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Industry research: By conducting interviews with relevant companies, consumers, and industry experts, we aim to

understand the demand, trends, and scale of the market.,

Data analysis: By collecting, organizing, and analyzing market data, including market size, growth rate, pricing trends,

consumer preferences, and more, we aim to understand the current status and development trends of the market.

Competitive analysis: By analyzing information such as competitor's products, prices, and market share, we aim to

understand the competitive landscape in the market and our own strengths and weaknesses.

Technical analysis: By evaluating the technical requirements and development trends of the market, including the
advantages and disadvantages of single photon detector technology characteristics, we aim to gain insights into the

market's direction.

Regional analysis: By understanding factors such as local consumer demands and policy environments, we aim to identify

regional differences in markets and potential for development,
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Single photon detector is a highly sensitive photodetector that can detect individual photons. It can count single
photons, achieve detection of extremely weak target signals, and has wide applications in fields such as optical

gquantum information technology, eye-safe laser radar, and characterization of photon sources.

There is not only one classification method for SPD. According to the time of product technology appearance, it can
be divided into traditional SPD and new SPD. For example, photomultiplier tube and avalanche detector are
traditional SPDs, while Superconducting Nanowire Single-Photon Detector is a new type of SPD with significant
breakthroughs in photon detection efficiency, dark count rate and other aspects. According to different working
principles/materials, it can be divided into semiconductor SPD and superconducting SPD. For instance, PMT is a

semiconductor-based SPD while SNSPD is a superconducting-based one.
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Single photon detectors can be classified into the following categories based on their materials and

working principles:

Single Photon Detector (SPD)

Semiconductor Single Photon

Detector

FPhotomultiplier
Tube (PMT)

Single Photon Avalanche
Diode (SPAD)

} [Quantum Dot Single Photon

—

Detector (QD-SPD)

{

Other (Up-conversion Single
Fhoton Detector UCSPD)

PMT is a type of vacuum
tube that converts photons
into electrons through the
photoelectric effect, and
then amplifies the electron
signal through a
multiplication process.

SPAD is a type of photodiode
with internal gain. Its working
principle is that under reverse
bias, when photons are
absorbed, electron-hole pairs
are generated. These carriers
are accelerated under high
electric field, triggering
avalanche effect and further
generating more carriers.
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(Quantum dots are nanoc-scale
semiconductors. By applying a
certain electric field or light
pressure to this nanoscale
semiconductor material, they emit
light at specific frequencies. The
frequency of emitted light changes
with the size of this semiconductor,
s0 by adjusting the size of this
nanoscale semiconductor, its

emitted light color can be controlled.

Superconducting Nanowire Single
Photon Detector (SNSFD)

SNSFD is a detector based on ultra-
thin superconducting materials.
The basic principle of SNSPD is
that when a photon is absorbed
by the superconducting nanowire,
there will be a resistive local non-
equilibrium point "hot-spot”,
which leads to voltage pulse
signals at both ends of the
superconducting nanowire. Single
photon detection is achieved
through photoelectric conversion.

Transition Edge Sensor (TES)
Detector

TES detector is an advanced
incoherent radiation detection
technology based on the edge
detection of superconductive
transition. Its working principle is
highly sensitive to the heat
generated by weak radiation in
the superconductive transition
interval of the detector's
resistance, and can be used to
detect electromagnetic radiation
signals from millimeter sub-
millimeter waves, terahertz,
infrared, visible light, up to X-rays
in a wide frequency domain.

Other (Superconducting Tunnel |
Junction Detector STJ)
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Single-photon detection is essential for Quantum information Science and Technology. The paramount goal is to
approach 100% detection efficiency. Other performance characteristics of detectors, such as latency, timing jitter,
maximum count rate, and the presence of afterpulsing may be just as important for practical guantum networks, but

may be application-specific. In some cases, the ability to resolve the number of photons in a pulse may be crucial.

The Main Performance Parameters for

Measuring SPD
[ ] 1
[System detection efficiency {SDEJJ Dark Counts [Count Rate/Dead T‘ime] [_Photosensitive Area Size_] Other Factors
SDE refers to the ratio of the detector’s light Dark counts refer to counts caused by Count rate, also known as maximum count The photosensitive area refers to the Photon counting resolution, photon
response count M to the total number of sources other than signal light, including rate (MCR), refers to the maximum number effective photosensitive region where energy (light frequency) resolution
photons N input into the optical detection environmental stray light and electrical of output responses that a detector can photon detection can be performed by a ability, spectral response range, presence
system. noise, produce per second. device, also known as an active area. or absence of afterpulsing, signal-to-noise
ratio of output signals, working
temperature.

