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In recent years, metal halide perovskite materials have at-
tracted wide attention in the fields of photovoltaics (PVs),
light-emitting diodes (LEDs) and photodetectors (PDs) due to
their excellent light absorption['-6], adjustable bandgaps and
long carrier diffusion length. Compared with commercial Si
and GaN photodetectors, perovskite photodetectors (PPDs)
present wider light detection range, higher sensitivity and
higher external quantum efficiency (EQE)7-91.

PDs are divided into two types: wide-bandgap detectors
and narrow-bandgap detectors, and their functions corres-
pond to different wavelength ranges. The traditional detect-
ors (Si, GaN, InAs PDs) need low-temperature environment
for their operationl'% '], and it is difficult to perform simultan-
eous detection to short-wavelength and long-wavelength
light, thus limiting their development, while the adjustable
bandgaps of perovskites enable them to sense photons of
short-wavelength and long-wavelength at once efficientlyl'2,
Moreover, perovskites can be made via a facile solution-
processing, making PPDs more favorable in fabrication of
large-area and flexible devices!'3-'7], The development and ap-
plication of PPDs are worthy of discussing.

Visible light communication (VLC) is a wireless communica-
tion technology (Fig. 1), which uses visible light (300-900 nm)
as the information carrier to transmit information within a cer-
tain distancel'8-20], It has the advantages of high response
speed, security, low energy cost and electromagnetic interfer-
ence resistancel?'l, Gao et al.[?? reported that CsPbl,Br;_, pho-
todetector simultaneously possessed high sensitivity and fast
response by engineering device and film quality (Fig. 2(a)). CsPb-
IBr, photodetector had a detectable limit of ~21.5 pW/cm?
and a response time of 21 ns. Moreover, the photoresponse
characteristics can keep for 2000 h. The photodetector was in-
tegrated into the VLC system (Fig. 1), and successfully real-
ized the transmission of text and audio signals.

PPDs present specific responses to red, green and blue
light, which is similar to the light-receiving vertebral body of
human retina. Lin et al.23! used a PPD with a microcavity struc-
ture to realize detection to different colors without using
external filters, thus realizing full-color image restoration
(Fig. 2(b)). The detection degree (D*) of the device reached
1013 Jones, the linear dynamic range (LDR) was 154 dB, and
the response time was 580 ns, which were better than those
of human retina. Fan et all? made hemispherical FAPbI;
nanowire arrays by using a template method, which is al-
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most impossible for traditional commercial semiconductors.
And the bionic eye has been successfully assembled by us-
ing hemispherical nanowire detector arrays (Fig. 2(c)). The
density of nanowire detectors on bionic eyes is much higher
than that of photoreceptors in human retina, so higher im-
age resolution can be achieved.

Self-driven flexible PDs have attracted interests because
they can be applied to wearable and portable devices[25-28],
The traditional planar photodetector is not satisfactory in
both photoelectric and mechanical properties, and its struc-
ture needs to be improved to make it more suitable for flex-
ible devices. Li et all? reported a Csggs5(FAgs5MAG15)0.05
Pb(logsBro15)s PD with inverse opal structure, which can en-
hance light capture and improve carrier transport. The PD
presented a high responsivity of 473 mA/W. What's more, the
detector had good mechanical properties, and the photocur-
rent maintained after 500 bending tests. The flexible device
can detect sunlight from 5am to 7pm (Fig. 2(d)).

At present, the infrared PD technology becomes mature.
Owing to the limited detection range of Si and GaN PDs, the
development and application of UV-visible light detection is
required. Perovskite fabrication is simple, and perovskite has
advantages in structure tuning. PPDs will present break-
throughs in the near future.
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Fig. 1. (Color online) Schematic for visible light communication system. At the sending port, LED lamps transfer electrical signals into optical sig-
nals; at the receiving port, PDs convert optical signals into electrical signals, which are then transcoded by digital-to-analog converters.
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Fig. 2. (Color online) (a) CsPbIBr, photodetector applied to VLC system to transmit files and radiol?2, Copyright 2019, Wiley. (b) Optical microcav-
ity regulates the response of detector in different bands[23], Copyright 2019, Wiley. (c) Application of electronic bionic eyel2¥, Copyright 2020,
Springer Nature. (d) Flexible devices in the solar detection system!29], Copyright 2020, Wiley.

ting diodes. Nat Mater, 2021, 20, 10 tion dynamics in perovskite CH3;NH;Pbls for solar cell applica-
[71 Doul, Yang Y, You J, et al. Solution-processed hybrid perovskite tions. J Am Chem Soc, 2014, 13611610

photodetectors with high detectivity. Nat Commun, 2014, 5, [10] Gruber G J, Moses W W, Derenzo S E, et al. A discrete scintilla-

