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ABSTRACT: The use of electrical poling to induce polarization
potential has been found to increase the photocurrent (Ilight) in
hybrid perovskite-based devices; however, the origin of this process
has not been fully understood. Here, we study the effect of
electrical poling on the photodetection properties of self-powered
photodetectors (PDs) based on halide perovskites in two different
phase structures (i.e., tetragonal and cubic). Specifically, extensive
investigations are performed on the MAPbI3 (tetragonal) and
MAPb(I0.88Br0.12)3 (cubic) single crystals (SCs). Our character-
ization results revealed that the Ilight has increased by 2-fold during
forward poling and decreased during reverse poling in both PDs.
The improved Ilight is caused by polarization induced ion migration,
which builds remanent potential due to ion accumulation near
metal electrodes. The effect of this polarization was found to be greater in MAPbI3 PD as compared to MAPb(I0.88Br0.12)3 PD, which
influences the interface band bending and reduces Schottky barrier height (SBH). This study highlights that the modification of
SBH, which describes the potential energy barrier for electrons formed at a metal−semiconductor junction, can tune the
photocurrent and response time of PDs.

1. INTRODUCTION
Since the first application of methylammonium lead iodide
(MAPbI3) as a photovoltaic absorber layer in 2009,1 lead
halide perovskites (LHPs) have been largely studied as
semiconducting materials due to their high absorption
coefficients, long carrier diffusion lengths, and high carrier
mobility.2,3 In addition, the ease of fabrication and adjustable
bandgap of LHPs make them great candidates for many
technological applications, including photodetectors,4 single
and multijunction solar cells,5−7 light-emitting diodes,8,9 and
transistors.10 However, low operational stability and polar-
ization phenomenon of perovskite materials affect the charge
transport and recombination during the operation of devices.
These issues mainly stem from mobile ions and vacancies,
which are caused by the loosely bonded crystal structure of
LHPs.11 Moreover, ion migration within perovskite solar cells
(PSCs) under an external electric field can lead to the
photocurrent (Ilight) hysteresis,11,12 slow photoresponses,13,14

photoinduced phase separation,15,16 and low device stability.17

The majority of perovskite-based devices are based on
polycrystalline films, which may suffer severe instabilities due
to morphological disorder at grain boundaries, ion migration,
and surface degradation under ambient conditions.18−20

Recently, extensive efforts have been devoted to developing

LHPs in the form of single crystals (SCs) due to their higher
carrier diffusion length, longer lifetime, and a lower trap state
density than the corresponding polycrystalline counter-
parts.21,22 Moreover, the lack of morphological disorder at
grain boundaries in SCs reduces the recombination pathways
of the excited carriers. Thus, high-quality perovskite SCs-based
devices show huge promise for the next generation of
photodetection such as optical communication, sensing, and
imaging applications.21,23

It is reported that mobile species (ions and vacancies) can
migrate through the crystal structure of LHPs and accumulate
near an electrode under applied bias and/or device
potential.24−27 These accumulated species reduce the effective
electric field and affect the charge extraction and transport
properties within the perovskite devices.24,28 In the majority of
recent studies, a high voltage was applied for poling, which not

Received: May 31, 2022
Revised: July 19, 2022
Published: July 28, 2022

Articlepubs.acs.org/JPCC

© 2022 The Authors. Published by
American Chemical Society

13458
https://doi.org/10.1021/acs.jpcc.2c03735

J. Phys. Chem. C 2022, 126, 13458−13466

D
ow

nl
oa

de
d 

vi
a 

21
2.

18
0.

21
8.

