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Broadband, Ultrafast, Self-Driven Photodetector Based
on Cs-Doped FAPbI; Perovskite Thin Film

Feng-Xia Liang, Jiu-Zhen Wang, Zhi-Xiang Zhang, You-Yi Wang, Yang Gao,

and Lin-Bao Luo*

In this study, a high-performance photodetector comprised of formamidinium
cesium lead iodide (FA;_,Cs,Pbl;) thin film is developed. The Cs-doped FAPbI;
perovskite material is synthesized through a simple spin-coating method,

via which FA,_,Cs,Pbl; with different Cs doping levels (x = 0.1, 0.15, 0.2, and
0.3) can be obtained. Further optoelectronic characterization reveals that the
FA( 35Cso.15Pbl; photodetector exhibits reproducible sensitivity to irradia-

tion with wavelengths in the range from 240 to 750 nm, whereas it is weakly
sensitive to wavelengths longer than 750 nm. The responsivity and specific
detectivity are estimated to be around 5.7 A W' and 2.7 X 10"* cm Hz'/2 W',
respectively. It is also worth noting that the present perovskite photodetector
demonstrates an ultrafast response speed (t,/tz 45 ns/91 ns) at zero bias
voltage, which is probably related to the ultrafast lifetime and high quality of
thin film according to the Hall effect study. Finally, this device shows a weak
degradation in sensitivity to white light after storage at ambient condition

for 45 days. The totality of the broadband sensitivity, high specific detectivity,
ultrafast response speed, and self-driven property renders the FA,_,Cs,Pbl; an

recent discovery of a group of organolead
halide perovskites (APbX3) has provided
promising routes to high-performance
optoelectronic  devices application.’]
Various study has demonstrated that
perovskite materials can display many
unique properties such as direct bandgap,
large absorption coefficient, long charge
diffusion length, low density of defects,
and easy fabrication, which makes them
extremely attractive in photodetector
applications.l'%13 For instance, Lee et al.
developed a novel hybrid photodetector
comprised of graphene and CH;NH;PbI;
thin film. The photodetector had a
broadband photoresponsivity from 400
to 800 nm, with a response time of 87
(rise time) and 540 ms (fall time). What
is more, the photoresponsivity and effec-

idea material for high-performance photodetectors application.

1. Introduction

Photodetector, as a typical example of optoelectronic devices,
is able to detect light illumination with wavelength ranging
from ultraviolet to infrared. It has attracted‘increasing research
interest recently owing to its promising application in safety
monitoring, spatial optical communication, chemical/biological
imaging, and light vision.'”3l Hitherto, tremendous efforts
have been devoted to the design of wide broadband light har-
vesting structures through the combination of different func-
tional materials.**! However, the fabrication methods are
usually complicated or employing expensive instruments. The
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tive quantum efficiency were 180 A W1
and 5 x 10*% at a relatively high illumi-
nation power of 1 uW, respectively.!¥
Very recently, Jie’'s group reported the
fabrication of a high-performance photodetector based on
single-crystalline aligned CH;3;NH;Pbl; microwire arrays,
which were synthesized by a facile blade-coating approach.
It was observed that the device displayed apparent sensitivity
to visible light illumination with very good reproducibility.
According to their calculation, the device exhibited a high
responsivity of 13.5 A W at visible light, with a response
time of 80 (rise time) and 240 us (fall time)."" In spite of the
above achievements, it is inevitable to point out that the above
devices are characterized by relatively low specific detectivity
and slow response speed, which greatly limit their further
applications. In addition, most of the perovskite photodetec-
tors need external bias voltage.'*18] Here, in this study, we
report a high-performance photodetector based on formami-
dinium cesium lead iodide (FA;_,Cs,Pbl;), which has a band
gap of 1.51 eV and has demonstrated to be ideal material for
photovoltaic devices application.'”) The FA;_,Cs,Pbl; film was
synthesized through a one-step spin-coating strategy. SEM
study revealed that when x is equal to 0.15, continuous pero-
vskite thin film with high quality can be obtained. It is also
revealed that the FA(gsCsg15Pbl; shows obvious sensitivity to
light illumination with wavelengths ranging from UV to Vis
light (240-750 nm). The responsivity and specific detectivity
were estimated to be 5.7 A W~! and 2.7 x 10" cm Hz!'/2 W,
which are much better than most of other MAPDI; thin film
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and single crystal-based devices. Besides, our photodetector
could operate without bias voltage, demonstrating good self-
powered properties. It is believed that the present broadband,
ultrafast, and self-driven perovskite film-based photodetector
will have potential application in future optoelectronic devices
and systems.

