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ABSTRACT: Lead-free  perovskites  are  promising  for  photodetector
applications  due  to  their  excellent  optoelectronic  properties  and  low
toxicity.  However,  the performance of  perovskite-based photodetectors
is  often  limited  by  defects  in  the  films,  leading  to  non-radiative
recombination and reducing carrier mobility. In this work, we report the
significant  performance  enhancement  of  CsBi3I10  perovskite
photodetectors  through  Mn  doping.  Mn-doped  CsBi3I10  films  were
prepared  in  an  air  environment,  which  still  shows  good  stability.
Structural and photoelectronic characterizations confirm that Mn doping
effectively passivates defects, suppresses non-radiative recombination,
and reduces the dark current. Furthermore, this doping strategy leads to
a  remarkably  weak  light  detection  feature  and  high  reproducibility
of the photodetectors. The optimized device achieves a responsivity of
1.11  A/W,  a  specific  detectivity  of  1.62  ×  1012  Jones,  a  fast  response
time  of  4.53  (rise)  and  1.47  μs  (decay)  under  650  nm  illumination.
Considering  its  special  response  spectrum  and  fast  response  under  low-light  conditions,  a  blood  oxygen  saturation
monitoring system was successfully built on the Mn-doped CsBi3I10 perovskite, achieving high sensitivity. This work not only
demonstrates  an  effective  doping  strategy  for  improving  the  performance of  lead-free  perovskite  photodetectors  but  also
highlights their potential as low-toxicity candidates for wearable health monitoring.
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 1    Introduction
High-performance  photodetectors  play  an  indispensable  role  in
numerous optoelectronic applications in both civilian and military
fields,  such  as  biomedical  imaging  and  optical  communication
[1−3].  Commercial  semiconductors  have  achieved  good  detection
performance.  At  present,  demands  have  been  put  forward  for  the
performance  of  high-performance  detectors.  A  new  generation  of
high-performance photodetectors needs to be developed. In recent
years,  lead halide perovskites  have stood out due to their  excellent
semiconductor  properties,  including  high  light  absorption
coefficient,  long  carrier  diffusion  length,  and  easily  adjustable
bandgap. Lead halide perovskites have made significant progress in
the  field  of  optoelectronics  [4, 5].  However,  the  toxicity  and

instability of Pb remain the main obstacle to the commercialization
of perovskites. Therefore, finding alternatives to Pb is indispensable.
Although Sn-based perovskite has a small bandgap and can achieve
a rapid response up to 373 ns [6], Sn2+ is easily oxidized to Sn4+ in air
[7].  Bi  and  Pb  are  in  the  same  period,  have  similar  radii,  and  Bi-
based  perovskites  have  excellent  environmental  stability,  making
them  an  excellent  substitute.  Liu  et  al.  used  Cs2AgBiBr6 single
crystal  doped  with  Fe2+ for  near-infrared  response  (1350  nm)  [8].
Hao  et  al.  proposed  a  self-powered  photodetector  based  on
CsBi3I10/SnO2 heterojunction,  achieving  a  switching  ratio  of  up  to
2.33  ×  105 [9].  Wei  et  al.  successfully  prepared  a  flexible  CsBi3I10
photodetector  by  doping  conductive  polymer  polyvinylcarbazole.
After  1000 cycles  of  bending tests,  the  photocurrent  still  remained
at 80% [10].

Compared  with  conventional  Pb-based  perovskites,  CsBi3I10
perovskite  exhibits  moderate  photoelectric  performance  due  to  its
low  defect  tolerance  and  severe  non-radiative  recombination,
resulting in lower photoelectric conversion efficiency than Pb-based
perovskites. The doping of transition metal ion Mn is a known and
effective method that can improve the photophysical properties and
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stability  of  perovskite  [11−13].  The  Mn  doping  has  been  widely
used in conventional semiconductors. Recently, significant progress
has  been  made  in  doping  Mn  into  Pb-based,  In-based,  and  Cu-
based perovskite materials [14−17].  The experimental results show
that  Mn  doping  also  has  significant  beneficial  effects  in  Bi-based
perovskite systems.