14
1 

on
 M

ar
ch

 1
, 2

02
3 

at
 1

4:
39

:3
4 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Apurba+Mahapatra"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rohit+D.+Chavan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohammad+Mahdi+Tavakoli"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Pawan+Kumar"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Abul+Kalam"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Daniel+Prochowicz"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Daniel+Prochowicz"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Pankaj+Yadav"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.jpcc.2c03735&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.2c03735?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.2c03735?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.2c03735?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.2c03735?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jpcc.2c03735?fig=tgr1&ref=pdf
https://pubs.acs.org/toc/jpccck/126/31?ref=pdf
https://pubs.acs.org/toc/jpccck/126/31?ref=pdf
https://pubs.acs.org/toc/jpccck/126/31?ref=pdf
https://pubs.acs.org/toc/jpccck/126/31?ref=pdf
pubs.acs.org/JPCC?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.jpcc.2c03735?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/JPCC?ref=pdf
https://pubs.acs.org/JPCC?ref=pdf
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://acsopenscience.org/open-access/licensing-options/


only induces ion migration inside the perovskite device but
also triggers the degradation of the perovskite layer.25,29,30 For
example, Leijtens et al. used a high electric field (>60 V) to
polarize the perovskite film and demonstrated its structural
degradation.24 Notably, electrical poling has been performed
primarily on PSCs due to their big success in improving power
conversion efficiency31 with much larger open-circuit voltage32

and less photocurrent (Ilight) hysteresis.
29 Moreover, PSCs and

most perovskite-based photodetectors (PDs) contain carrier
transport layers that predetermine the direction of photo-
excitons. To expand the application of poling on LHP based
devices, it is vital to understand the effect of electrical poling
and poling-induced ion migration on the electronic properties
of perovskites-based devices without any additional layer. In
this context, perovskite-based PDs with planar architecture is
an ideal device to study the poling effect due to their simple
structure, containing only the absorber material and metal
electrodes as electrical contacts. Moreover, planar PDs can
form a Schottky junction between the perovskite semi-
conductor and metal electrodes.33,34 The performance of
these PDs mainly depends on the quality of thin films or
SCs22,34 and the Schottky barrier height (ΦSB, SBH) between
the metal and semiconductor,35,36 which describes the energy
barrier for the charge carriers to pass through the contact. For
example, Nea et al. applied the strain to create a piezoelectric
potential on the MAPbI3 thin film-based PDs and changed the
SBH, which affects the Ilight.

37 In another work, Lan et al. used
electrical poling to promote the polarization potential of
MAPbBr3 based PDs, which enhanced the Ilight and improved
the response time.13 The redistribution of mobile ions (ion
migration) under external bias can create n-type and p-type
regions at grain boundaries and/or the metal/semiconductor
interface leading to the formation of an internal electric field
and change in the SBH. A recent study by Lin et al. revealed
that there is a different order of ion migration and MA+ dipole
rotation in MAPbX3 (X = I, Br, Cl), which depends on the
activation energy and lattice structure.38 However, the
systematic understanding of the poling-induced ion migration
in single crystalline perovskite-based PDs is still lacking.
In this work, we study the effect of external electrical poling

on the photodetection properties of SC PDs based on MAPbI3
(tetragonal) and MAPb(I0.88Br0.12)3 (cubic) perovskite com-
positions. First, we investigate the electric-field-induced ion
migration using time-dependent dark current under variable
biases. We found that MAPb(I0.88Br0.12)3 SCs require a higher
time to achieve saturation current under applied biases than
MAPbI3 SCs due to their slower ion migration process. Next,

we induced polarization inside the SC PDs under dark
conditions using a continuous and stepwise external electric
bias. These experiments showed that the external field
accumulates mobile ions near the electrode forming a
remanent field, which affects the photodetectivity of the PDs.
To further understand the effect of positive and negative
electrical poling, we also studied the photoresponses of our
PDs under ±0.5 V operating voltage and after electric poling
with ±5 V stepwise external electric bias. The change in
photocurrent of both SC-based PDs, caused by the ion
accumulation, modifies the SBH between the metal electrodes
and perovskite SC surface. As a result, our PDs showed tunable
photocurrent and response time depending on the direction of
the applied electric field.

