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Experimental section:
Materials

All organic solvents—dimethylformamide (DMF), N-Methylpyrrolidone (NMP), isopropyl alcohol (IPA),
chlorobenzene (CB) were purchased in anhydrous, ultra-pure grade from Sigma Aldrich, and used as received.
Ethylacetate (EAC, 99+% purity) was purchased from Reaktivtorg-Himprocess hps, 2-Methoxyethanol was purchased
from Acros Organics (99.5+%, for analysis), HNO; (70%). Photodiodes were fabricated on In,O;: SnO, (ITO) coated
glass (Rye<7 Ohm/sq) from Zhuhai Kaivo company (China). NiCl,'6H,O (from ReaktivTorg 99+% purity) used for
HTM fabrication. Lead Iodide (99.9%), Cesium iodide (99.99%), Cesium chloride (99.99%) trace metals basis from
LLC Lanhit, Russia and formamidinium iodide (FAIL, 99.99% purity from GreatcellSolar), were used for perovskite ink.
[6,6]-Phenyl-C61-butyric acid methyl ester (99% purity) was purchased from MST NANO (Russia). Bathocuproine
(BCP, >99.8% sublimed grade) was purchased from Osilla Inc. (UK) and used for the fabrication of hole blocking layer.

Inks preparation

For the preparation of composition Cso.2FAosPbl.+;Cloo; perovskite ink, we used CsCl, Csl, FAI, Pbl, powders in a
0.07:0.13:0.8:1molar ratio. The resulting mixture was dissolved in a DMF:NMP (volume ratio 640:360) with a
concentration of 1.35 M and stirred at a temperature of 50 °C for 1 h. PCBM was dissolved in CBat a concentration of
27 mg/ml and stirred for 1 h at a temperature of 50 °C. BCP was dissolved in IPA at a concentration of 0.5 mg/ml and
stirred for 8 h at a temperature of 50 °C. Before use, all solutions were filtered through 0.45 pm PTFE filters.

Device fabrication

Perovskite photodiodes were fabricated with inverted planar architecture ITO/c-NiO /perovskite
(Cs0.2FA0.8Pbl.+;Clo.07)/PCBM/BCP/Cu. Firstly, the patterned ITO substrates were cleaned with detergent, de-ionized
water, acetone, and IPA in the ultrasonic bath. Then, substrates were activated under UV-ozone irradiation for 30 min.
NiCl,'6H,0 precursor for NiO HTM film was spin-coated at 4000 RPMs (30 s), dried at 120 °C (10 min), and annealed
at 300 °C (1 h) in the ambient atmosphere. Perovskite absorber film was crystallized on the top of HTM with solvent
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engineering method. Perovskite precursor was spin-coated at 3000 RPMs (5 s), and 5000 RPMs (30 s), 200 puL of EAC
were poured on the substrate on the 21st second after the start of the rotation process. Then, substrates were annealed at
85 °C (1 min) and 105 °C (30 min) for conversation into the black perovskite phase. The PCBM ETL was spin-coated
at RPMs (30 s) and annealed at 50 °C (5 min). BCP interlayer was also spin-coated at 4000 RPMs (30 s) and annealed
at 50 °C (5 min). The copper cathode was deposited with the thermal evaporation method at 2 x 107 Torr vacuum level.
All devices were encapsulated with UV epoxy from Osilla inc. UV LS processes (P1-P3) were described in the
manuscript.

Laser scriber

The laser scriber system was designed by LLC Nordlase (Russia).

Laser type — Nd:YVOs, 355 nm, impulse — 22 ns at 50kHz. Maximum power — 3W.

The positioning of the samples was realized using motorized XY stage from Standa (1 um resolution in XY movement).
The maximum attenuation of the system — 99%.

During scribing all substrates were fixed with vacuum chuck.

Laser patterning cycle

ITO scribing (P1) was performed using 3 W power at a rate of 5 mm/s (50 kHz, 1 pulse per 3 microns). Electrical
isolation between the anode electrodes of the ITO for each pixel in the row was achieved by sequentially conducting 9
passes of the laser beam (50-micron diameter) with an offset of 10 microns.

The P2 process was realized in three passes (5 pm offset) at 1 W power at a speed of 5 mm/s. The width of the scribing
line of the P2 process was ~60 um. After deposition of the metal electrode in a vacuum, the P3 process required the
removal of conductive material from the insulating zones between the ITO anode electrodes. Additionally, transverse
scribing of the metal electrode was performed to form the final pixel geometry.

The pixel formation, indicated by the transverse metal scribing line in Fig. 2(a) in the manuscript, required the process
to be performed at 1 W power, a speed of 2 mm/s, and three passes (10 um offset). The width of the cut was 40 um.
Electrical isolation between pixels (P3 process) was achieved by ablating the metal contact using the P1 path (side
isolation lines according to the top view in Fig. 2(a)). To ensure isolation, scribing was performed at a power of 3 W,
speed of 20 mm/s for 1 pass of the laser beam with a cutting width of 40 um. The P1-P3 patterning processes were the
same for PPDs of all configurations.