100% system detection efficiency with zero
dead time and jitter. It should also have
photon counting resolution and photon
energy resolution.
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Detector| Operation Effective | Wavelength Syster_n.detectmn Dark count Timing Dead |[Max. count
type |temperature/K| area/mm | range/pm SildEnt/@ rate/Hz jitter/ps | time/ns | rate/MHz
wavelength/ (%@pm)
PMT 300 D5 0.2—1 50@0.5 100 300 50 10
_ o 3@1.5
IR-PMT 200 d1.6 1—1.7 60@650 200000 300 50 10
- B - 80@0.8
SI-SPAD 250 ®0.05--3 0.5—1.0 10@1.0 2000 50 100 10
'“gSAAS 200 ®0.05 0.9—1.7 2555@1 . 2000 150  10—100 10—500
SNSPD 1—4 @0.015--0.1 0.2--9.9 80@03_1 : 100 50 50 20—500
TES 0.1 0.02%0.02 M'w;ﬁveeter 05@0.85—1.5 0 10°—105 1000  0.1—1

Sources: ICV TAnK
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Semiconductor-type single-photon detectors have advantages such as high operating temperature, fast response
speed and low dark counts. However, their guantum efficiency and time resolution are limited by factors such as

material intrinsic bandgap and carrier recombination.

Superconductor-type single-photon detectors have advantages such as high quantum efficiency, excellent time
resolution and extremely low dark counts. However, due to their extremely low operating temperature of

approximately 4K, these systems necessitate complex cryogenic cooling.

In particular, the main difference between single photon detectors in the near-infrared band and superconducting
nanowire single photon detectors lies in their working principles and performance characteristics. Near-infrared single
photon detectors are typically based on semiconductor devices, while superconducting nanowire single photon
detectors use the properties of superconductive materials to achieve high resolution, count rate, and low dark count

rates. However, they can only detect photons between visible light and near-infrared wavelengths.
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Global Market Size Forecast Market Share - by Region

$1,269
$986
| | | | u SNSPD B Photomultiplier Tube
Avalanche Detector Transition Edge Sensor
2021 2022 2023E 2024 2025 2026E B Quantum Dot Single Photon Detector m Others

The market of SPD will worth $986 million in 2023, it was The market size of SPD in 2023 mainly comes from
estimated to grow to $1269 million in 2026, resulting at SNSPD, PMT and SPAD, with market shares of 44.6%,
a 6-year CAGR of 9.43%. 18.1% and 16.8% respectively.
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Global Market Overview

Market Share - by Region

North America
42.3%

Europe
20.6%

m North America W Europe
Asia Pacific (Excluding China) South America
® China ® Others
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North America is an important market for single photon detectors,
mainly driven by quantum information technology and laser
radar technology. There are some leading manufacturers of
single photon detectors in North America, such Thorlabs, as well
as research institutions and government departments such as the
National Institute of Standards and Technology (NIST) and NASA.
It is expected that the market share of single photon detectors in
North America will reach 42.3% by 2023.

Asia is a rapidly growing market for single photon detectors,
mainly driven by investment and innovation in quantum
information technology, laser radar technology, and biomedical
fields by countries such as China, Japan, South Korea etc. Itis
expected that the market share of single photon detectors in Asia
will reach 19.8% by 2023.
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Market Size Forecast - China

Market Size Forecast - North America

$556
$155
$417
: l l l l l l
2021 2022 2023k 2024E 2025E 2026E 2021 2022 2023E 2024E 2025E 2026E

The market of SPD in China was worth $67 million in

2022, it was estimated to grow to $155 million in 2026,
resulting at a 6-year CAGR of 18.15%.