2. EXPERIMENTAL SECTION
Synthesis and Characterization of MAPbI3 and

MAPb(I0.88Br0.12)3 SCs. MAPbI3 and MAPb(I0.88Br0.12)3 SCs
used in this study were synthesized using the inverse
temperature crystallization (ITC) method. A 1 M MAPbI3
solution and a 1 M MAPb(I0.88Br0.12)3 solution were prepared
by adjusting the portion of lead(II) iodide (PbI2), lead(II)
bromide (PbBr2), and methylammonium iodide (MAI) in
gamma-butyrolactone (GBL). The mixtures were stirred for 24
h at 60 °C. Next, all the solutions were filtered using a 0.24 μm
PTFE filter. A 2mL aliquot of each filtered transparent solution
was sealed in bottles and kept at 110 °C for 4 h in an oil bath,
which resulted in the growth of large SCs. The crystals were
washed with acetone 2−3 times and then dried at 100 °C for
20 min. Both the SCs were ground, and powder X-ray
diffraction (pXRD) patterns were recorded with a Rigaku
Ultima IV with Cu Kα radiation (λ= 1.5406 Å) over a 2θ range
of 10° to 50° without rotating the sample at room temperature.
To perform time-dependent EIS measurements characteristics,
thin layers of silver (Acheson Silver. Product no: G 3692) were
deposited on both sides of MAPbI3 SC. Time-dependent EIS
measurements were performed using a potentiostat Autolab
(Metrohm Autolab) equipped with a frequency response
analyzer.
Fabrication and Characterization of Photodetectors.

Platinum (Pt) electrodes were deposited by thermal
evaporation on the (100) facets of the SCs with a channel of
500 μm length by 2 mm width. The schematic diagram of the
PDs is shown in Figure S2. The photocurrents of the both PDs
were studied using a potentiostat Autolab (Metrohm Autolab)
and an LCR meter with a white LED light source in the open

Figure 1. Time-dependent dark current at different voltages ranging from 0.5 to 10 V for (a) MAPbI3 and (b) MAPb(I0.88Br0.12)3 SC-based PDs.
(c) Time taken for achieving steady-state current as a function of applied bias for both SC-based PDs.
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air. For polarization of both the PDs, potentiostat Autolab
(Metrohm Autolab) with a modified program was used.

3. RESULTS AND DISCUSSION
3.1. Time-Dependent Dark Current. While MAPbI3

perovskite exhibits a tetragonal crystal structure, the mixed
halide perovskite alloy with the minimum 12% Br content, that
is, MAPb(I0.88Br0.12)3 has a cubic structure at room temper-
ature.34 Thus, these compounds were selected to act as a
convenient platform for studying the effect of external electrical
poling on the photodetection properties of SC PDs depending
on the perovskite phase structure (i.e., tetragonal and cubic).
Both compounds in the form of SCs were synthesized using
the inverse temperature crystallization (ITC) method, and
their pure phase formation was confirmed by X-ray diffraction
(XRD) (Figure S1). Figure S2 shows the Pt−SC−Pt lateral
electrode configuration structure, which was used in this study
(for details of crystal growth and device fabrication see
Experimental Section). First, we measure the time-dependent
dark current under a variable potential difference to investigate
the charge dynamics in our PDs. Figure 1 panels a and b show
the time-dependent dark current at a voltage ranging from 0.5
to 10 V for the MAPbI3 and MAPb(I0.88Br0.12)3 SC based PDs,
respectively. Both PDs show a lower current at the starting
time, which increases exponentially with the time and reaches
saturation at a higher value of time. At the beginning,
electronic conductivity dominates under an applied potential
due to fast response of electrons and holes.38 Our previous
studies on the perovskite SCs demonstrated that ions need a
higher time to migrate than electrons and it can vary under
various applied voltages.39,40 Therefore, ion migration under an
applied electric field dominates the dark current, and its