2. Results and Discussion

The cesium-doped FaPbl; film (FA; ,Cs,Pbl;) was synthe-
sized by a simple spin-coating strategy, as illustrated by the
scheme in Figure 1a. Briefly, a mixed solution containing PbI,,
HC(NH,),I (FAI), and CsI was first spin-coated onto a glass film.
After rinsing with diethyl ether solution, the sample was ther-
mally treated at 50 °C for 3 min, followed by 140 °C for 15 min.
According to the digital camera picture and structural diagram
shown in Figure 1a, the as-synthesized FA,;_,CS,Pbl; perovskite
film is black-brownish in color. What is more, like the traditional
MAPDX;, the present FA;_,Cs,Pbl; has a similar structure: the
FA* and Cs* cations occupy the eight corner of the cubic unit

www.advopticalmat.de

cell, while the Pb atom resides at the center of the body of a
[PbIg]*. In order to reveal the influence of FA concentration on
the perovskite structure, X-ray diffraction (XRD) patterns of four
FA,_,Cs,Pbl; samples with different Cs ratios (x = 0.1, 0.15, 0.2,
and 0.3) are studied. As shown in Figure 1b, for the FA; ,Cs,PbI;
films with Cs doping level from 0.10 to 0.15 and 0.20, the cor-
responding diffraction peaks could be all indexed to the black
phase of FAPDI; 2% However, when the x further increases to 0.3,
new phase due to CsPbl; begins to appear. Figure 1c—e shows
the corresponding field emission scanning electron microscopy
(FESEM) images of the perovskite film. It is apparent to find that
when x is equal to 0.1 or 0.2, discontinuous film with obvious
holes or defects will be formed. This result is in sharp contrast to
the case of x = 0.15, where relatively high quality perovskite with
continuous film was obtained. From the atomic force microscopy
(AFM) topography image shown in Figure 1f, the average rough-
ness of FA(gsCsg15Pbl; is estimated to be around 150 nm. Fur-
ther normalized photoluminescence spectra in Figure 1g reveal
that with the increase of x from 0.1 to 0.15 and 0.2, the peak of
the FAl,szbeIQWill blue shift from 789.1 to 784.7 and
779.5 nm, Whit') ightly different from previous study.?!
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Figure 1. a) Schematic illustration of stepwise process for fabrication of the FA;_,Cs,Pbl; perovskite film photodetector. b) X-ray diffraction (XRD)
patterns of four FA;_Cs,Pbl; films with different doping levels. c—e) FESEM images of FA;_Cs,Pbl; perovskite films with different components
(x=0.10, 0.15, and 0.20, respectively), the insets of (c)—(e) show the corresponding cross-section SEM image of the perovskite film. f) Tapping-mode
AFM height image of the FA(gsCsq15Pbl; film. g) Steady-state photoluminescence spectra of the FA;_,Cs,Pbl; film, the inset shows the peak location
as a function of cesium level.
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Figure 2. a) Schematic illustration of the FAjgsCsg15Pbl; photodetector. b) A digital camera picture of the perovskite device on PCB. ¢) I-V curve of
the perovskite film device in dark condition. d) I-V curves of representative eightdevices under white light illumination.

Considering the relatively high quality of the FA g5Cs 15Pbl3,
only thin film with this chemical composition was selected for
photodetector fabrication. Figure 2a shows a schematic illugtra-
tion of the perovskite film device composed of FA;sCs15PbI3
thin film and two parallel gold electrodes (thickness: 50.sm):
For convenience, the as-fabricated device was then fixed ‘on a
printed circuit board (PCB, Figure 2b). The I-V curves,in dark
were measured in air at room temperature (Figure.2c). It can
be found that the current exhibits a linear characteristic, sug-
gesting the formation of a good contact betweenn'FA gsCsg 15PbI3
and Au electrodes with negligible contact barrier. Remarkably,
once the FA(gsCsg15PbI; film device was shined by white light
illumination, the current will increase dramatically. It should
be pointed out that unlike other traditional inorganic semicon-
ductor material-based devices,*? the [-V curve of the present
perovskite film photodetector under light illumination is non-
linear, particularly at small bias voltage. As a matter of fact, this
behavior has been also confirmed by other representative eight
devices, as shown in Figure 2d. This photoelectric character-
istic, often observed in other perovskite devices composed of
both CH;NH;PbI;?3 and CH;NH;PbCl;,*# may be related to
the surface trap states in view of the solution-based synthetic
approach used in this study.

