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Figure S1: Top-view FESEM image and AFM image of the CH3NH3PbBr3 film.
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Figure S2: X-ray diffraction pattern of the CH3NH3PbBr3 film.
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Figure S3: Photographs of the S-S and L-E devices. Electrochemical cell was fabricated by

placing a PDMS stamp with a hole to hold the electrolyte during the measurement.
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Figure S4: Bode plots of the perovskite-based device in solid-state (S-S) (a, b) geometry and
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liquid-electrolyte (L-E) (c, d) geometry.
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Table S1: EEC fitting parameters for LE devices

Applied

\Voltage (V) [0 0.2 0.4 0.6 0.8 1
Chi-Sqgr 0.000529 (0.000413 |0.00064 10.000776 [0.00055 [0.0001
Sum-Sqr 0.10629 [0.083031 |0.12871 [0.156 0.11063 10.020178
R1(+) 2.74E-07 |2.74E-07 [2.74E-07 [2.74E-07 |2.74E-07 [2.74E-07
R2(+) 683.1 578 624.4 738.4 631.7 778.4

CPE1-T(+) 2.36E-11 [2.45E-11 [2.19E-11 [2.56E-09 [2.28E-09 |1.68E-11

CPE1-P(X) 1 1 1 0.7 0.7 1

R3(+) 1006 1078 2237 6738 5612 10091

CPE2-T(+) 1.22E-05 [1.39E-05 |1.03E-05 [6.81E-06 |7.00E-06 (3.30E-06

CPE2-P(X) [0.7 0.7 0.7 0.7 0.7 0.7
R4(+) 282.1  [2832 Jam 8043  [1082 1828
R5(+) 4.34E+06 [5.12E+06 [2.01E+06 [8.36E+05 [4.10E+05 [3.41E+05

CPE4-T(+) 3.22E-06 [2.56E-06 |2.37E-06 [1.98E-06 |1.64E-06 [1.30E-06

CPE4-P(+) 0.84808 [0.86431 [0.85615 [0.84661 [0.83661 [0.69688

CPE3-T(+) 1.15E-06 |(1.32E-06 |1.48E-06 (1.37E-06 |1.50E-06 [1.21E-06

CPE3-P(+) 0.76531 [0.75927 [0.7368 [0.74103 [0.7134  |0.68456
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Table S2: EEC fitting parameters for SS devices

Applied 0.0 0.2 0.4 0.6 0.8 1.0
Bias

V)

Rs (Q) [29.97 27.59 26.92 24.38 21.78 22.18
R1 (©2) [95.59 110.2 128.4 162.6 222 227
R2 (Q) |10266 43564

R3 (Q2) [86724 11283 20879 9806 6759 6160
R4 (©Q2) 144703 5781 3893 787.9 1544 2359
CPE1-T [2.13E-8 | 2.78E-08 3.52E- 5.52E- 5.12E- 2.30E-
(F) 08 08 08 08
CPE1-P [0.90 0.88 0.86 0.82 0.83 0.90
CPE2-T [7.2E-8 3.38E-08

(F)

CPE2-P |1 0.91

CPE3-T [6.5E-8 1.50E-06 3.58E- 3.12E- 3.01E- 1.73E-
(F) 08 08 08 08
CPE3-P 10.86 0.73 0.89 0.90 0.89 0.90
CPE4-T |1.4E-6 7.79E- 4.63E-
(F) 05 05
CPE4-P |.80 0.70 0.70

L (H) 2894 1748 312.1
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Figure S5. EIS Nyquist experimental data with corresponding fitting of S-S devices at

different applied bias.

S8



400k " 1 " ] . 1 " I " 1
ov

02v l.-EE

]
L]
1
v

300k -

200k +

-Z" (ohm)

100k -

v | i 1 i | i ] i |
0.0 50.0k 100.0k 1500k  200.0k 250.0k
Z' (ohm)

Figure S6. EIS Nyquist experimental data with corresponding fitting of L-E devices at

different applied bias.
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Dielectric properties and ionic conductivity

The dielectric properties of the hybrid perovskite devices (S-S, L-E) can be defined in terms

of the complex permittivity e(w).>®

£(w) = &'(w) —je"(w) (1)

Where, &' (w) is the real part of the complex permittivity and " (w) is the imaginary part of
the complex permittivity represents the energy loss which can be expressed from the

impedance spectra using the following relations:

i

€ (w) = O)CO(ZIZ _I_ZIIZ) (2)
7'

e"(w) = (3)

wCo(Z'? +2"?)

Where, Cy(= €,A/d) is the vacuum capacitance, &, is the free space permittivity, A is the
area of the device/electrode and d is the thickness of perovskite film in both S-S and L-E

devices.

To elucidate the ion migration in S-S and L-E devices, we have calculated the ionic

conductivities by the Jonscher power law (JPL), according to following equation
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— — n
Otot. = Odc + Ogc = Opele + Aionw (7)

Where, the frequency-independent first term is electronic dc conductivity (cere) arising owing
to the electronic contribution in mixed electronic-ionic semiconductors. However, the last
term is the ionic conductivity (0,0, = Ajpnw™). In case of perovskite devices, the ionic

conductivity can be calculated from Jonscher’s law via equation g, = £,€" w.
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Figure S7: Mott—Schottky plot of the S-S device under dark.
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Figure S8: Mott—Schottky plot of the L-E device under dark.
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