contribution increases at the higher time region.38 The dark
currents as a function of applied potential at different times for
both PDs are summarized in Figure S3. It can be observed that
the current at the ending time (300 s) is significantly larger
than that at the starting time (0 s) due to the contribution of
mobile ions movement to the current, which significantly
increases with time and intensifies under a higher applied bias.
The difference between starting current (0 s (I0)) and
saturated current (Is) for the MAPbI3 SC is higher than that
found in the MAPb(I0.88Br0.12)3 SC (Figure S3a,b) indicating a
higher contribution of ion migration to the current in MAPbI3
SC based PD. Recently, we reported that the phase transition
from tetragonal to cubic (pm3̅m) phase can occur when 12%
Br is introduced into the crystal structure of MAPbI3.

34 This
phase transition also leads to the reduction in lattice constant,
lower trap density, higher activation energy, and higher carrier
mobility. Due to a higher activation energy for the ion
migration, we can expect a lower current difference between
starting (0 s) and saturated currents under the external bias in
the MAPb(I0.88Br0.12)3 SC. Figure 1c compares the time to
reach steady-state as a function of applied bias for both
samples. As seen, the MAPb(I0.88Br0.12)3 SC takes a higher time
to saturate the current for every applied bias indicating its
slower ion migration, which restricts the cation dynamic and
movement of mobile ions.
3.2. Polarization Induced Remanent Current. Recent

studies demonstrated that there is a strong effect of
polarization on the photodetection of LHP-based PDs.13,34,37

Moreover, Liu et al. revealed the existence of a remanent field
inside LHPs due to the bias-induced ion accumulation, which
was produced by a pulsed stepwise electric wave.41 In this part,
we used a constant electric field and pulsed stepwise electric

Figure 2. (a,b) Voltage−time (V−t) curves of the applied pulsed stepwise bias to induce remanent field for MAPbI3 SC based PD. (c) Remanent
negative current produced by +5 V pulsed stepwise bias and constant bias for MAPbI3 SC based PD. (d) Remanent positive current produced by
−5 V pulsed stepwise bias and constant bias for MAPbI3 SC based PD.
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wave to find a fast and effective way to create higher
polarization inside the SC-based PDs. Specifically, a ±5 V
constant bias for 200 s and pulsed stepwise bias with 20-s pulse
duration (total 200 s) were applied on the MAPbI3 SC-based
PD to create a remanent field (Figure 2a,b). A low electric field
was used to create polarization due to the prone of LHPs to
degrade under high electric fields.24 We observed that the I−t
curve under dark after +5 V constant bias and pulsed stepwise
bias does not reach 0 A (Figure 2c). Thus, the negative off-field
dark current after polarization by both applied methods
suggests accumulation of the opposite mobile ions nearby the
electrode. A higher remanent negative current is generated
after pulsed stepwise bias than that of constant bias. This
indicates a higher degree of mobile ion accumulation nearby
the electrode interface. A similar effect is also recorded for −5
V constant bias and pulsed stepwise bias on the MAPbI3 SC-
based PDs. But the order of remanent current after
polarization is less than that of remanent current after +5 V
bias (Figure 2d). A similar effect of polarization is also
observed for the MAPb(I0.88Br0.12)3 SC-based PD, as shown in
Figure S4. The reason for the observed difference in remanent
currents will be discussed in the next section.
To get better understanding of the remanent field, induced

by polarization, we performed time dependent electrochemical
impedance spectroscopy (EIS). We did EIS measurements as a
function of time in the frequency range from 1 MHz to 100
mHz at an AC perturbation voltage of 25 mV and under dark
conditions. Figure S5 shows the EIS Nyquist spectra of the
MAPbI3 SC before and after polarization. It is well-established
that the low frequency region of impedance is attributed to the