The above photosensitivity to white light is repeatable even
after 90 cycles operation (Figure S1, Supporting Information),
suggesting the excellent device reproducibility. Further -V
curves in Figure 3a reveals that this photoresponse is actually
dependent on the incident light intensity, which is reasonable
in that stronger illumination will generate more photon-excited
electron-hole pairs, and therefore leads to higher photocurrent
in the circuit. It was also observed that the photocurrent was

Adv. Optical Mater. 2017, 1700654

1700654 (3 of 10)

highly related to bias voltage. Figure 3b plots the photocurrent
at different bias voltages, from which the photocurrent was
found to increase gradually with the increase of bias voltage.
Such a bias voltage dependent photocurrent is contrary to the
relationship between on/off ratio and bias voltage. As shown in
Figure 3c, the on-off ratio is 6.3 x 10° at bias voltage of 0.5 V.
When the bias voltage increases from 0.5 to 3 V, the on—off
ratio will keep decreasing, and reaches a minimum value of
2.1 x 10% at 3.0 V. To further quantitatively assess the device
performance of the FAg;Csg15Pbl; film, both responsivity (R)
and specific detectivity (D*) were calculated using the following
equations(>>2°]

r=la=le (1)
PA

RlAl/z
(2ely)"?

*

(2)

where I, is the photocurrent, Iy is the darkcurrent, P, is the
incident intensity, A is the areas of the device, and e is the
elementary charge, respectively. By using the above values and
the two equations, both responsivity and specific detectivity
were computed. Figure 3d plots the responsivity and specific
detectivity at different bias voltages. Both device parameters
are negatively correlated to light intensity. That is, the weaker
the light intensity, the higher the R and D* will be. In order
to gain a competitive R and D*, a very weak white light with
intensity of 0.6 UW c¢cm™2 was chosen to illuminate the device.
Based on the values in Figure 3e, the R and D* were estimated
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Figure 3. a) |-V characteristics of perovskite device under illumination of white light with different power intensities. b) Photoresponse of the devices
under different bias voltages. c) The on/off ratio as a flnction of different voltage. d) Both responsivity and specific detectivity under white light
illumination with different intensities. e) The photorespghse under light illumination with an intensity of 0.6 WW cm™2. f) Photocurrent as a function

of the incident intensity at a bias of 0.5 V.

to be 5.7 A W' and 2.7 x 10"3 cm Hz'/?2 W=E(the detailed cal-
culation process is provided in the Supporting Information).
Besides, the linear dynamic range (LDR) defined as the range
in which the photocurrent has a linear response as the incident
light intensity changes was also calculated by the following
relation!?’]

LDR = 20log(I5/I4) (3)
where I, and I; are the photocurrent and darkcurrent, respec-
tively, measured at light intensity of 0.06 and 3.3 mW cm™2. The
highest LDR are estimated to be 76.3 dB (Figure 3f). This value
is higher than that of other types of photodetectors composed
of InGaAs (66 dB)?® and most 2D transition metal dichalcoge-
nide (40-80 dB).2%

Further photoresponse characteristics find that the photo-
sensitivity of our FA(gsCs15Pbl; photodetector relies on the
illumination wavelength. Figure 4a shows the [-V curves over
a range of 400-800 nm under a fixed irradiation power of
120 UW cm™2. One can learn that the photocurrent increases
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with the decrease of the wavelengths and reaches a maximum
value at 400 nm. The photocurrent to each monochromatic
light depends on the light intensity (Figure S2, Supporting
Information), and the corresponding relationship can be fitted
by a simple power law (Figure S3, Supporting Information). It
is also interesting to observe that this perovskite photodetector
exhibits good detection ability to the UV light (Figure 4b), and
the photocurrent under UV light illumination is dependent on
the incident UV intensity (Figure 4c) as well. By employing
Equations (1) and (2), both responsivity and specific detec-
tivity at different intensities are calculated and summarized in
Figure 4d. Specifically, the highest R and D* are estimated to
be 0.1 A W' and 1.42 x 10'2 cm Hz'/2 W, respectively, under
illumination power of 12 uW cm™. By studying the photo-
current at a fixed light intensity with different wavelengths,
the spectral photoresponse in the range from 240 to 800 nm
was obtained. As plotted in Figure 4e, the perovskite device
shows obvious photosensitivity to illumination with wave-
length in the range from 240 to 750 nm, but the sensitivity
will be rather low when the wavelength is longer than 750 nm,
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Figure 4. a) |-V characteristics of photodetector to light illumination with different wavelengths. b) The -V characteristics curve with and without
254 nm illumination. c) The photoresponse to 254 nm with different light intensities:nd) Both responsivity and specific detectivity of the perovskite
heterojunction under 254 nm light illumination with different intensities. e) Spectral response of the device in the range from 240 to 800 nm.