Characterization
Surface roughness and film thicknesses were measured with KLLA-Telencor stylus profilometer.

SEM images were taken in high vacuum at 15 kV accelerating voltage were done with a JEOL JSM7600F system
(Tokyo, Japan).

KPFM measurements were performed via NSG10/pt tip calibrated with fresh HOPG (Tip potential = -240 mV)

KPFM mappings were carried out with an Ntegra Prima (NT-MDT SI, Russia) commercial scanning probe using a
NSG10/Pt (Tipsnano, Tallinn, Estonia) conductive probe, calibrated with fresh HOPG (Tip potential = -240 mV). For
KPFM measurements, the probe scans the surface topography using tapping mode first and then a 1 V AC voltage was
applied on the probe near its resonance frequency ([1200 kHz) to measure the sample surface potential distribution
through a DC voltage feedback loop. The scan rate was set to 0.5 Hz, and a lift scan height of approximately 100 nm
was adopted.

Dark JV curves were measured in an ambient atmosphere with Agilent BI500A Semiconductor Device Analyzer
(voltage step of 20 mV).

We used LM1-EPG1-11-N2-00001 CREE LED (540 nm) as a light source for estimation of Vo, Js vs. Po. The output
parameters (Voc, Jsc) were extracted from JV curves measured with Keithley 2400 SMU in 4-wire mode and a settling
time of 10—2 s. The LED was connected to a Keysight E36311A source-meter in a hinge-mounted configuration.
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Optical power measurements were performed on a ThorLabs S425C. Illuminance measurements were performed on a
UPRtek MK350. Completed set up for characterization of PPDs was placed in a black box.

The dynamic response was measured with DIGILENT Analog Discovery Pro 3450 (2 units), which were used as
oscilloscope and pulse generator.
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Figure S1 — The SEM image of ITO/Glass scribing after P1 process with 70 um width of anode electrode
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Figure S2 — The SEM image of ITO/Glass scribing after P1 process with 520 um width of anode electrode
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Figure S3 — The SEM image of ITO/Glass scribing after P1 process with 2000 um width of anode electrode

Figure S5 — Photo-image for the string of 10 PPDs with 520x580 um? pixels
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Figure S7 — AFM image of the perovskite absorber (a) SEM image of the edge region in perovskite absorber (b) EDX
elemental profiling for Cs (c), I (d) and Pb(e) in the perovskite absorber and edge region
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Figure S8 — AFM image with distribution of height (a); heat-map of the surface potential for perovskite film, edge
region and scribing area (b); relative changes of the surface potential for perovskite film, edge region and scribing

area (c)
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Figure S9 — The stabilization of Jp for various geometries of PPDs with time
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Figure S10 — The distribution of dark current density leakage values for the PPDs in stroke with geometries 70x130

(a); 520x580 (b); and 2000x2000(c)

|Iph| = nabanence%IL (Sl)l
Where L, - photocurrent;
Nabs- absorptance;
Nabs- quantu, efficiency for the photogenerated charge carriers;
Nee -charge collection efficiency;
q — elementary charge;
A- wavelength;
h-Planck’s constant;

¢ — speed of light;

IL- light intensity.

LDR = 20log (’1”7") (S2)

Where I,»- photocurrent in linear range

Ip- dark current

= pn
R=- (83)

Where - photocurrent (A)

Po- power of the illumination (W)
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Figure S11 — The external quantum efficiency of 2000x2000 PPD

* Iph\/z 1
b =" ((qud)m) (54)

Where A — active area of the device

1/2
NEP = B~ (S5)
R

Table S1 — The calculated values of the Jpnoto/Jdark for various Po

PPD configuration

Po (MW/cm?) 70x130 520x580 2000x2000
Jphoto/ Jdark ratio
2:10°3 6.6-10* 6.2:10? 5.1-10°
2:102 4.5-10? 6.6-10° 5.5-104
5-102 1.1-108 1.7-10 1.4-10°
1-101 2.0-10° 3.5-10* 2.8-10°

2-10° 3.9-10° 6.8-10* 5.8-10°




The active area of a photodiode refers to the light-sensitive region where the charge-transport junction
is located. A larger active area means more light can be detected, but it also results in a higher junction
capacitance. The photodiode's junction capacitance (Cy) varies directly with the active area and inversely with
the depletion region width. This junction capacitance, along with any stray capacitances in the circuit, forms
an RC time constant with the load resistance, which limits the bandwidth and speed of the photodiode?. The
frequency response (f3aB) expresses the rise time and fall time of a photodiode, indicating the frequency at
which the photodiode output decreases by 3dB (tr and tr~ 1/ f3as). Charge-carrier transit time (tcct) and the
RC constant determine the value of f3as (eq.S6)**:

= (o) + () (S6)

2mtcer

where R - total series resistance including the device resistance, contact resistances, and load resistances;
C - the sum of the capacitance of the device.