In this study, we improved the quality of CsBi3I10 perovskite and
enhanced  carrier  mobility  through  Mn  doping.  Under  the
illumination  of  a  650-nm  light  source,  the  Mn-doped  device
exhibits  a  responsivity  of  1.11  A/W,  a  specific  detection  rate  of
1.62  ×  1012 Jones,  and  a  response  time  of  4.53/1.47  μs.  The  low-
toxicity,  fast  response  time,  and  unique  sensitivity  to  low  light  of
Mn-doped  CsBi3I10 perovskites  are  desirable  for  detecting  weak
signals such as blood oxygen monitoring. A blood oxygen detection
system  we  built  for  accurately  measuring  heart  rate  and  blood
oxygen  saturation  of  the  human  body.  The  Pb-free  CsBi3I10
photodetectors  with  suppressed  defects  show  great  potential  in
blood oxygen detection.

 2    Experimental

 2.1    Materials
The materials used in the experiments included cesium iodide (CsI,
aladdin,  99.9%),  bismuth  iodide  (BiI3,  aladdin,  99.9%),  manganese
chloride  (MnCl2,  aladdin,  99%),  N,N-dimethylformamide  (DMF,
aladdin,  99.5%),  dimethyl  sulfoxide  (DMSO,  aladdin,  99.5%),
trichloromethane  (CHCl3,  Beijing  Tong  Guang  Fine  Chemicals
Company,  >  99%),  and  poly(9-vinylcarbazole)  (PVK,  aladdin,
average Mn 40,0000–50,0000).

 2.2    Preparation of CsBi3I10 perovskite precursor
0.8 mmol CsI and 2.4 mmol BiI3 were dissolved in 1 mL of a mixed
solution (DMF:DMSO = 9:1, V/V). The mixture was stirred at 70 °C
for  1  h  and  filtered  using  a  0.22  μm  polytetrafluoroethylene  filter.
MnCl2 (0.01,  0.03,  and  0.05  mmol)  was  added  during  the
above process.

 2.3    Device fabrication
The  glass  substrate  with  indium  tin  oxide  (ITO)  was  rinsed
sequentially with deionised water, isopropanol and ethanol in turn
for  15  min.  The  residual  liquid  on  the  substrate  was  flushed  out
with  N2,  and  the  glass  substrate  was  treated  with  ultraviolet  (UV)
ozone for 15 min. Firstly, 60 μL of poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate)  (PEDOT:PSS)  was  spin-coated at  5000 rpm
for  30  s,  and  then  annealed  under  vacuum  at  120  °C  for  30  min.
Then,  60  μL  of  CsBi3I10 perovskite  precursor  solution  was  spin-
coated at 4000 rpm for 60 s. 100 μL of anti-solvent chloroform was
added  at  the  10th  second.  The  solution  was  then  annealed  under
vacuum at  100 °C for 30 min.  Finally,  a  layer of  Au electrode was
thermally evaporated on the perovskite film. The active layer area is
4.5 mm2.

 2.4    Characterization
The  morphology  was  characterized  by  scanning  electron
microscopy (SEM) using field emission SEM (FE-SEM, FEI Quanta
650, 3 kV). The X-ray diffraction (XRD) patterns were obtained by
a Bruker D8 advance diffractometer using a Cu Kα radiation source
(λ =  1.54056  Å).  The  absorption  spectra  were  recorded  using  a
HR2000CG-UVNIR  spectrometer  from  Ocean  Optics.  The  light
source is a 650 nm laser (Cnilaser, MRL-III-650 nm). The external
quantum  efficiency  (EQE)  was  measured  by  Zurich's  Solar  Cell
QE/IPCE  Measurement  System.  The  response  time  of  the  device
was measured by a lock-in amplifier (Zurich Instruments, MFLI).

 3    Results and discussion
Figure 1(a) shows the fabrication process of a Mn2+ doped CsBi3I10
(CsBi3I10:Mn)  based  photodetector  by  sequentially  spin-coating  a
hole  transport  layer  PEDOT:PSS,  active  layer  CsBi3I10 perovskite
film, and finally thermally evaporating a layer of Au electrodes. The
obtained  device  structure  is  glass/ITO/PEDOT:PSS/CsBi3I10:Mn/
Au.  The  ITO  electrode  is  transparent.  The  absorption  of  visible
infrared light is very low, and the work function is 4.7 eV, which is
desirable  for  CsBi3I10:Mn.  The  valence  band  energy  level  of

 