which is consistent with the optical absorption curve reported  withsthe resistor (R) in series (Figure 5a). The pulsed inci-
previously.l2! defit light was generated by a laser diode driven by a high-

The response speed was then studied by using a home-madé " frequency signal generator, which can provide pulsed light with
setup in which the perovskite photodetector was connegted % a frequency as high as 10 MHz. Figure 5b—d illustrates the
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Figure 5. a) Schematic illustration of testing equivalent circuit at 3 V, the wavelength of incident light was 650 nm. Photocurrent of the perovskite
photodetector under 650 nm light illumination with frequency of 300 KHz b), 800 KHz c), and 1.5 MHz, the bias voltage is 3 V. e) The relationship of
(Imax —Imin) /Imax versus switching frequency. f) Single normalized cycle of the photodetector for estimating both rise time and fall time.
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Figure 6. Photoresponse of the perovskite photodetector at a bias voltage of 0 V, with frequency of 800 KHz a), 1.6 MHz b), and 3 MHz c). d) The
relationship of (Vimax —Vimin) / Vimax Versus switching frequency. e) Single normalized cycle ofithe,photodetector for estimating both rise time and fall time.
f) Energy band diagram of the perovskite photodetector under light illumination.

photocurrent recorded at 3 V under 650 nm with different fre-
quencies. Obviously, for 300 KHz, 800 KHz, and 1.5 MHz, our
perovskite device coherently demonstrates excellent switching
characteristics when the incident 650 nm light was turned on
and off repeatedly. The 3 dB bandwidth of the device was estis
mated to be 3.8 MHz (Figure 5e), suggesting the great potential
of the present perovskite photodetector for detecting ultrafast-
switching optical signal. A single normalized cycle at 1.5 M"Hz
was displayed in Figure 5f, from which the rise time and fall
time are estimated to be 117 and 148 ns, respectively.(The rise
time (7,) is from 10% to 90% and the fall time (78, from 90%
to 10% of its peak value).%l

To our surprise, the response speed “ofiithe perovskite
photodetector can be further accelerated oncerthe bias voltage
was revoked (For optoelectronic study at 0 V, the testing
equivalent circuit was slightly modified, refer to Figure S4,
Supporting Information). Figure 6a—c shows the reversible
switching curves between low and high conductance states at
frequency of 0.8, 2, and 3 MHz. From the relative balance result
in Figure 6d, it can be concluded that the perovskite device
shows a better 3dB bandwidth than that at 3 V. From the single
normalized cycle shown in Figure 6e, the rise time and fall
time were determined to be 45 ns and 91 ns, respectively, which
are much better than the result at 3 V. Such ultrafast response
speed is not only related to the unique optoelectronic property
of the Cs-doped FAPDI; but also due to the Schottky junction
at the Au/perovskite interface under light illumination, as indi-
cated by Figure 2d. Figure 6f aligns the energy levels of the Au/
FA(g5Cs.15PbI3/Au interfaces, the highest occupied molecular
orbital and lowest unoccupied molecular orbital values were
obtained from literature review.?” Like conventional Schottky
junction-based photovoltaic photodetector, the current metal-
semiconductor interface is beneficial to response speed in that
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it iS capable of swiftly separating photogenerated electron—hole
pairssunder light illumination.

On the other hand, the above ultrafast response speed is
related to the ultrashort lifetime. The transient PL spectrum
of the FA(45Csg15Pbl; device is studied in Figure 7a. By fit-

ting the transient PL curve using a biexponential function
13 t

[I(t):Ale?+Aze—’7, where 7; (7,) represents the fast (slow)

