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Cryocooler, Temperature & Application
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Low Temperature Thermostats
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Note: So far, dilution refrigerators are the best solution for maintaining ultra-low temperature environments for quantum computing (QC);
All cryocoolers capable of operating below 4K can replace the consumption of liquid “He as a thermal bath for pre-cooling the entire system to 4K
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DR in Various Temperature
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Resource: Low-temperature environments for guantum computation and quantum simulation, Hailong Fu et al, 2021 Chinese Phys. B 30 020702

Note: Quantum Simulation experiments have been reported in systems with green color background
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This report covers dry and wet Dilution Refrigerators (DR) in Dilution Refrigerator mainly divided into 2 types:
the temperature range of 4K to below 10mK. Cryogen-Free Cryogen Free Dilution Refrigerator (CFDR)
Dilution Refrigerator (CFDR also called Dry DR) based on pulse &

. Wet Dilution Refrigerator (WDR)
tube technology, Wet DR mainly use at the extremes of

vibration sensitive applications, such as Scanning Tunneling

Microscope. Dilution Refrigerators Type

Compared with other mK very low temperature (VLT) zone
refrigerators (adiabatic demagnetization refrigerator and
sorption cooler), DR can work continuously for langer time,
with the advantages of simple operation, no vibration and
electromagnetic interference, stable performance, etc.,
widely used in condensed-matter, guantum computing, Cryogen

' ' i Wet Dilution
nuclear physics and astronomical observation. Free Dilution

Refrigerator

Refrigerator
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Type of Cryocoolers Applications

Quantum Computing, Solid-state Physics, Materials Research, Nuclear Physics,
Dilution Refrigerators 4.1mK-100mK Ultra
Ground-Based Research in Cryogenics

Adiabatic Demagnetising Refrigerators | 20mK-100mK Space Applications, Ground Experiments
olid State Refrigerators 100mK-300mK | Microcalorimetric Detectors in Space, Cryogenics, Cryobiology and Cryomedicine

Absorption Chillers 220mK-800mK Space Applications, Ground Experiments, Spherical Loads Experiments

Large Infrared Space Telescopes, Superconducting Detectors for Astrophysics,

Joule-Thomson Refrigerators 1.68K-15K Quantum Applications
Cifford-McMahon Coolers 9 5K-120K Cool for ngh—Temperature Supercqnductmg (HTS) I\/Ia'gnets, Custom Cryostat
Design, Low-Noise Amplifiers (LNA) for Radioastronomy
S , ) Space, Underground, Underwater, Special
Stirling-Type Pulse Tube Refrigerators 15K-100K workface where Room is Extremely Limited
Low Temperature Thermostats ABove 30K Foodpreservation, Agriculture, Vaccine Storages, Medicalservices, Cooling of

Electronic Devices, Quantum Imaging (SPNSPD)

Sources: companies’ official website, ICV TANK
Note: TK=1000mK; The main operating temperature range of dilution refrigerators is at the mK level, but the actual measurable temperature range can be up to 30K.

- Very Low Temperature (VLT) Low Temperature
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Market Share (by Region)

Regions are divided Temperature divided
into North America, into Below 10mK, 10-
Furope, China ana 100mK, 101 mMK-4K.
others.

Furope
38%

Market Share Market Share
Application Temperature
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25%
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Market Share by Temperature (Europe) Market Share by Temperature (North America)

2022E 2023E 2024E 2025E 2022E 2023E 2024E 2025E
B ceowiomk I 10-100mK 10T mMK-4K

Copyright 2022 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.



Market Share & Industry Analysis OV TANK

& Knowledgebase

Market Share (by Type, %) Market Size (by Type, Million USD)

|
Cryogen Free
64%
Wet
2

6%
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Market Share by Type (Europe) Market Share by Type (North America)
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Global Dilution Refrigerators Market Prediction
(20719-2025E)

Applications of Dilution Refrigerator

Unit: in million U.S. dollars

il

2019 2020 2021 2022 2023E 2024E 2025E

Nuclear Physncs ‘ Astronomical Observation
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Cooling power at System cooldown
Manufacture/Model Base temperature [Temperature controlrange 100 mK (From room temperature)

25 mKina VTl or
Dipstick-style Teslatron 40 mKin a

Oxford Instruments/Kelvin 25 mKto 300 K in cryogen From room temperature to < 100
ox T free system mK typically 6 hours
helium dewar

Form Factor/

Leiden Cryogenics/CF-
2000 Maglev

Cryogen Free <8 mk 1400 uWw 24 hours

World’s coldest commercially

Oxford Instruments/Proteo svailable continuous oberation <5 mk 5 mKto 30 K with magnet 850 LW 4 hours
x5mK P at full field H (From 30k to Base Temperature)
Cryofree
hormmiactar Optimized for quantum 10 mK n/a 450 UW With LN2 precooling: <28 hours
JDry-500 computing
Bluefors/LD400 Top Sales 10 mK 10 mKto 50K 400 pw 24 hours

For beamline, telescope or

SUSiors) L2 detector experiments

10 mK 10 mK to 50 K 250 pw 24 hours

Greater experimental capacity
and adaptability.

7 mK to 30 K with magnet

AL at full field

Bluefors/LX900 > 850 pw n/a

Sources: companies’ official website, 1CV TARK

- wet Dilution Refrigerator Cryogen Free Dilution Refrigerator
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Janis Research L[] WerRumenTs Cryo Concept (SPEC Co-founded by Chief Superfndge known
(renamed as world's first laboratory part of Technology Officer John as Project Goldeneye
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Key Players
(. )

The University of Manchester;
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Explore Our Services Eaiay

Our research team is deeply rooted in the Quantum Information Technology industry, boasting a continually updated
and extensive database. Leveraging our vast experience, we provide insightful consulting services tailored to industry-
specific needs. We are committed to remaining at the forefront of technological innovation, staying informed about

the latest trends, and delivering relevant and actionable solutions for our clients.

&
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Consulting Services Industry Analysis Investment Insights Customized Research Report  Long Term Subscription
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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
guoting, reprinting, and publishing, it must be within the scope of permission. Those who use this report in violation of regulations 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.
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At ICV we are passionately curious about New Technology and we strive to deliver the most robust

market data and insights, to help our customers make the right strategic decisions.

We bring together the deepest intelligence across the widest set of capital-intensive industries and

markets. By connecting data across variables, our analysts and industry specialists present our

customers with a richer, highly integrated view of their world.

That is the benefit of The New Intelligence. We are able to isolate cause and effect, risk
andopportunity in new ways that empower our customers to make well-informed decisions with

greater confidence.

9 100 King Street West, Suite 5600, Toronto, Ontario, Canada M5X 1C9

O +1 909 247 5800

infer@icvtank.com
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