Figure 1    (a) Photodetector preparation flow. (b) Mn doping structure. (c) SEM image of cross section of the photodetector.
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PEDOT:PSS is between ITO and CsBi3I10, which can promote hole
migration,  and  fill  uneven  areas  to  improve  the  smoothness  of
CsBi3I10:Mn perovskite thin films. In this paper, Mn2+ is successfully
doped in CsBi3I10 perovskite (Fig. 1(b)) to reduce the surface defects
of  perovskite  and  improve  carrier  mobility. Figure  1(c) shows  a
cross-sectional SEM of a CsBi3I10:Mn perovskite photodetector with
thicknesses of ITO, PEDOT:PSS, CsBi3I10:Mn, and Au are 135, 45,
1.1, and 55 nm, respectively.

The  addition  of  Mn2+ can  significantly  regulate  the  surface
flatness of CsBi3I10 thin films, which is important for the following
device  fabrication. Figures  2(a)−2(c) show  that  as  the  Mn  doping
content increases, the morphology changes. The morphology of the
film with a doping concentration of 0.01 mol/L (CsBi3I10:0.01Mn) is
similar  to  that  without  doping,  while  the  film  with  a  doping
concentration  of  0.05  mol/L  (CsBi3I10:0.05Mn)  shows  obvious
irregularity.  Figure  S1  in  the  Electronic  Supplementary  Material
(ESM) shows the energy dispersive X-ray spectroscopy (EDS) of the
surface of CsBi3I10:0.05Mn thin film, indicating a relatively uniform
distribution of  Mn element.  Table  S1  in  the  ESM records  that  the
principle of Mn accounts for 1%. X-ray photoelectron spectroscopy
(XPS)  characterization  was  performed  on  perovskite  films  with

different  Mn  doping  concentrations. Figures  2(d) and 2(e) show
that with the increasing Mn doping, the binding energy of Bi 4f and
Mn  2p  orbitals  shift  to  lower  values,  indicating  an  enhanced
electron cloud density. This is attributed to the replacement of Bi3+

by Mn2+, which creates localized negative charge centers that can be
compensated  by  the  formation  of  positively  charged  iodine
vacancies  to  preserve  overall  charge  neutrality. Figure  2(e) shows
that  the binding energy of  the  Mn 2p orbital  is  significantly  lower
compared to the literature. It can be ascribed to the difference in the
anion. The electronegativity of Cl− and O2− is higher than that of I−,
and they have a stronger ability to adsorb electrons. In CsBi3I10, the
anion is I− has a high electron-donating capacity [11, 13, 18]. Mn2+ is
affected, showing a decrease in the binding energy of Mn 2p orbitals.
Figure 2(f) shows the absorption spectra of Mn-doped CsBi3I10 with
different  concentrations  of  Mn.  With  the  increasing  Mn,  the
absorption  edge  of  CsBi3I10 is  blueshifted,  with  the  maximum
blueshift  of  10  nm  in  CsBi3I10:0.05Mn  samples.  Furthermore,  to
compare  the  energy  band  of  the  samples,  the  ultraviolet
photoelectron  spectroscopy  (UPS)  characterization  of  CsBi3I10
doped with different concentrations of Mn was performed (Fig. S2
in the ESM). It was found that the valence band energy levels of the

 

Figure 2    SEM of CsBi3I10 perovskite films with different Mn concentrations: (a) CsBi3I10, (b) CsBi3I10:0.01Mn, and (c) CsBi3I10:0.05Mn. XPS of different concentrations of
Mn-doped CsBi3I10 perovskite films: (d) Bi 4f and (e) Mn 2p. (f) Absorption spectra.
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perovskites decreased slightly with increasing Mn content.
Mn2+ doping was found to significantly enhance the performance

of  the  CsBi3I10 photodetector.  In  a  low-light  condition,  the
photocurrent of the Mn-doped CsBi3I10 photodetector significantly
increases. Figure  3(a) shows  that  the  device  is  responsive  in  the
spectra of 400–700 nm (28 μW/cm2). It is worth noting that in the
spectra  of  550–650  nm,  the  external  quantum efficiency  (EQE)  of
the  CsBi3I10:0.01Mn  device  is  approximately  10%  higher  than  that
of the undoped device.