decay time; A; (A;) represents the amplitude of the fast-decay
(slow-decay) component at t = 0], a fast (t; = 4.97 ns) and slow
(t, = 20.1 ns) dynamics for the perovskite film were obtained.
According to previous study, these two values were associated
with the surface (fast) and bulk (slow) recombination, respec-
tively.?!l This ultrashort lifetime derived from a perovskite
materials with a relatively low trap density seems to deviate
some the materials in Figure 7b, but it is comparable to that
of CH;NH;PbI; nanowires.?”l Considering the fact that for a
given semiconductor material, there are also other factors such
as processing condition, doping level and surface states that
can influence the lifetime, we therefore believe that our meas-
urement as well as the experimental results are trustworthy.
Such an ultrafast lifetime is undoubtedly instrumental to the
fast response speed. The third contributory factor for the fast
response speed is the high quality of the perovskite material.
Figure 7c shows the carrier mobility and trap density of four
representative device’s using the Hall effect method, through
which the average electron mobility (t,) and trap density (1y,p)
were estimated to be 133.5 cm? s V! and 1.75 x 10!* cm™,
respectively (Figure S5, Supporting Information). Figure 7d,e
compare the electron mobility and defect concentrations of
these materials with recently reported results. Obviously,
the FAggsCsg15Pbl; device is comparable to other perovskite
thin film, but the defect concentration is relatively lower than

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 7. a) Time-resolved photoluminescence spectral with\biexponential fits. b) Comparison of lifetime of the FAggsCsg15Pbls film and other pero-
vskite films. c) The Hall carrier mobility and trap density. of four devices. d) Comparison of carrier mobility of the FA(g;Csq15Pbl; film and other
perovskite film. e) Comparison of trap density concentration of the FA( g5Csq15Pbl; and other perovskite films.

other perovskite materials with similar cartier lifetime.33-*

Such a relatively low defect concentration leads to a long dif-
fusion length, which can be calculated by the following two
equationsi®®!

UKET

D=2
p (4)
L=+Dx ()

where D is diffusion length coefficient, L is the diffusion
length, Kp is the Boltzmann's constant, T is the temperature
of the sample, g is the elementary charge, and 7 is the carrier
bulk recombination lifetime, respectively. The carrier diffu-
sion length (L) is calculated to be 2.6 um. Such a value is better
than the MAPDI; (=1 um)*2l and MAPDBr; polycrystalline film
(=0.33 um),B% and therefore is beneficial for the excellent opto-
electronic property mentioned above.[*]
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Table 1 compares some device parameters including the bias
voltage, response time, responsivity and specific detectivity, and
other perovskite-based devices. The response speed is 45/91 ns
(rise time/fall time), which represent the best results reported.
What is more, the R and D* are comparable to or slightly smaller
than the devices based on MAPDI; nanowires and MAPDI;_,Cl,
filmB324%5% but are much better than the devices composed of
CsPbBr; and CsPbI; nanocrystals,*’#8] MAPbBr;_,I, film,/%
and MAPbI; and MAPbCI; single crystal.”?3] Without doubt,
the relatively good device performance as well as the broadband
spectral response renders the present photodetector highly
promising for future photosensing applications.

In addition to the obvious advantages mentioned above,
the present FA(gsCsg 15Pbl; thin film photodetector displays a
stable sensitivity to light illumination after 45 days storage in
air, even though the phase has changed. Figure 8a shows the
photocurrent evolution to both white light and 254 nm light illu-
mination after storage for different durations (from one week
to 45 days). One can see clearly that after 45 days storage, the
photocurrent under 254 nm illumination decreased by nearly

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 1. Comparison of device performance of our device and other
perovskite materials-based photodetectors.

Materials Bias T/ R D* Reference
v [AW]  [Jones]
FA¢55Cs0.15Pbls film 0 45/91 ns 5.7 2.7x10"  This work
MAPbCl; single crystals 15 24/62ms  0.047  1.2x10'° 7]
MAPbDI; single crystals 3 74/58 us 2.55 - [23]
MAPbI; nanowires 1 <0.1 ms 4.95 2.0x10" [32]
MAPbl; film 3 100/100ms  3.49 - [44]
MAPbI; network 10 03/0.4ms 0.1 1.02x 10" [45]
MAPbCl; single crystals 5 —/1ms 18 102 [46]
CsPbBr; nanocrystals 3 1.8/1.0ms  0.18 6.1x10'° [47]
CsPbl; nanocrystals 1 24/29 ms - - [48]
MAPbI,_Cl, film 0.1 180/160 ns - 8.0x10" [49]
MAPbBr;_I, film 10 20/20us  0.055 - [50]

ne order of magnitude. This completely differs from the photo-
sensitivity to white light illumination, which only decreases
by 25%, from 4.1 x 107 to 3 x 10~ nA. Such a wavelength
dependent photocurrent evolution is understandable given the
fact that the structure of perovskite material has changed after
long-term storage at ambient condition. Figure 8b compares the
XRD patterns of FA( gsCs 15Pbl; film before and after 45 days. It
can be clearly seen that besides the FAg;Cs15Pbl; phase, new
diffraction peaks attributable to CsPbl; and unknown phase
begins to come into being. The newly formed materials have
a different sensitivity to light illumination than the Cs-doped
FaPbls: It is sensitive to the visible light illumination, but it.is
blind to deep UV light. As a result, the photodetector exhibits
relatively good sensitivity to white light than the UV light.