ion motion/ionic polarization, while the high-frequency part of
the impedance response relates to the electronic bulk
conductivity.26,39,40,42 We observed that the resistance related
to the high-frequency part of the impedance increases after the
polarization and decreases with time due to the ion
redistribution. This behavior can be attributed to the change
of electronic doping of the perovskite bulk by the dynamic
mobile ions. The drift of cation vacancies fill the space or
defects, makes material more intrinsic-like, and increases the
resistance related to the high-frequency part.26,42 Here, such
change of the high-frequency part of the impedance due to
polarization is not observed. Instead, we observe a change in
the low frequency region of impedance after polarization,
which is almost constant up to 6 h. Therefore, the change in
the impedance after polarization comes from the redistribution
and accumulation of ions, which creates the remanent field.
The low frequency impedance changes rapidly with time after
15 h of polarization and almost back to the initial level after 24
h. Therefore, the effect of polarization is reduced with
increasing the time and is almost automatically removed
after 24 h of polarization.
3.3. Effect of Polarization in Self-Powered Conditions

on PDs. In case of the planar PD, an external electric bias is
usually used to enhance the photocurrent (Ilight) and the
direction of the Ilight can be tuned by changing the direction of
the applied bias.13 Before the poling process, the photocurrent
of MAPbI3 and MAPb(I0.88Br0.12)3 SC-based PDs under
different light intensities was investigated using a white LED
at 1 V operating voltage (Figure S6). The photocurrents of
both PDs displayed a good linear dependency with the

Figure 3. Current−time (I−t) characteristics of (a) MAPbI3 and (b) MAPb(I0.88Br0.12)3 SC-based self-powered PDs before and after −5 V constant
bias as well as under a pulsed stepwise bias (up to −5 V). Current−time (I−t) characteristics of (c) MAPbI3 and (d) MAPb(I0.88Br0.12)3 SCs based
self-powered PDs before and after +5 V constant bias as well as under a pulsed stepwise bias (up to −5 V).
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incident light intensity. The Ilight increases with increasing the
light intensity due to the increment of photoexcited carriers.
The MAPb(I0.88Br0.12)3 PD shows higher Ilight due to their
lower trap density and higher carrier mobility than MAPbI3
SCs, which was observed in our recent study.34 The dark
currents of the MAPbI3 and MAPb(I0.88Br0.12)3 SC-based PDs
are shown in Figure S7. We observed an asymmetric dark
current response for both MAPbI3 (0.9 μA at 3 V and −1.09
μA at −3 V) and MAPb(I0.88Br0.12)3 (1.11 μA at 3 V and −1.28
μA at −3 V) based PDs. Moreover, the photocurrents of both
PDs at 10 mW/cm2 white light illumination increases with
increasing applied bias due to more efficient charge extraction
under a higher bias as shown in Figure S8a,b. Notably, the Ilight
generated under positive +3 V applied bias was found to be
lower than that generated with the −3 V negative bias for both
PDs. These asymmetric results (asymmetric dark current and
photocurrents) indicate the formation of an asymmetric
Schottky junction between the SC surface and metal contact
(Pt). Despite the symmetrical electrode structure on the SCs,
our recent study showed that the lateral structured MAPbI3
and MAPb(IxBr1−x)3 SC-based PDs show self-photodetectivity
due to the asymmetric morphology of the crystal surface,
which produced an asymmetric Schottky barrier height (SBH)
between the two electrodes.13,34

To investigate the effect of polarization-induced ion
migration on two differently oriented crystal structures, the
electrical poling on the tetragonal MAPbI3 and cubic
MAPb(I0.88Br0.12)3 SC-based PDs was scrutinized. In the case
of self-powered PDs, the sign of Ilight (positive or negative)
depends on the electrical connection with the instrument due
to the asymmetric Schottky junction. A small positive Ilight of
both PDs is recorded before poling under 10 mW cm−2 white
light. Next, our PDs were polarized under both constant ±5 V
external biases for 200 s and pulsed stepwise bias in the dark.
The current−time (I−t) characteristics of both SC-based PDs
before and after polarization are shown in Figure 3. The Ilight of
both PDs decreases after poling by positive bias (polarization
by +5 V continuous and stepwise bias) and increases after
poling by negative bias (polarization by −5 V continuous and
stepwise bias) (Table 1). As seen in Figure 3a, the Ilight