The North America market was the Top largest segment,
it was worth $368 million in 2022 and is estimated to

increase to $556 million in 2026, with a 6-year CAGR of
9.53%.
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Size of Segmented Market
Global SPD Market Size by Temperature

100mK-2.5K
40.0%

Room Temperature
31.9%

® Room Temperature m ) 5K-Room Temperature 100mK-2.5K Below 100mK
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Global SPD Market Size by Application

|

Quantum
Computing
26.9%
Quantum

Communication
21.9%

B Quantum Computing ® Quantum Communication  Biomedical

Optical Computing ® [iDAR m Other Applications
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Semiconductor SPD Market Size Forecast Superconductor SPD Market Size Forecast

$581 $587

$480
| | | | |

2021 2022 2023E 2024E 2025E 2026E 2021 2022 2023E 2024E 2025E 2026E
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Competitive Landscape

PMT Revenue Share by Vendor

Hamamatsu
Photonics
90.00%

Others
10%

B Hamamatsu Photonics m Others
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SPAD Revenue Share by Vendor

Hamamatsu
Photonics
65.51%

Others
20.00%

B Hamamatsu Photonics m Others LUNA First Sensor
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QT-SPD Revenue Share by Vendor SPAD Revenue Share by Vendor

Nanoco ID Quantique

/70.00% 06.6%
Others Single Quantum
30% 25.00%

= Nanoco m Others ® |D Quantigue ® Single Quantum Photon Spot Others ® Photon Technology
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SNSPD technology advancements include improving the quality and uniformity of nanowire manufacturing, increasing
guantity and arrangement, optimizing geometric shape and size, improving readout circuits and signal processing to

improve detection efficiency, speed, bandwidth, sensitivity and other performance indicators.

QD-SPD technology advancements include improving the quality and uniformity of quantum dots, increasing their
quantity and density, optimizing material structure, improving excitation and readout methods to improve detection
efficiency, stability reliability and other performance indicators. These technological advancements have enabled QD-

SPDs to effectively detect low-intensity signals from biological samples or other sources in medical imaging.

TES technology advancements mainly involve improving the quality and uniformity of superconducting films; increasing
their area and thickness; optimizing material composition and structure; enhancing cooling systems for improved
detection efficiency noise resolution among other performance indicators. These technological advancements have

enabled TES-SPDs to effectively detect distant or dark field signals in astronomical observations.
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Quantum information and communication: Quantum information and communication is an emerging field that utilizes
the principles of quantum mechanics for information processing and transmission, with advantages such as ultra-high
speed, ultra-high security, and ultra-high capacity. Single photon detectors are one of the core components of guantum
information and communication, which can achieve precise reading and operation of quantum bits (qubits), thereby
realizing functions such as guantum computing, quantum key distribution, and quantum networks. With the
development of quantum information and communication technology, the market demand for single photon detectors

will also increase.

Medicalimaging and biological detection: Medical imaging and biological detection refer to the use of optical methods
to image or analyze human or biological samples, with advantages such as non-invasiveness, high resolution, high
sensitivity etc. Single photon detectors can be used to effectively detect low-intensity signals or dark-field signals in order
to improve the quality and efficiency of medical imaging and biological detection. With advances in medical imaging

and biological detection technology, there will also be an increasing market demand for single photon detectors.
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The opinions expressed in this report strive to be independent and objective, and do not constitute any advertisement.

The data in this report are mainly public information, as well as the collation of public data.

The copyright of this report is owned by ICV TANK. Any other form of use or dissemination, including but not limited to
publications, websites, public accounts or personal use of the content of this report, needs to indicate the source.

When using the content of this report, any quotation, deletion and tampering against the original intention of this report
shall not be carried out. Without written permission, any institution or individual shall not reproduce, reproduce or publish in
any form. If consent is obtained for quoting, reprinting, and publishing, it must be within the scope of permission. Those who
use this report in violation of requlations shall bear corresponding legal responsibilities.

The purpose of citing data, events and opinions in this report is to collect and summarize information, and it does not mean
that we agree with all of their opinions, and we are not responsible for their authenticity.

This report involves dynamic data, expresses the situation as of the time of publishing, and does not represent the future
situation.

The information or opinions expressed in this report do not constitute investment advice, please refer with caution.

For other questions, please contact infer@icvtank.com.

Copyright 2023 by ICV TANK.
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.



ICV TANK
Contact Us

& Knowledgebase

At ICV, we are passionately curious about new technologies and strive to deliver the most

robust market data and insights to help our customers make informed strategic decisions.

We bring together deep intelligence across a wide range of capital-intensive industries and
markets. By connecting data across variables, our analysts and industry specialists present

our customers with a comprehensive view of their world.

This is the benefit of the new intelligence. We are able to isolate cause and effect, risk and
opportunity in new ways that empower our customers to make well-informed decisions with \

greater confidence.

Q 5250 Fairwind Dr. Mississauga, Ontario, L5R 3H4, Canada
O (+1) 929 530 5901
infer@icvtank.com
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