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Abstract : In this review, recent researches on ion transport phenomena in organic metal halide
perovskite materials, which have been popular all over the world, are summarized. Although
different results have been reported depending on the perovskite material composition and
applied voltage, iodide seems to migrate under actual solar cell operating conditions, and occa-
sionally methylammonium migration is observed. Perovskite is a so-called mixed conductor in
which electrons and ions move simultaneously at room temperature, which greatly influences
the hysteresis of the perovskite solar cell current-voltage curve and the performance degradation
due to long-term operation.
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Fig. 1. a) DC polarization curve for a C[MAPbDI;|C cell
measured at 30°C in Ar flow by applying a current of
2nA. b) Voltage versus square root of time up to
104 seconds. c¢) Semi-log plot of voltage versus time at
longer time scale. d) Equivalent circuit mimicking the DC
polarization (R.,: electronic resistance, R;,, ionic
resistance, C% chemical capacitance). The equivalent
circuit fails in describing the behavior. Here the general
transmission line circuit has to be used. [from Ref. 19]
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Fig. 2. a,b, Schematics of ion drift in perovskite during positive and negative poling, respectively, showing that
accumulated ions in the perovskite near the electrodes induced p- and n-doping. photocurrent hysterisis curves (c) of the
devices under continuous current sweeping at a rate of 0.14Vs™ between -2.5V and 2.5V. The arrows in the figures show
the scanning direction. [Ref. 20]
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Fig. 3. a) Schematic illustration of the PTIR measurement. b) A representative absorption spectrum obtained at the
center of the device. c, e, g) Topography maps (80 pm x 80 um) of the MAPbDI 3 fi Im of the same sample area before (c),
after 100 s (e) and after 200 s (g) electrical poling, respectively. The poling fi eld was 1.6 V um™ . d, f, h) Corresponding
PTIR images for the CH3 asymmetric deformation absorption of the methylammonium ion (1468 cm™ ) obtained before
(d), after 100 s (f) and after 200 s (h) electrical poling, respectively. i) Line-averaged profi le (perovskite region only) of
256 vertical lines in the PTIR images before and after electrical poling, showing the redistribution of the MA + ions. The
error bar represents the uncertainty of the background level when comparing data from different scans. All scale bars
are 20 um.[from Ref. 21]
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Fig. 4. Evidence for ion migration accelerated degradation in degraded devices after S h AM 1.5G continuous light
illumination: (a) degraded MAPbDI3 devices, (b) degraded FAPbI3 devices. Here the TOF-SIMS profiles show the
elemental distribution across the devices from the cathode (Ag) to the anode (FTO). (c-f) Reconstructed elemental
3Dmaps for the elements Ag (c and e) and I (d and f) from the TOF-SIMS depth profiles in (a and b). [from Ref. 24]
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Fig. 5. (a,b) Counts versus sputtering time for different ions in the Au/HSL/perovskite/TiO,/FTO architecture in (a) fresh
cells and (b) degraded devices with over 60% efficiency loss. (¢) Schematic of the electric field distribution in perovskite
solar cells and the corresponding direction of ion migration. [from Ref. 26]
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