The correlation between f3¢g and RC could be approximated as shown in eq.S2:

1
f3dB~ IMRC (S7)

As the active area and junction capacitance increase, the RC time constant becomes larger, resulting in
a slower rise/fall times and lower bandwidth. Conversely, reducing the active area and junction capacitance

can improve the time response and frequency response of the photodiode.



Table S2 — The comparison of the PPDs’ output performance with the actual state-of-the-art results

Dark
_ ) Current Rise time/fall
_ _ Active area Patterning _ D*(Jones) )
Link Architecture density NEP time
(mm?) Method [wavelength] _
(Alcm?) (microseconds)
[bias]
p-i-n
[5] ) 5x 10 2.5 x 1012 2 x
ITO/PTAA:polyTPD/FAMAPbo5Snosl3 1.00 Lithography " 0.19/0.74
IColBCPIAG [-0.5V] [940 nm] 10
60
p-i-n
[6] ) 25%x10° ) 9.5x10 1 5.6 x
ITO/NiO NP/Cs0.15FA0.85Pb Lithography 1.5 x 103 48/35
(50x50 um?) [0V] 10716
(l0.95Bro.017Clo.033)3/PCBM/Bphen/Ag
n-i- 6x10°
7] P _ 25x10°3 Lithography 1.35% 10% - -
ITO/ZnO NP/MAPbI3 /Spiro/Au [0V]
5x 10710
p-i-n .
Lithography/ [0V] 8 x 103 4.3 x
[8] | ITO/PEDOT:PSS/IMAPbIz/PCBM/C60/ 7.25 ) 0.064/0.12
BCP/Al Masking 9x107° [680 nm] 1074
[-1.0 V]
9x10710
-i-n Lithography/ oV 3.6 x
[9] P 44 J _p Y OVl 2.3 x 101 /74
ITO/PTAA/MAPDI3/FBIC/C60/BCP/Cu Masking 1x10°7 10713
[-0.1V]
Lithography/ 6x107°
[10] p-i-n 6 y gk_p Y V] 1.5x 101 - 900/1800
asking




ITO/NiIO/MAPDI3/PCBM/ZNnO

8x10°

NP/BCP/AI [-1.0 V]
-i-n
P _ Lithography/ 3.25x107% | 1.21 x10% 1.2 x
[6] | ITO/PTAA/PVP/Perovskite/PCBM/Ceof 0.1 ) 85.2/79.3
. Masking [0V] [520 nm] 107+
TiN/Cu
p-i-n ; -6 12
Lithography/ 2.6x 10 1.45 x 10 4 x
[11] ITO/PTAA 0.6 , 0.027/0.027
Masking [0V] [650 nm] 107+
/CH3NH3Pbls/IEICO/Cs0/BCP/Cu
p-i-n ; 11
Lithography/ 9x10
[12] ITO/PTAA 4 _ - - 14.2114.2
Masking [0V]
/CH3NH3sPbls/PCBM/BCP/Ag
3 p-1-n is Lithography/ 9x 1071 1.1 x 102 1.9 x so/o1
ITO/PEDOT:PSS/(FASNI3)o.s(MAPbI3)0.4/Ceol : 919,
(FASNIs)os(MAPDI)o4/Coo Masking [0V] [900 nm] 1073
BCP/Ag
p-i-n ; -9 12
Lithography/ 6x 10 9.7x10 2.7 %
[14] | ITO/PTAA/PEIE/CsPbl,Br/PCBM/BCP 0.1 ] 0.020/0.276
Masking [-0.3V] [450 nm] 1074
IAg
n-i-p ) 2x 10712 1.65 x 101
[15] ) 2.5 -/ Masking 2000.0/2000.0
C/TiO2/MAPDI3/Cu0/Cu.0/Cu [0V] [550 nm]
This p-i-n 9.1x10°3 - 49x%x10° 6.72 x 101! 1.42 x
_ Laser scribing 0.047/0.054
work | ITO/NiO/CsCH(NH2)2Pbls/Ceo/BCP/Cu | [70 x 130 um?] [0V] [540 nm] 107+
This p-i-n 0.3 . 6.5 x 10710 4.82 x 102 1.14 x
) Laser scribing 0.098/0.561
work | [TO/NiO/CsCH(NH2)2Pbls/Ceo/BCP/Cu | [520 x 580 um?] [0V] [540 nm] 107+
This p-i-n 4 - 1.4 x 10710 1.81 x 10% 1.10 x
) Laser scribing 2.880/3.693
work | ITO/NiO/CsCH(NH2)2Pbls/Cso/BCP/Cu | [2000 x 2000 um?] [0 V] [540 nm] 107+
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Figure S12 — the evolution of Jaark values after storage in the ambient conditions for PPDs with 70x130

geometry (a); 520x580 geometry and 2000x2000 geometry (c)
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Figure S13 — The evolution of transient photoresponse profiles after 1h of continuous cycling in ON/OFF
regime for 2000x2000 PPD
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Figure S14 — The evolution of transient photoresponse profiles after 1h of continuous cycling in ON/OFF
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