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Figure 1 (Color online) Schematic of the characterization system of
THz single photon detector.
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Figure 2 (Color online) Schematics of (a) SET and (b) quantum dot
detector.
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Figure 3 (Color online) (a) The outer ring and inner core formed in
quantum dot under strong magnetic field; (b) the shift of conductance
resonance peak caused by the change of potential.
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Figure 4 (a) Schematic of double quantum dot detectors; (b) diagram
of the photon absorption and electron transition; (c) shift of conductance
resonance caused by a single photoexcitation event. Reprinted with
permission from ref. [27]. Copyright 2002 AIP Publishing LLC.
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Figure 5 (Color online) (a) Readout circuit scheme of QDD; (b)
results of four different readout schemes. The first three use low-pass
filters with cut-off frequencies (f;) of 30, 10, 1 kHz, respectively, and the
fourth uses a lock-in amplifier. (¢) Conductance-time trace of single
quantum dot detector. Adapted with permission: (a), (b) form ref. [57];
and (c) from ref. [28].
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Figure 6 (Color online) (a) Schematic of CSIP; (b) optical micro-
graph of CSIP; (c) heterostructure with GaAs/AlGaAs double quantum
wells (left) and the corresponding conduction-band diagram (right).
Reprinted with permission from ref. [41]. Copyright 2013 AIP
Publishing LLC.
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Figure 7 (Color online) Schematic (a) and microscopic image (b) of
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structure with double quantum wells (c) and the corresponding
conduction-band diagram (d). Adapted with permission from ref. [58].
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Figure 8 (Color online) (a) Time traces of the CSIP current responses
with different incident photon fluxes; (b) the magnified time trace for
the lowest photon flux; (c) the current response signals along with the

reset operation. Reprinted with permission from ref. [41]. Copyright
2013 AIP Publishing LLC.
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Figure 9 (Color online) (a) Schematic of SCB; (b) relationship
between normalized energy and the number of excess Cooper pairs on
the superconducting island (£5=0), when n,~0.5; (c) energy diagram
using the two-level approximation (solid line). The dashed line shows
the energy level diagrams of #=0 and n=1, when E;=0, in (b). They cross
at n,~0.5. (d) The relationship between quantum capacitance of SCB
and gate voltage.
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Figure 11 (Color online) The time traces of the variances of QCD
responses under the illumination power level of 1.13x107' W (a) and
4.1x107" W (b), the peaks are marked with red circles; (c) histogram of
time intervals between photon arrival events for two different
illumination levels. The solid lines are exponential fits based on
Possion distribution that yield the photon rates. (d) Measured
probability of having an integer number of photons within a 36 ms
interval (circles) and the corresponding calculation results from Poisson
statistics (solid lines). Adapted with permission from ref. [50].
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Figure 12 (Color online) (a) Schematic diagram of nanometer
calorimeter readout circuit; (b) micrograph of nanobolometer; (c)
micrograph of Josephson parametric amplifier (JPA). Adapted from ref.
[71] under the terms of the Creative Commons Attribution 4.0 License.
With copyright permission.
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Figure 13 (Color online) (a) The diagram of the proximity SQUID
radiation detector; (b) the Josephson energy diagram (in arbitrary units)
before (solid curve) and after (dashed curve) photon absorption.
Adapted with permission from ref. [75].
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Terahertz single photon detectors
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' Research Institute of Superconductor Electronics (RISE), School of Electronic Science and Engineering, Nanjing University,
Nanjing 210023, China;
* Purple Mountain Laboratories, Nanjing 211111, China

Terahertz detection plays an increasingly important role in various fields, such as astronomy, national defense, security
checking, and biotechnology. With the development of technology, the sensitivity of terahertz detectors is continuously
improving, and the detection of terahertz single photons has been demonstrated in recent years. In the terahertz band,
owing to the low photon energy of terahertz photons and serious transmission losses in the atmosphere, research and
development on terahertz single-photon detectors have faced significant technical challenges. In this article, we first
introduce the operating mechanisms, main performance indicators, and measurement systems for terahertz single-photon
detectors and identify the basic requirements for realizing terahertz single-photon detection. We then introduce several
terahertz single-photon detectors, including semiconductor quantum dot, semiconductor quantum well, and super-
conducting quantum capacitance detectors. The history of the development, operating mechanisms, and key indicators of
these terahertz single-photon detectors is also summarized. Noise equivalent power of the order of 10" W/Hz'"? has been
achieved using semiconductor quantum dot and quantum well detectors. Although both these have a large current
response and dynamic range, their quantum efficiency is low. Superconducting quantum capacitance detectors have
achieved single-photon detection at 1.5 THz with a noise equivalent power better than 10>° W/Hz'"* and detection
efficiency up to 90%. In addition, some terahertz detectors such as nanobolometers have shown potential for terahertz
single-photon detection, and we introduce the operating mechanism and development status of these devices as well. We
also analyze the prospects of terahertz single-photon detectors for applications in terahertz imaging, astronomical
observations, and quantum information technology, highlighting some major international research projects and reported
examples of such applications. We further summarize the advantages of terahertz single-photon detectors for these
applications. Finally, we review the performance of terahertz single-photon detectors and discuss future development
trends.

terahertz, single photon detector, quantum dot, charge sensitive infrared phototransistor, quantum capacitance
PACS: 87.50.U-, 78.67.-n, 84.40.-x, 71.55.Eq, 78.20.-¢
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