3. Conclusion

In summary, a high-performance broadband perovskite
photodetector has been successfully fabricated by a simple
spin-coating synthesis process. Device performance analysis
finds that the as-fabricated device exhibits high sensitivity to
broadband illumination, with wavelength in the range from

~
=
=

White

Q
=
=S

(=

(nA)
=

N
=
)
=
=
=

@)
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240 to 750 nm. What is more, the perovskite photodetector is
capable of detecting 3 MHz optical signal at zero bias voltage,
with a high response speed (rise/fall time of 45/91 ns). In
addition, the R and D* of the device are estimated to be
5.7 AW and 2.7 x 1013 cm Hz'? W1, respectively. Finally, this
device is observed to exhibit good photosensitivity to white light
illumination after storage at ambient condition for 45 days.
The broadband sensitivity, high specific detectivity, and fast
response speed corroborate that the FA;_,Cs,Pbl; perovskite-
based photodetector is greatly promising for future optoelec-
tronic devices application.

4. Experimental Section

Synthesis and Characterization of FA;_Cs,Pbl; Perovskite Film: The
FA;_,Cs,Pbl; thin film was synthesized through a modified one-step
spin-coating method.?" First, 461 mg Pbl, (Aldrich, 99%), different
amount of FAI (Aldrich, 99.5%), and Csl (Aldrich, 99.9%) were added
sequentially into a mixed solution of 200 uL dimethyl sulfoxide (>99.9%)
and 800 uL N,N-dimethylformamide (99.8%). To form different alloy
compositions (x = 0:10, 0.15, and 0.20), the FAI used was 137, 145,
and 154 mg while the Csl 26, 39, and 52 mg, respectively. The mixture
was stirred at 70 °C for 1 h in a flask. Then 30 pL of the as-prepared
perovskite_preeursor was spin coated onto the glass substrate at a
speed of 4000ipm. After 10's, 500 pL diethyl ether solution (99.0%) was
droppedsonte the perovskite film. After spin coating for another 50 's, the
substrate was first heated up to 50 °C for 3 min and then 140 °C for 15
min. Finally, the FA,_,Cs,Pbl; perovskite film in black-brownish color was
obtained. The XRD patterns of the perovskite films were recorded using
an X-ray diffractormeter (Rigaku D/max-rB). The AFM image of the film
was obtained from an atomic force microscopy (Benyuan Nanotech
Com., CSPM-4000). The morphology of the thin film was examined by a
field-emission SEM (FESEM, SIRION 200 FEG). The photoluminescence
was explored by a confocal laser Raman spectrometer (Horiba Jobin
Yvon, Labram HR evolution).

Device Fabrication and Analysis: To fabricate the perovskite film-based
photodetectors, parallel Au metal electrodes with thickness of around
50 nm were deposited via electron-beam evaporator, with the assistance
of a shadow mask. The channel length (L) and width (W) are T mm
and 18 pum, respectively. The electrical measurements were performed
using a semiconductor |-V characterization system (Keithley Company,
4200-SCS). For optoelectronic property study, several kinds of laser
diodes (Tanon Company, UV-100) with different wavelengths (254, 450,
650, and 808 nm) were used to illuminate the device. For response
speed study, the device was shined by a laser diode driven by a high-
frequency signal generator, and the pulsed voltage was recorded by an

(b) V Unknown phase
*FA Cs PbI
- ¢ CsPbI,
=
< ve
N’
=y
£ /
& After 45 days
= o,
Ll
10 20 30 40 50

20 (degree)

Figure 8. a) Photoresponse of FAggsCsg15Pbl; photodetector to both white light and 254 nm light illumination, after storage in air for varied times.
b) Comparison of the XRD pattern of FAqgsCsq15Pbls film before and after 45 d storage.
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oscilloscope (Tektronix, TDS2012B). Note that the power intensity of
the incident light was calibrated by a powermeter (Thorlabs GmbH., PM
100D) prior to use.
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