 360
Na(cm™) lel8 0 0 0 0
Nb (cm™) 0 0 2.93el7°  2el8  2.5¢20

Nc(ecm™) 2¢18%  2.5¢207  2.5e21% 2.2e18* 2.5¢21
Nv(cm) 2e19¢  2.5¢207  2.5¢21% 1.8e19* 2.5¢21
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Figure S3 EQE of perovskite photodiodes with and without TiN.



Table S2 The rise time and fall time of TiN-based photodetector measured at different
frequencies

Frequency (hz) 250 500 1000 2000 3000 4000

Rise time (us) 98.4 101 103 102 88.9 774
Control device

Fall time (us) 102 101 94 103 92.6 915

Control device Rise time (us) 98.3 100 89.5 97.7 932 76.6

(-0.2V) Fall time (us) 105 103 103 102 97.2 79.1

Rise time (us) 108 127 112 117 944 852
TiN-based device

Fall time (us) 102 146 98.1 107 104 78.2

TiN-based device Rise time (us) 112 106 104 108 96.5 86.5

(-0.2V) Fall time (us) 116 116 943 110 98 78.3
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Figure S4 (a) The response of control device under 520 nm light (intensisty: 1.54 mW

cm?) at different frequencies (a) under 0 bias (b) under -0.2 V bias The response of



TiN-based device under 520 nm light (intensisty: 1.54 mW cm?) at different

frequencies (¢) under 0 bias (d) under -0.2 V bias
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Figure S5 Appearance of electrodes aged for 507 hours at 85 °C (a) control group:
photodetector without TiN (b) TiN-based photodetector
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Figure S6 Dripping water of different films. Only perovskite, perovskite/Ag (10 nm),
and perovskite/TiN (10 nm) films, respectively.
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Figure S7 (a) Top-view SEM of TiN-based device (b) Ag EDS map (¢) Ti EDS map
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Figure S8 (a) Electrode appearance of aged device. (b-c) The XPS spectra of electrodes

for control device and TiN-based device.



Table S3 The atomic content of elements estimated by XPS

Atomic concentration (%) Without TIN With TiN

Ag 3d (%) 56.8 87.0
I3d (%) 383 9.8
Pb 4f (%) 4.9 0.2
Br 3d (%) <0.1 <0.1
Ti 2p (%) — 3.0
Total (%) 100 100

defective pixel

Figure S9 aged array defective spot detection (185 days with glass encapsulation)



(a) fresh-made array detection

(b) aged array detection (185 days with only glass encapsulated)
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Figure S10 (a) The imaging performance for fresh-made device (b) The imaging

performance for aged device. (185 days with glass encapsulation)
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