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Perovskite photodetector-based single pixel color
camera for artificial vision
Chaohao Chen 1, Ziyuan Li 2,3 and Lan Fu 2✉

Abstract
Narrowband red, green, blue self-filtering perovskite photodetectors and a broadband white photodetector are
incorporated into a single pixel imaging camera to mimic the long-, medium-, and short-wavelength cone cells and
rod cells in human visual system, leading to the demonstration of high-resolution color images in diffuse mode.

In the past decade, there has been a fast development in
single pixel imaging, a powerful technique emerging as a
promising alternative to multipixel image sensors, such as
the silicon focal plane arrays (FPAs) featuring millions of
pixels. By using a single-pixel detector, in combination
with different modulation technologies and sampling
schemes, single-pixel imaging has shown great advan-
tages1,2 in terms of more flexibility in the choice of single
photodetector (PD) devices at wavelengths across the
whole electromagnetic spectrum, higher sensitivity and
faster speed, precise timing resolution, reduced data sto-
rage and data transfer requirements and system costs.
Indeed, since the proposal of the original idea of “Dual
Photography” by ref. 3 in 2005 and the first demonstration
of single-pixel imaging via compressive sampling by ref. 4

in 2008, a variety of single-pixel camera architectures1

have been demonstrated showing great potential for a
wide range of applications. In particular, there are lots of
research interests in developing infrared and THz single-
pixel imagers (where focal plane detector arrays are
unavailable or extremely expensive), and time-resolved
imaging for 3D imaging and LiDAR applications2.

Conventional charge-coupled device (CCD) and
complementary-metal-oxide-semiconductor (CMOS)
image sensors are mature technologies that offer high
resolution, fast imaging, and smart functionalities at
relatively low cost, satisfying many applications in the
visible wavelengths. However, for such point-to-point
imaging technique, bulky optical components including
lenses and bandpass filters are often requested to achieve
color recognition. This, together with the inherent lim-
itations in material properties of silicon, such as fixed
bandgap and poor mechanical properties, making them
less ideal for applications in artificial vision. Recently, in
parallel to their significant progress in the field of pho-
tovoltaics, organic-inorganic halide perovskite materials
and nanostructures have also attracted much interest for
applications in color imaging and bionic visual con-
struction5–7, owing to their large absorption coefficient,
high mobility, low binding energy, and flexibility in
adjusting chemical properties and thus bandgap energy.
However, so far the reported perovskite imaging systems
normally require complex manufacturing procedures and
operation in the monochrome transmission mode under
direct illumination due to low signal responses, making it
challenging to match the performance and functionalities
to the human eyesight. There are still urgent needs to
develop new photodetector materials and structures, as
well as imaging technologies and strategies to achieve
high performance artificial vision systems.
Now, writing in this issue of Light: Science & Applica-

tions, Liu et al. at the Jinan University, China report a new
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perovskite photodetector-based single pixel imaging sys-
tem8. By mimicking the long-, medium-, and short-
wavelength cone cells and rod cell of human vision system
using a set of red (R), green (G), and blue (B) self-filtering
narrowband perovskite PDs, and a broadband white (W)
PD, high-resolution (up to 256 × 256 pixels) single-pixel
color imaging in diffusion mode has been achieved.
In the work presented here, the researchers propose

filter-free integrated imaging PDs with highly selective
responses to different wavelengths, similar to cones in
the retina in the human visual system8. As the bandgap
of metal halide perovskites can be easily adjusted by
changing the composition of the halogen element (I, Br,
Cl)9, the research team has developed a self-filtering
strategy to achieve multi-color narrowband perovskite
PDs. As schematically illustrated in Fig. 1, the per-
ovskite PDs consists of two spin-coated perovskite
layers, one as a perovskite filter layer (PFL), with shorter
wavelength absorption against the other perovskite
photodetector layer (PPL) with longer wavelength
absorption. With the proper bandgap matching and
thus absorption spectra overlapping, the detector is able
to generate narrowband photoresponse to red, green
and blue color, respectively. The PPLs are incorporated
between a SnO2 electron transport layer and an Au
electrode to form a SnO2/perovskite heterojunction,
facilitating efficient photocarrier collection with
reduced recombination, fast response time, and zero-
bias operation.
Furthermore, to mimic rod cells which have higher

