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Figure S1: The enlarged view of XRD diffraction peak (001) of all three solution concentrations.
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Figure S2: Cross-sectional SEM view for ITO/Pbl, of three solution concentration used for the
study (a) 100 mg/ml (b) 200 mg/ml (c) 500 mg/ml.
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Figure S3: Top SEM view of Pbl, thin films morphology of three solution concentration used for

the study (a) 100 mg/ml (b) 200 mg/ml (¢) 500 mg/ml.
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Figure S4: Tauc plot of UV- visible spectra of Pbl, thin film of solution concentration 100 mg/ml.
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Figure S5: I-V characteristics of memristor device recorded for different solution concentrations
(100, 200 and 500 mg/ml).
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Figure S6: Semi-log graph of positive polarity which showing SET and RESET voltage.
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Figure S7: The resistance versus negative polarity voltage graph replotted in logarithmic scale.
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Figure S8: Voltage variation for all the three-solution concentrations (a) 100 mg/ml (b) 200 mg/ml
and (c) 500 mg/ml.
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Figure S9: Variation of current compliance for all the three solution concentrations (a) 100 mg/ml
(b) 200 mg/ml and (¢) 500 mg/ml.
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Figure S10: I-V characteristics for the three solution concentrations (a) 100 mg/ml (b) 200 mg/ml
and (c) 500 mg/ml with varying time delay.
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Figure S11: Retention characteristic of device recorded for >103 seconds to confirm device is
volatile in nature.
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Figure S12: Multiple I-V cycles of 100 mg/ml solution concentration device bent at r = 4 mm,
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Figure S13: Surface potential image of (a) 0OV, (b) +5 V of Pbl, film on ITO/PET
measured by Kelvin probe force microscopy (KPFM) across 5 x 5 um? scan area. (c) and (d)
Current mapping biased at (c) OV and (d) +5V, switching measured using conductive atomic force
microscopy (c-AFM) 5 x 5 um? scan area.
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Formation/rupture of the conducting channels due to redistribution of ions (halide and metal)
within the active layer is an essential mechanism for the resistive switching phenomenon in Pbl,
based memristor devices. (ACS Nano 2016, 10 (5), 5413-5418, Adv. Mater. 2016, 28 (31), 6562-
6567) However, it is difficult to discriminate these mechanisms in a device based solely on the /-
V' characteristics. Microscopic surface mapping of bare Pbl, layer using a tip that does not diffuse
into the Pbl, layer can reveal or rule out the necessity of Ag filamentation and can highlight the
role of space charge accumulation for the switching mechanism. Surface potential (SP) was
measured by Scanning Kelvin probe microscopy (SKPM) across a 5 x5 um? scan area of Pbl, film
surface before voltage biasing (Figure S13a). As seen, SP is uniformly distributed and rises
abruptly across the all-scan areas under the external electric field by applying a positive bias of +5
V on the scanning probe (Figure S13b). After surface biasing SP increases ~400 mV, which
suggests SET process can be triggered by an external electric field even without any top electrode.
Note, Pbl, film has many defects in the form of vacancies (Vpy,, V)), interstitials (Pb;, I;), and anti-
sites (Pby, Ipy). (Energy Environ. Sci. 2015, 8 (7), 2118-2127) Iodine vacancies (V)) in Pbl, film
have lower activation energy between ~0.33 - 0.58 eV compared to Pb (2.31eV) and thus the
diffusion barrier for easier migration. (Adv. Mater. 2017, 29 (29), 1700527, Nat. Comm. 6,
7497 (2015) ) Therefore, the positively charged V| are depleted and negatively charged iodine ions
are readily accumulated at the film surface under the applied positive bias. Thus, this leads to the
SP variation indicating the switching characteristics.

We have further conducted the current mapping of the top surface of Pbl, film using
the conductive mode (Figure S13 c-d). In this case, a positive bias of V =+5V was applied on the
ITO as the bottom electrode while the conducting tip as the top electrode was grounded. The
current mapping of the scan areas at OV bias shows the order of femto-ampere (fA) from Pbl, film
and increased significantly to micro-ampere (LA) after applying a bias of V. =+5V. As shown, the
scanned area becomes conductive with a pA current, which shows the occurrence of the SET
process. The significantly higher current level in the biased scanned area compared to the non-
biased area, confirms that the SET process in Pbl, films can be triggered without any top electrode,
effectively confirming the role of iodine ions in switching mechanism.
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Figure S14: (a) I-V characteristics with copper as top electrode, (b) Log (I) — Log (V) graph
showing fitted slope of conduction mechanism with Ag as top electrode. Devices were prepared
using Pbl, solution concentration as 100 mg/ml
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Figure S15: I a V graph of voltage range (0.08 — 1V) showing Ohmic conduction.

So.0ld
1 51

101 151 201

251

Pulse Number (#)

Normalized Current

10200 s9 10400
Pulse Number (#)

20600

20800 21000
Pulse Number (#)



Figure S16: 20K Potentiation and Depression (P&D) cycles recorded on flat condition using

Non-Identical Method.
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Figure S17: The pre and post synaptic pulses adopted to record all four STDP patterns.

Table S1: The comparison table of MNIST pattern recognition accuracy.

Sr. . No. of Accuracy By
No. Device Structure Epochs (%) simulation Ref.
PET/ITO/PEDOT:PSS/Pbl,/Ag o Our
1 (Bending condition : r =4 mm) 30 93.06% Yes work
2 A1203/T3.205/A1203 100 85% Yes [1]
3 Al/ZnO NPs/CuO NWs/Cu 1000 93% Yes [2]
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4 P3HT base MemTs 500 92.53% Yes [3]

5 TiS3 - TiOx - TiS3 15 90% Yes [4]

6 2D MoS2 based memristor 200 84.70% Yes [5]

7 Pt/Ti3C2/Pt 40 80.60% Yes [6]

8 PCM device 500 82.00% Yes [7]
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