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Fig.5 Large frequency acceptance bandwidth in spectrum transducing detection based on different methods. (a) Chirped quasi-phase matching crystal;

(b) A group of multi-crystals with different cutting angles

20230165-5



ISk A2

%54

www.irla.cn

% 52 %

gty 7PN & 5(b) iR ); M. Mrejen 5 A SEEE T 5
Tk 22 P 1Y) Th 21 A M EMR BB S RS AR
3.1.4 =AW R

Xof 45 K6 ' 1 i PRG0S B 4 ) 5 i
FAURBR AR . 23 (8] 5 35 20 52 B A AR i 1) R
SRR VG BE R AL . 7E SR R ST 1 1 B0, B9
23 ()7 i 19 0 2 - B R 5 R A7 UG i R 8K . 184 A
V2 VG G bR B30T T A SR AR R/ IN 1) 25 22 B BRIV 384 o 23 ]

PPLN k
Yo
i
k k,
k . =
P i k,
e -’. \) 7
k, ky
()
k,
CPLN S
K,
k, v
-
b, hm s Tl o=
B k
&5 =-" I 1 0
k, k,

32 SEEBRMNNEENAFHR

e S AT o AT ) L R — oA Y
I TB, 5 R, LR T SR A 1 B
FEARM #8 A RE R IR — E ML E . B i A I
WS AR )z, T SO WSS TE B E R
FORFNTE 2 WO I (A LR RN 7 T ) 9 8z H

PN

Angle/(°)

Angle/(°)

UL, 5 HE I A GEAR AL, S et A A i B A
FEVEDI SEIE A R W KR A AR 2R AR
PCREES Bk R A 45 2018 4, R. Demur 55 A i
o VT S, AH X TR A AR, M AR T
3IMEZ, ARG R ST 10 517 2022 47, ZLT0H
WA AR 7 =K, 8 T A ST L A T 2L A B S
T 2 30° RSB UG F (U 6 Jr)Bel,

-10 0
Angle/(°)

10

-10 0
Angle/(°)

P 6 HET WAL AL it A S BRI RS USSR (81 7 R IR 225 3K [36])
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Progresses in infrared detection based on

spectrum transducing (invited)

Zhou Zhiyuan, Shi Baosen®
(CAS Key Laboratory of Quantum Information, University of Science and Technology of China, Hefei 230026, China)

Abstract:

Significance In this paper, spectrum transducing detection of infrared light with silicon detectors is systematic
reviewed. Traditional infrared detection is based on semiconductor photonic detectors, such as AsGaln and
HgCdTe. These detectors have low detection sensitivities and relatively high noise at room temperature, and deep
cooling is required to get better sensitivity. While the detection performances of silicon detectors are much better
than those of the infrared detectors. Therefore, an effective method to detect infrared light is to transfer the
wavelength of the infrared light to the detection window of silicon detector. Based on this principle, spectrum
transducing detection of infrared light with silicon detectors is developed by using frequency up-conversion via
sum frequency generation. This new detection scheme has the potential to offer single photon detection sensitivity
at room temperature, which is very promising to be used in remote sensing at infrared regime.

Progress The main progress for spectrum transducing detection of infrared light can be divided into two groups.
The first group is aimed at improving the key parameters in frequency conversion, which are quantum efficiency,
noise, frequency bandwidth and spatial bandwidth. The conversion efficiency in frequency transducing can be
enhanced by using cavity and waveguide (Fig.4), both configurations are demonstrated to achieve near unity
internal conversion efficiencies; Noise in frequency conversion is mainly caused by spontaneous Raman
scattering and parametric down conversion of strong pump beam, which can be measured at different pump
configuration, and some effective methods can be used to sufficiently reduce the noise. These methods include:
long wavelength pump laser, narrow band filters and reduction of the operation temperature of the nonlinear
crystals. The frequency bandwidth is strongly dependent on the phase matching conditions, therefore effective
methods such as chirped poling and multi-angle cut crystal can be used to enhance the frequency bandwidth in
frequency conversion (Fig.5). The spatial bandwidth is dependent on crystal dimensions and phase matching,
crystals with large optical aperture and large phase matching angles are preferred for spectrum transducing

detection of image with large field of view, about 30 degree field of view is realized in mid-infrared up-
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conversion based on chirped PPLN crystal (Fig.6). The second groups of progresses aimed at applications of the
spectrum transducing detection in different fields, these fields are: single photon detection at mid-infrared regime
and quantum frequency interface (Fig.7) for applications in quantum information processing; classical optical
imaging such as large field of view and high frame rate imaging in the mid-infrared regime, phase contrast
imaging (Fig.8) and spectrum analysis for material sciences.
Conclusions and Prospects For the mutual restrictions between different key parameters in spectrum transducing
detection, one need to balance between different parameters for specific applications. Though the performance of
spectrum transducing detection at the near infrared regime is high enough for some mentioned applications, the
performances at mid-infrared is still not satisfied for typical applications, great efforts should be taken to improve
the performance at this wavelength regime. For imaging detection based on spectrum transducing plane detectors,
most studies are focused on coherent illumination, many key problems for illuminating with large bandwidth
incoherent blackbody radiations are still not solved yet. In summaries, there are still opportunities for researches
inspectrum transducing detection, these opportunities are: (1) to extending quantum optics and quantum
spectroscopy to mid-infrared regime; (2) by combining spectrum transducing in interferometers to realize
detection of infrared signal with undetected photons and optical phase amplification; (3) to transduce all other
spectrums to the detection windows of silicon detectors and greatly reducing the detection complexity in large
optical systems.
Key words: infrared detection;  spectrum transducing;  quantum efficiency;  noise;
frequency bandwidth;  field of view
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