increases from 39.6 nA to 51 nA (28.8%) and to 54.1 nA
(36.6%) after continuous and stepwise polarization by −5 V,
respectively. In turn, the Ilight for MAPb(I0.88Br0.12)3 PDs
enhances from 57.8 nA to 68.3 nA (18.1%) and 71.1 nA
(23%), respectively, under the same poling condition (Figure
3b). The further increased poling voltage up to 10 V shows a
limited effect on the Ilight of the MAPbI3 SC based PDs (Figure
S9). We note that the use of polarization voltage higher than
10 V can lead to the degradation of the PDs.13 The Ilight of

MAPbI3 and MAPb(I0.88Br0.12)3 SC-based PDs decreases after
+5 V continuous and stepwise polarization by −5 V as shown
in Figure 3 panels c and d, respectively. The effect of
polarization is greater in the MAPbI3 PD than that of the
MAPb(I0.88Br0.12)3 PD due to its higher susceptibility to the
ion migration, leading to ion accumulation near the metal
electrodes. The above results confirm that electric poling could
significantly affect the self-powered photodetection of the SC-
based PDs.
3.4. Effect of Polarization under Operating Voltage.

To further study the effect of forward and reverse poling on the
PDs, we performed similar measurements under ±0.5 V
operating voltages. The operating voltage plays a positive role
in the efficient charge extraction leading to a higher Ilight. In the
case of the MAPbI3 SC-based PD, the Ilight enhances from 1.39
μA to 2.83 μA (103.6%) after forward poling (i.e., poling
electric field direction and operating voltage (+0.5 V) have the
same direction) and to 2.99 μA (115.1%) using +5 V
continuous and stepwise polarization (Figure 4a). In turn,
the Ilight of MAPb(I0.88Br0.12)3 SC-based PD increases from
1.87 μA to 3.45 μA (84.5%) and 3.67 μA (96.3%) under
similar conditions (Figure 4b). This is in contrast to the self-
powered photodetection results shown in Figure 3c,d, where
Ilight decreases under a positive polarization field (polarization
by +5 V). The Ilight of both PDs enhances by the forward
poling when the direction of the external bias for poling and
operating voltage were both reversed (i.e., −0.5 V operating
voltage and −5 V for poling), as shown in Figure 4c,d. This
similar behavior was observed under self-power PD conditions
(Figure 3a,b). The order of change in Ilight after polarization is
much larger under operating voltage than that under self-
powered PD conditions. Recently, Lan et al., demonstrated
that the reverse poling (i.e., the electric field direction for
poling and operating voltage have opposite direction)
decreases the photocurrent of hybrid perovskite PDs.13 To
check the effect of reverse poling on our PDs, we applied +5 V
continuous +5 V stepwise polarization and measured the
photocurrent under −0.5 V operating voltage (Figure S8,
Figure 4e,f). As expected the Ilight decreases after applying
reverse poling for both samples. All results are summarized in
Table 2. The reason behind different enhanced abilities of Ilight
under negative and positive poling biases under forward poling
conditions may be attributed to the screening effect of free
carriers.43,44 It is also interesting to note that poling also affects
the response time of the PDs. As shown in Table 2, the
response times (especially rise time (on time)) were
significantly reduced after poling. The SBH is adjusted by
polarization-induced remanent potential, which causes inter-
face band bending. As a result, photogenerated carriers
separated easily due to the better band alignment between
SCs and the electrode (Pt). The detailed SBH evolution is
discussed in the next part.
On the basis of above results, the change in photocurrent

and response time of PDs could be primarily triggered by
polarization induced ion migration, which leads to ion
accumulation nearby the metal electrodes. In addition, there
is a possibility of ferroelectric domain,45−47 which may also
contribute to the changes of Ilight under the applied electric
poling. The formation of a ferroelectric domain was found to
suppress the radiative electron−hole recombination because
the spontaneous polarization of ferroelectric domains helps the
separation of opposite charges.47 It was reported that the
MAPbI3 with a tetragonal crystal structure shows ferroelec-

