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Research progress of ultra-broadband photodetectors

LIU Yu', LIN Zhi-Cheng', WANG Peng-Fei', HUANG Feng"", SUN Jia-Lin’
(1. School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350000, Chinaj;
2. Department of Physics, Tsinghua University, Beijing 100084, China)

Abstract: Photodetectors play a key role in many applications, such as remote sensing, night vision, reconnaissance,
medical imaging, thermal imaging, and chemical detection. With the increasing complexity of photoelectric detection
tasks, photodetectors working in different bands are gradually integrated into broad spectral detection for the same
scene. Limited by the volume and task module of the integrated system, conventional broad spectral detection tasks of-
ten require multiple detectors working in different bands to perform together, which greatly increases the complexity of
detection system. Therefore, photodetector enabling to response ultra-broadband radiation (UV-vis-IR-THz) has gradu-
ally become a subject of great interest in recent years. However, there have been no reports on the review of ultra-broad-
band photodetectors so far. Hence, this review systematically summarizes the research progresses of ultra-broadband
photodetectors in the past ten years. The factors affecting the response performance of photodetectors and the main types
of common photodetectors are described first, and then the research progress, development status and challenges are re-
viewed and suggestions about the future research directions of ultra-broadband photodetectors are also provided.

Key words: ultra-broadband, photodetector, response performance, device type
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Fig. 1 Principle schematic diagrams of (a) BE PD, (b) PTE PD, (c¢) PCE PD, (d) PVE PD and (e) PGE PD
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Fig. 2 (a) The left figures show the schematic diagram of suspended rGO photodetector and the optical images of samples after
heat treatments under different temperature, the right figure shows the response characteristics of the suspended rGO photodetector
at different annealing temperatures, (b) the left figures are the structure diagrams of a millimeter-lever CNT film photodetector and
a micron-level CNT film photodetector, the right figures are the response curves of millimeter device and micron device in air and

vacuum respectively
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(a) The PCE photodetector based on EuSbTe, and its response current curve, (b) the schematic diagram based on EuBiTe,

photodetector and its response current curve, (c) the schematic diagram of SnSe/PET photodetector structure and its response current,

(d) one-dimensional CDS,Se, , micro-nano-structure photodetector based on multi-component alloy and its response current curve
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(a) UB-PD based on vertically arranged PtSe,-GaAs heterojunction, and its spectral response, (b) heterojunction PD of

multilayer PtSe, and CS-doped FAPbL,, and its spectral response, (¢) PD based on Ws,/GaAs II van der Waals heterojunction, and

its spectral response, (d) heterojunction PD constructed by coating an ultra-thin molybdenum oxide (MoO, ) hole-selective layer

on the N-type Si layered structure, and its spectral response, (e) PD based on Schottky junction of AgNW/Si, and its spectral re-

sponse, (f) UB-PD based on MAPbIL, and organic BHJ solution treatment, and its spectral response
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Table 1 Summary of UB-PD with excellent performance in recent ten years

M i EE LA W

FEARMR [ em Hz'"?

(ndEE St FhRE . . W 1o ) W 4
(VW] w']
BE CNT™! 0.58 N/A 150 ps 375 nm~118. 8 pm
3D GF* 10° N/A 43 ms 300 nm~1. 36 mm
PTE Pd/CNT/Ti"*" (157.9) 5x10° 7 ms 375 nm~118. 8 pm
NbS, (1) 17.6 x 10° 7 ms 375 nm~118. 8 um
PCE NaYF,:Yb, Er QDs/a—CsPbl, QDs"* L5 N/A 5ms 260 nm~1100 nm
CdS Se, [V 5. 8x10" 2x10" 13 ms 200 nm~800 nm
p=Si/CQD,rGO, AgNP'*!! 1 2% 10" N/A 360 nm~980 nm
TI Bi2Te3-Si'®’ 1 2.5% 10" 100 ms 370. 6 nm~118 pm
PVE PiSe,/Si' 12. 65 2.5x10" 19.5 ps 200 nm~1 550 nm
(MoO,_ /8" N/A 6.29 x 10" 1 ps 300 nm~1 100 nm
MAPbL/BH] " 0.43 2.3x 10" 5.6ns 300 nm~1 000 nm
CH,NH,PbL,_Clx/ , »
PGE PEDOT. pSal®! 10 10 N/A 350 nm~1 100 nm
HARE 1T-TaS, 1 N/A 1.5ns 532 nm~118. 8 pm
PCE+BE CH,NH,PbL,""’ 100 32x 10° 76 ns 400 nm~118 pm




184 48 5 2 0K B 2 42 %

3

¥, Ultra-broadband
A"

06
601 Lo.s
_ ey Lo.a %
T 404 =
z 03 g‘
g 391 e
5 Lo2
20- 2
uv Vis o g
IR 10+ (o1 &
THz

1000 10000 100000
Wavelength (nm)

|
1
|
\
7

- -
=]

oA
\
\
\
|
—

Current (mA)

~ ©® ©
1
L
1
!
i G
A
L
|
|
oo
23

(b)

<

04 08 12 1620
Wavelength (pum)

10 < & 10

1000
Wavelength (nm)
(c) (d)

K9 (a)%ET PMN-28PT HL i AORARE A B LRI G , B LR PR RERAE , (b) 2 T 1 T-TaS, B HLERIN A% , S OHAS P
REZRAE, (c)P(VDF-TrFE) 5 MoS, IR A 1B 25 4544 PD, R Han R BESRAE , (o) 3T CH NH,PbI # 5 i) UV-THz BUHLHDE A
TRIES , B AR PERERAE
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