For the device performance tests, the light source was a 650 nm
laser  at  5  mW/cm2,  and  the  operating  voltage  was  1  V  reverse
biased.  Unless  mentioned  in  this  paper,  these  are  the  test
conditions. The switching ratio (Ion/Ioff) is defined as the ratio of the
photocurrent  (Iphoto)  to  the  dark  current  (Idark). Ion/Ioff = Iphoto/Idark,
where Iphoto = Ilight − Idark. The Mn doping can reduce the defects of
perovskite,  thus  reducing the Idark of  the  device  and increasing the
Ion/Ioff. Space charge limited current (SCLC) experiment was carried
out to measure the trap state density of charge carriers in perovskite
thin  films  (Fig.  S3  in  the  ESM).  The  experimental  results  have
proven the surface defects are reduced by Mn doping. To show the
average parameters of the photodetectors, we tested 10 devices. The
standard deviation of Ion/Ioff values for Mn-doped devices is shown
to  be  significantly  smaller  than  that  of  the  undoped  devices  in
Fig.  3(b),  indicating  Mn  doping  leads  to  more  stable  device
performance with high reproducibility. The CsBi3I10:0.01Mn device
has the highest Ion/Ioff. The results of the repeated experiments were

consistent  with  them  (Fig.  S4  in  the  ESM).  The Ion/Ioff of  the
photodetector decreases with increasing Mn doping concentration.
This observation is consistent with the previous SEM image results,
which  indicate  that  excessive  Mn  content  leads  to  a  rough
morphology  of  CsBi3I10,  while  insufficient  Mn  content  has  a
minimal  impact  on  the  device.  Figure  S5  in  the  ESM  shows  the
switching ratio of  Mn-doped devices  with different  concentrations
after  13  months.  It  can  be  proven that  the  CsBi3I10:0.01Mn device
has the best stability.

Figure 3(c) shows the typical I–V curves of different Mn-doped
devices, revealing a slight increase in Iphoto and a decrease in Idark for
the  CsBi3I10:0.01Mn  device.  The Idark of  CsBi3I10 and
CsBi3I10:0.01Mn  were  23  and  18  nA,  respectively,  and  the Ion/Ioff
were  1270  and  1370,  respectively.  In  addition,  the Iphoto zero  shift
phenomenon  diminishes  as  the  Mn  doping  concentration
increases.  It  is  because  the  carrier  concentration  in  CsBi3I10 is
significantly  lower  than  that  in  PEDOT:PSS,  leading  to  the
formation of a built-in electric field due to the free diffusion of hole
carriers  [19, 20].  The  carrier  concentration  of  CsBi3I10 increases
with  increasing  Mn-doped  concentration  [21, 22].  The
concentration  difference  between  CsBi3I10 and  PEDOT:PSS  is
reduced, leading to a decreased built-in electric field. In this paper,
the current I–V curves of CsBi3I10 and CsBi3I10:0.01Mn devices were
also tested at different optical power densities (Figs. S6(a) and S6(b)
in the ESM).

Linear  dynamic  range  (LDR)  is  the  range  over  which  the
 

Figure 3    Characterization of the performance of CsBi3I10 photodetectors with different Mn concentrations: (a) EQE, (b) Ion/Ioff, (c) I–V curves, (d) LDR, (e) R, (f) D*, (g)
response time, (h) −3 dB, and (i) NSD.
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photoelectric conversion of a photodetector remains linear. LDR =
20lg(Pmax/Pmin), where Pmax is the maximum incident optical power
in the linear range, and Pmin is the minimum incident optical power
in the linear range. Pmax is  80 mW/cm2,  and Pmin is  0.5 μW/cm2 in
Fig. 3(d). The value of LDR is 104 dB. The data were fitted, and the
CsBi3I10:0.01Mn  device  exhibited  the  best  fit  with  a  fitting
coefficient R2 value of 0.99882. Figures S6(c) and S6 (d) in the ESM
show the Ilight at different optical powers and their compliance with
the LDR results.