Table 1. Photocurrents of Self-Powered PDs (before and
after Polarization)

photocurrents (Ilight)

polarization MAPbI3 MAPb(I0.88Br0.12)3
before polarization 39.6 nA 57.8 nA
after −5 V constant bias 51 nA (28.8%) (↑) 68.3 nA (18.1%) (↑)
up to −5 V pulsed
stepwise bias

54.1 nA (36.6%) (↑) 71.1 nA (23%) (↑)

after +5 V constant bias 31.5 nA (20.4%) (↓) 52.7 nA (8.8%) (↓)
up to +5 V pulsed
stepwise bias

30.2 nA (23.7%) (↓) 50.4 nA (12.8%) (↓)
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Figure 4. Current−time (I−t) characteristics of (a,c) MAPbI3 and (b,d) MAPb(I0.88Br0.12)3 SC-based PDs before and after forward poling.
Current−time (I−t) characteristics of (e) MAPbI3 and (f) MAPb(I0.88Br0.12)3 SC-based PDs before and after reverse poling.

Table 2. Photocurrents and On/Off Time of PDs under Different Polarization Conditions

MAPbI3 MAPb(I0.88Br0.12)3

polarization bias photocurrents on/off time (ms) photocurrents on/off time (ms)

Operating Voltage = +0.5 V
before polarization 1.39 μA 73/56 1.87 μA 63/52
after +5 V constant bias 2.83 μA (103.6%) (↑) 69/42 3.45 μA (84.5%) (↑) 58/35
up to +5 V pulsed stepwise bias 2.99 μA (115.1%) (↑) 69/40 3.67 μA (96.3%) (↑) 55/32

Operating Voltage = −0.5 V
before polarization 1.75 μA 75/59 2.51 μA 68/51
after −5 V constant bias 2.47 μA (41.1%) (↑) 70/48 3.05 μA (21.5%) (↑) 63/42
up to −5 V pulsed stepwise bias 2.57 μA (46.9%) (↑) 71/49 3.21 μA (27.9%) (↑) 64/41
after +5 V constant bias 0.37 μA (73.5%) (↓) 78/58 0.65 μA (65.2%) (↓) 68/55
up to +5 V pulsed stepwise bias 0.35 μA (74.8%) (↓) 79/58 0.61 μA (67.4%) (↓) 68/55
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tricity under polarization.45 But in the case of single crystalline
MAPbI3, ferroelectricity behavior can be detected only under
high voltage (>50 V).48 On the other hand, the MAPb-
(I0.88Br0.12)3 perovskite exhibits cubic structure at room
temperature, which does not meet the criteria of crystal
structure for ferroelectricity.49 As a result, we ignore the
contribution of ferroelectricity to the changes in Ilight for both
PDs. Therefore, only ion accumulation might influence the
interface band bending in the presence of light and help
achieve a higher electrical output. Different poling effects on
the photocurrent of both PDs can be discussed by the
evolution of Schottky barrier height (SBH) between the Pt
electrode and perovskite SC, and the presence of a remanent
field. Figure 5a illustrates the photocurrent modulation in the
perovskite SC-based PDs under self-powered conditions
(operating voltage 0 V). There is a difference between the
Fermi level between two metal electrodes (marked as Pt (a)
(source) and Pt (b) (drain)) due to asymmetric morphology
of the crystal surface, which produces asymmetric SBH
between Pt (a) and Pt (b) electrodes. Under illumination,
photogenerated electrons move to Pt (a) and holes move to Pt
(b) electrodes producing photocurrent. The photocurrent
strongly depends on the effective separation transport of both
electrons and holes, which depends on the SBH and crystal
quality. We note that MAPb(I0.88Br0.12)3 SC has lower trap
density and higher bandgap than MAPbI3 SC. This leads to a
better SBH alignment and higher Ilight. Specifically, we
observed that the Ilight of both PDs enhances after −5 V
polarization. During this poling, the cations (i.e., MA+ and
Pb2+) move along the direction of applied bias (toward Pt (a)),
while the anions (i.e., I− and Br−) migrate toward Pt (b). As
clearly shown in Figure 2, the charge accumulation still exists
after removing the electric field, forming a remanent field. Such
polarization-induced remanent potential modulates the Ilight of
PDs by modifying the SBH. The positive remanent potential
on the source (Pt (a)) side due to accumulation of cations