5404 tion camera module using silicon photodiode readout of CsI(Tl)
[8] Saidaminov M, Haque M, Savoie M, et al. Perovskite photodetect- crystals for breast cancer imaging. IEEE Tran Nucl Sci, 1998, 45,

ors operating in both narrowband and broadband regimes. Adv 1063

Mater, 2016, 28, 8144 [11] Haddadi A, Dehzangi A, Adhikary S, et al. Background-limited
[9] Yamada Y, Nakamura T, Endo M, et al. Photocarrier recombina- long wavelength infrared InAs/InAs,_,Sb, type-Il superlattice-

XY Pan et al.: Application of metal halide perovskite photodetectors


http://dx.doi.org/10.1038/s41563-020-0784-7
http://dx.doi.org/10.1038/ncomms6404
http://dx.doi.org/10.1038/ncomms6404
http://dx.doi.org/10.1002/adma.201601235
http://dx.doi.org/10.1002/adma.201601235
http://dx.doi.org/10.1021/ja506624n
http://dx.doi.org/10.1109/23.681979
http://dx.doi.org/10.1109/23.681979
http://dx.doi.org/10.1038/s41563-020-0784-7
http://dx.doi.org/10.1038/ncomms6404
http://dx.doi.org/10.1038/ncomms6404
http://dx.doi.org/10.1002/adma.201601235
http://dx.doi.org/10.1002/adma.201601235
http://dx.doi.org/10.1021/ja506624n
http://dx.doi.org/10.1109/23.681979
http://dx.doi.org/10.1109/23.681979

[12]

[13]

[14]

[15]

[1el

(71

(18]

[19]

[20]

[21]

[22]

[23]

[24]

based photodetectors operating at 110 K. APL Mater, 2017, 5,
35502

Noh JH, Im S H, Heo J H, et al. Chemical management for colorful,
efficient, and stable inorganic-organic hybrid nanostructured sol-
ar cells. Nano Lett, 2013, 13, 1764

ChenS, Lou Z, Chen D, et al. An artificial flexible visual memory sys-
tem based on an UV-motivated memristor. Adv Mater, 2018, 30,
1705400

Geng X, Wang F, Tian H, et al. Ultrafast photodetector by inte-
grating perovskite directly on silicon wafer. ACS Nano, 2020, 14,
2860

Liu Y, Zhang Y, Zhao K, et al. A 1300 mm? ultrahigh-performance
digital imaging assembly using high-quality perovskite single
crystals. Adv Mater, 2018, 30, 1707314

Song X, Li Q, Han J, et al. Highly luminescent metal-free per-
ovskite single crystal for biocompatible X-ray detector to attain
highest sensitivity. Adv Mater, 2021, 2, 2102190

Pan X, Zhang J, Liu R, Zhou H, et al. Single-layer ZnO hollow hemi-
spheres enable high-performance self-powered perovskite photo-
detector for optical communication. Nano-Micro Lett, 2021, 13,
70

Wu T, Chi Y, Wang H, et al. Tricolor R/G/B laser diode based eye-
safe white lighting communication beyond 8 Gbit/s. Sci Rep,
2017,7,11

Gong CS, Lee Y C, Lai J L, et al. The high-efficiency LED driver
for visible light communication applications. Sci Rep, 2016, 6,
30991

ChiY C,Huang Y F, Wu T C, et al. Violet laser diode enables light-
ing communication. Sci Rep, 2017, 7, 10469

Amirabadi M A, Nezamalhosseni, et al. Low complexity deep learn-
ing algorithms for compensating atmospheric turbulence in the
free space optical communication system. IET Opotelectron,
2021,1,13

Bao C, Yang J, Bai S, et al. High performance and stable all-inorgan-
ic metal halide perovskite-based photodetectors for optical com-
munication applications. Adv Mater, 2018, 30, 1803422

Tsai WL, Chen CY, Wen YT, et al. Band tunable microcavity per-
ovskite artificial human photoreceptors. Adv Mater, 2019, 31,
1900231

Gu L, Poddar S, Lin Y, Long Z, et al. A biomimetic eye with a
hemispherical perovskite nanowire array retina. Nature, 2020,
581,278

Journal of Semiconductors doi: 10.1088/1674-4926/43/2/020203 3

[25]

[26]

[27]

[28]

[29]

Xu X, Chen J, Cai S, et al. A real-time wearable UV-radiation monit-
or based on a high-performance p-CuZnS/n-TiO, photodetector.
Adv Mater, 2018, 30, 1803165

Lei Y, Chen Y, Zhang R, et al. A fabrication process for flexible
single-crystal perovskite devices. Nature, 2020, 583, 7818

Wu D, Zhou H, Song Z, et al. Welding perovskite nanowires for
stable, sensitive, flexible photodetectors. ACS Nano, 2020, 14,
2777

Zhou H, Song Z, Grice CR, et al. Self-powered CsPbBr; nanowire
photodetector with a vertical structure. Nano Energy, 2018, 53,
880

Tian W, Min L, CaoF, Li L. Nested inverse opal perovskite toward su-
perior flexible and self-powered photodetection performance.
Adv Mater, 2020, 32, 1906974

Xiyan Pan got his BS (2016) and MS (2021) in
Hubei University. Now he is a PhD student at
University of Chinese Academy of Sciences un-
der the supervision of Prof. Liming Ding. His re-
search focuses on photodetectors.