Responsivity  (R)  is  also  often  referred  to  as  sensitivity, R =
Iphoto/PS,  where P is  the  incident  light  intensity, S is  the  effective
illumination  area. Figure  3(e) shows  that  the  Mn-doped  device
exhibits  higher  response  with R up  to  1.11  A/W.  As  the  optical
power  increases,  the  responsivity  of  Mn-doped  devices  is  lower
than that of undoped devices. Overdose Mn introduces doping level
in the band gap. The doping of Mn promotes carrier separation and
transport  in  low  light,  reduces  non-radiative  complexation,
enhances  the  effective  carrier  concentration  under  low-light
condition,  and  improves  the  responsivity  of  Mn-doped  devices  at
low  optical  power  density.  At  high  optical  power  density,  the
concentration  of  photogenerated  carriers  far  exceeds  the
accommodating  capacity  of  Mn  trap  states.  Mn  changes  into  the
recombination center, accelerating the annihilation of electron–hole
pairs.  This  leads  to  a  decrease  in  the  responsivity  of  Mn-doped
devices under intense light.

The  specific  detection  rate D*  describes  the  sensitivity  of  the
photodetector to weak irradiance (Eq. (1))

D*= RS1/2/2eI1/2dark (1)

Mn  doping  suppresses  the Idark of  the  photodetector  and
improves the detecting performance of the device, especially under
illumination with low optical power density. Figure 3(f) shows that
the D* of CsBi3I10:0.01Mn device is up to 1.62 × 1012 Jones (1 Jones
= 1 cm·Hz1/2/W).

Figures  3(g)−3(i) show  the  time-dependent  optical  properties.
Figure  3(g) shows  the  response  times  of  the  CsBi3I10 and
CsBi3I10:0.01Mn  devices,  of  which  the  response  and  recovery  time
are 4.54/2.13 μs and 4.53/1.47 μs. Figure 3(h) shows that the cut-off
frequency (−3 dB) of both the CsBi3I10 and CsBi3I10:0.01Mn devices
is 70 kHz. Figure 3(i) shows the noise spectral density (NSD), which
is the noise power density per unit bandwidth [23, 24] (the unit is
A/Hz1/2) (Eq. (2))

NSD = (A2
/Fn)1/2 (2)

Performing  a  fast  Fourier  transform  on  a  set  of Idark data  can
obtain  a  new  set  of  data.  Where A is  the  amplitude, F is  the Idark
sampling frequency, and n is the number of data for the amplitude.
The  graph  shows  a  distinct  peak  at  50  Hz,  which  is  the  ambient
alternating current signal interference. Figure S7 in the ESM shows
the Idark and  its  noise  spectral  density  for  different  sampling
frequencies.  In  comparison  with  other  perovskite  photodetectors,
our  research results  are  at  an upstream level  in  the  reported work
(Table S2 in the ESM).

The stability of CsBi3I10 perovskite is tested by its crystal structure
and photodetector performances. Figures 4(a) and 4(b) show the X-
ray  diffraction  (XRD)  patterns  of  CsBi3I10 thin  films  doped  with
Mn, measured on the 1st day and 22nd day. Figure 4(a) shows that
Mn doping changed the relative intensity of the two strongest peaks
(003)  and  (005).  Specifically,  as  the  Mn  content  increases,  the

intensity ratio of  (003) to (005) gradually increases,  indicating that
Mn  doping  changes  the  growth  orientation  of  CsBi3I10 perovskite.
Comparing Figs.  4(a) and 4(b),  no  significant  changes  in  XRD
patterns are observed over time, confirming the excellent stability of
CsBi3I10 perovskite films. Figures 4(c) and 4(d) show the long-term
stability tests of Iphoto and Ion/Ioff. At a power density of 5 mW/cm2,
the Iphoto decreases  with  increasing  Mn  doping  concentration.
However, in terms of standard deviation, the quality of CsBi3I10:Mn
devices exhibits excellent stable performance. Figure S8 in the ESM
shows  a  detailed  comparison  of  the Idark, Iphoto, Ion/Ioff,  and  their
normalized  values  for  photodetectors  with  different  Mn
concentrations. Figure  4(e) shows  the  cyclic Iphoto response  of  the
CsBi3I10:0.01Mn device for 1 h continuous operation, retaining 87%
of its initial Iphoto. Figure 4(f) shows a magnified view of a segment
from Fig. 4(e), highlighting the details.