decreased the SBH (Φ2a < Φa), as shown in Figure 5b. This
effect could increase the electron injection into the SCs,
leading to a higher Ilight. Conversely, the Ilight of both PDs
suppressed after +5 V polarization due to the negative
remanent potential on the source (Pt (a)) formed by anions
accumulation. This effect increases the SBH (Φa < Φ3a) and
repels the electrons near the Pt-SC interface (Figure 5c). The
higher order of ion migration in the MAPbI3 than MAPb-
(I0.88Br0.12)3 SCs leads to higher polarization induced remanent
potential. Therefore, the Ilight of MAPbI3 SC-based PDs is
highly affected by polarization. In addition, when the PD is
under operating voltage, the Fermi levels of perovskite and the
Pt electrode are shifted, as seen in Figure 5d. During the
forward poling, the cations in the SC move along the
polarization field direction and accumulate near the source.
This process decreases the SBH (Φ5a < Φ4a) and increases the
electron injection into the SCs leading to a higher Ilight (Figure
5e). On the other hand, SBH increases under reverse
polarization due to anions accumulation near the source,
thereby causing Ilight losses (Figure 5f).

4. CONCLUSIONS
In summary, the effect of polarization on the photodetection
properties of SC-based PDs based on MAPbI3 and MAPb-
(I0.88Br0.12)3 perovskites has been investigated through system-
atic experiments. Under dark conditions, the current
significantly increases with increasing time and saturates at a
higher value of time due to the slow response of mobile ions
inside the SCs. The PD based on MAPb(I0.88Br0.12)3 SC takes a
higher time to saturate the dark current and lowers the
difference between I0 and Is for every applied bias other than
the MAPbI3 SC. It was attributed to the reduced size of the
unit cell and higher activation energy of the MAPb(I0.88Br0.12)3
SC (cubic) than the MAPbI3 SC (tetragonal), which slow
down the cation dynamic and movement of mobile ions.
Moreover, the presence of remanent current in both PDs after

Figure 5. Proposed mechanism to discuss the change in photocurrent of PDs under electrical poling. Schematic illustration of band diagrams of
self-powered PD during the photocurrent measurement: (a) before polarization and after polarization by (b) −5 V and (c) + 5 V. (d) Schematic
illustration of band diagrams of PD during the photocurrent measurement under external operating voltage. The energy band and ions’
redistribution in PD after (e) forward and (f) the reverse poling.
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polarization confirms the accumulation of the opposite mobile
ions nearby the electrode. The polarization-induced impedance
behavior of the MAPbI3 SC denied the possibility of change in
electronic doping by the dynamic mobile ions. By capitalizing
of the poling-induced ion accumulation on the photo-
detectivity of both PDs, we found that the change of Ilight is
greater in the MAPbI3 than MAPb(I0.88Br0.12)3 SC-based PDs
due to the higher ion accumulation in MAPbI3 SC nearby
metal electrodes. Our results also showed that the poling-
induced remanent potential in the area of Schottky junctions
can modify the interface band bending and control the electron
injection into the SCs. As a result, adjustable SBH leads to a
tunable Ilight in the investigated SC-based PDs. Understanding
the relationship between perovskite crystal structure and
polarization-induced ion migration on the photodetection
properties in SC-based PDs will help to further optimize the
performance of perovskite-based optoelectronic devices.
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