Liming Ding got his PhD from University of Sci-
ence and Technology of China (was a joint stu-
dent at Changchun Institute of Applied Chem-
istry, CAS). He started his research on OSCs
and PLEDs in Olle Ingands Lab in 1998. Later
on, he worked at National Center for Polymer
Research, Wright-Patterson Air Force Base and
Argonne National Lab (USA). He joined Kon-
arka as a Senior Scientist in 2008. In 2010, he
joined National Center for Nanoscience and
Technology as a full professor. His research fo-
cuses on innovative materials and devices. He
is RSC Fellow, the nominator for Xplorer Prize,
and the Associate Editors for Science Bulletin
and Journal of Semiconductors.

XY Pan et al.: Application of metal halide perovskite photodetectors


http://dx.doi.org/10.1063/1.4975619
http://dx.doi.org/10.1063/1.4975619
http://dx.doi.org/10.1021/nl400349b
http://dx.doi.org/10.1002/adma.201705400
http://dx.doi.org/10.1002/adma.201705400
http://dx.doi.org/10.1021/acsnano.9b06345
http://dx.doi.org/10.1021/acsnano.9b06345
http://dx.doi.org/10.1002/adma.201707314
http://dx.doi.org/10.1002/adma.202102190
http://dx.doi.org/10.1007/s40820-021-00596-5
http://dx.doi.org/10.1007/s40820-021-00596-5
http://dx.doi.org/10.1038/s41598-017-00052-8
http://dx.doi.org/10.1038/s41598-017-00052-8
http://dx.doi.org/10.1038/srep30991
http://dx.doi.org/10.1038/srep30991
http://dx.doi.org/10.1038/s41598-017-11186-0
http://dx.doi.org/10.1049/ote2.12060
http://dx.doi.org/10.1049/ote2.12060
http://dx.doi.org/10.1002/adma.201803422
http://dx.doi.org/10.1002/adma.201900231
http://dx.doi.org/10.1002/adma.201900231
http://dx.doi.org/10.1038/s41586-020-2285-x
http://dx.doi.org/10.1038/s41586-020-2285-x
http://dx.doi.org/10.1002/adma.201803165
http://dx.doi.org/10.1038/s41586-020-2526-z
http://dx.doi.org/10.1021/acsnano.9b09315
http://dx.doi.org/10.1021/acsnano.9b09315
http://dx.doi.org/10.1016/j.nanoen.2018.09.040
http://dx.doi.org/10.1016/j.nanoen.2018.09.040
http://dx.doi.org/10.1002/adma.201906974
http://dx.doi.org/10.1063/1.4975619
http://dx.doi.org/10.1063/1.4975619
http://dx.doi.org/10.1021/nl400349b
http://dx.doi.org/10.1002/adma.201705400
http://dx.doi.org/10.1002/adma.201705400
http://dx.doi.org/10.1021/acsnano.9b06345
http://dx.doi.org/10.1021/acsnano.9b06345
http://dx.doi.org/10.1002/adma.201707314
http://dx.doi.org/10.1002/adma.202102190
http://dx.doi.org/10.1007/s40820-021-00596-5
http://dx.doi.org/10.1007/s40820-021-00596-5
http://dx.doi.org/10.1038/s41598-017-00052-8
http://dx.doi.org/10.1038/s41598-017-00052-8
http://dx.doi.org/10.1038/srep30991
http://dx.doi.org/10.1038/srep30991
http://dx.doi.org/10.1038/s41598-017-11186-0
http://dx.doi.org/10.1049/ote2.12060
http://dx.doi.org/10.1049/ote2.12060
http://dx.doi.org/10.1002/adma.201803422
http://dx.doi.org/10.1002/adma.201900231
http://dx.doi.org/10.1002/adma.201900231
http://dx.doi.org/10.1038/s41586-020-2285-x
http://dx.doi.org/10.1038/s41586-020-2285-x
http://dx.doi.org/10.1002/adma.201803165
http://dx.doi.org/10.1038/s41586-020-2526-z
http://dx.doi.org/10.1021/acsnano.9b09315
http://dx.doi.org/10.1021/acsnano.9b09315
http://dx.doi.org/10.1016/j.nanoen.2018.09.040
http://dx.doi.org/10.1016/j.nanoen.2018.09.040
http://dx.doi.org/10.1002/adma.201906974

	Aknowledgements