The Mn-doped CsBi3I10 photodetector shows great advantages in
detecting  weak  signals,  making  it  suitable  for  applications  such  as
blood  oxygen  detection.  Photoplethysmography  (PPG)  is  a  non-
invasive optical sensing method based on Lambert-Beer's law, used
to monitor blood volume changes in subcutaneous tissue [25−28].
The  basic  principles  are  discussed  in  the  Supporting  Information.
This  study  shows  the  application  of  CsBi3I10 photodetectors  in
measuring  human  heart  rate  (HR)  and  blood  oxygen  saturation
(SpO2). Figure  5(a) shows  that  light  of  fixed  intensity  becomes
pulsed light  after  passing through the fingertip.  The photodetector
converts  the  pulsed  optical  signal  into  an  electrical  signal.  An
integrated  circuit  AFE4490EVM  and  its  graphical  user  interface
(GUI)  software  were  used  to  capture  and  process  the  electrical
signals  while  controlling  the  alternating  illumination  of  the  LEDs
(620/660 nm) [29]. Figures 5(b) and 5(c) show the PPG signals, HR,
absorbed  light  ratio  (Ros)  and  SpO2 values  based  on  CsBi3I10 and
CsBi3I10:0.01Mn photodetectors. Comparing the PPG signals of the
two  photodetectors,  it  was  found  that  the  converted  electrical
signals  of  the  CsBi3I10:0.01Mn  device  (11.3  mV)  were  significantly
higher  than  those  of  the  CsBi3I10 device  (6.2  mV).  Specifically,  at
660 nm light, both the direct current (DC) and alternating current
(AC) signals of the CsBi3I10:0.01Mn device are approximately twice
those  of  the  CsBi3I10 device.  This  is  attributed  to  the  enhanced
sensitivity  of  Mn-doped  devices  to  weak  light.  The  calculated  HR
and  SpO2 from  the  five  PPG  signals  from  the  CsBi3I10
photodetector  are  77–79 beats  per  minute  and 96%–99%, and the
average values are 78.29 beats per minute and 98.34%, respectively.
In  contrast,  for  the  CsBi3I10:0.01Mn  photodetector,  the  calculated
HR and SpO2 from the five PPG signals are 78–85 beats per minute
and  93%–98%,  the  average  values  are  80.42  beats  per  minute  and
96.47%, respectively. Despite slight variations, the results from both
detectors  are  comparable,  showing  the  potential  of  CsBi3I10:Mn
photodetectors for healthcare monitoring.

 4    Conclusion
In  conclusion,  we  successfully  fabricated  Mn-doped  CsBi3I10
photodetectors and took the advantage of their weak light detection
and  high  reproducibility  for  application  in  percutaneous  oxygen
monitoring.  For  materials  design,  Mn  doping  was  found  to
effectively smooth the surface of the CsBi3I10 film. Furthermore, to
enhance  interfacial  charge  transfer,  charge  transport  layers  were
added  into  the  device  with  the  structure  of
ITO/PEDOT:PSS/CsBi3I10/Au.  It  can  be  concluded  that  the
optimized  CsBi3I10:0.01Mn  device  exhibits  the  best  performance,
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achieving  a  responsivity  of  1.11  A/W  and  an  impressively  high
specific detectivity of 1.62 × 1012 Jones, which outperforms those of
the  undoped  device  for  weak  light  detection.  The  standard
deviation of the optoelectronic performance of Mn-doped devices is
significantly lower than that of undoped devices, indicating that the
reproducibility of device is greatly improved. Moreover, Mn-doped
devices  maintain  their  performance  levels  in  terms  of  response
time,  cut-off  frequency,  and  noise  spectral  density  without  any
degradation.  Finally,  a  transmission  mode  pulse  oximeter  system
based on the detection range of Mn-doped CsBi3I10 was developed,
which  can  non-invasive  monitor  human  heart  rate  and  pulse
oxygen  saturation.  This  Mn-doped  strategy  can  shed  light  on  the
practical application of Pb-free perovskites with high sensitivity and
reproducibility.

 Electronic  Supplementary  Material: Supplementary  material
(further  details  of  mterials,  characterization,  analytical  methods,
and  other  experimental  figures  and  tables  (Figs.  S1–S7,  Tables  S1
and  S2))  is  available  in  the  online  version  of  this  article  at
https://doi.org/10.26599/NR.2026.94908478.
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Figure 4    XRD  of  Mn-doped  CsBi3I10 films  at  the:  (a)  1st  day  and  (b)  22nd  day.  Long-term  performances:  (c) Iphoto and  (d) Ion/Ioff.  (e)  Cyclic  curve  of Ion and Ioff in
CsBi3I10:0.01Mn devices, (f) Iphoto curves taken from part (e).
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