sensitivity than the cone cells, a red perovskite PD
(MAPbI2.1Br0.9) without a filter layer was also fabricated
next to the RGB PDs, as the white photodetector. Similar
to the performance of the rod cells, this white PD
exhibits a broader spectral response and better photo-
detection performance than the RGB PDs. Such a design
forms a key element to enhance the imaging capability of
the perovskite-based color camera under weak light
environments.

Based on above, Liu et al. demonstrated the high-
resolution perovskite PD-based color camera based on the
single pixel imaging technique, as shown in Fig. 1, using
predesigned pattern illumination and subsequent image
reconstruction algorithm. The red, green, and blue PDs
were adopted to provide the monochromatic images,
respectively. Combining information from the mono-
chromatic images into the color image enables the gen-
eration of a detailed image when the RGB PDs were
exposed to adequate light (>20 μW/cm2); while with the
assistance of the white PD and color/white image fusion
using a simple image overlay method, color imaging
capability was further demonstrated under weak illumi-
nation intensity (to around 5.4 μW/cm2).
This article provides a new perspective for exploration

of new materials and strategies for the development of
next generation high performance imaging camera tech-
nology. By adopting this approach, with complementary
material systems and novel structures, such as III-V
semiconductors10, 2-D materials11, and metasurfaces12,
we are a step closer to mimicking of the sophisticated
biological eyes that are not only sensitive to the visible
light, but also to the infrared, and THz wavelengths, with
associated polarization and phase information.
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Fig. 1 A human vision inspired perovskite-based color imaging system. Schematic of the human vision inspired perovskite-based color imaging
system consisting of predesigned pattern illumination, RGBW perovskite PDs, and Fourier imaging algorithm

Chen et al. Light: Science & Applications           (2023) 12:77 Page 2 of 3



2. Gibson, G. M., Johnson, S. D. & Padgett, M. J. Single-pixel imaging 12 years on:
a review. Opt. Express 28, 28190–28208 (2020).

3. Sen, P. et al. Dual photography. ACM Trans. Graph. 24, 745–755 (2005).
4. Duarte, M. F. et al. Single-pixel imaging via compressive sampling. IEEE Signal

Process. Mag. 25, 83–91 (2008).
5. Xue, J. et al. Narrowband perovskite photodetector-based image array for

potential application in artificial vision. Nano Lett. 18, 7628–7634 (2018).
6. Gu, L. L. et al. A biomimetic eye with a hemispherical perovskite nanowire

array retina. Nature 581, 278–282 (2020).
7. Ji, Z. et al. Perovskite wide-angle field-of-view camera. Adv. Mater. 34, 2206957

(2022).

8. Liu, Y. J. et al. Perovskite-based color camera inspired by human visual cells.
Light Sci. Appl. 12, 43 (2023).

9. Fang, Y. J. et al. Highly narrowband perovskite single-crystal photo-
detectors enabled by surface-charge recombination. Nat. Photonics 9,
679–686 (2015).

10. Li, Z. Y. et al. Broadband GaAsSb nanowire array photodetectors for filter-free
multispectral imaging. Nano Lett. 21, 7388–7395 (2021).

11. Li, G. X. et al. Single-pixel camera with one graphene photodetector. Opt.
Express 24, 400–408 (2016).

12. Neshev, D. N. & Miroshnichenko, A. E. Enabling smart vision with metasurfaces.
Nat. Photonics 17, 26–35 (2023).

Chen et al. Light: Science & Applications           (2023) 12:77 Page 3 of 3


	Perovskite photodetector-based single pixel color camera for artificial vision
	Acknowledgements




