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Copper heat exchanger Low temperature experiments performed on large scale custom projects.
dilution unit.
Silver heat exchangers heat exchangers introduced on Oxford

Instruments’ systems in 1976.
L
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INSTRUMENTS

1980s — Top loading into vacuum and OXFORD I

liquid systems

The Business of Science®

Top loading into the mixing chamber

Non-metallic mixing chamber

34 mm dia. top loading into liquid probe

Top loading into vacuum sample holder

' Mg .

I

Right & left hand clamping
mechanism for thermal contact to Alignment key-way  Electrical contacts to sample
mixing chamber
8
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1980s — Top loading into the mixing chamber NSTRUMENTS

The Business of Science®
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In 1985, the Nobel Prize was awarded to Professor Klaus von Klitzing ‘for the
discovery of the quantized Hall effect”. He worked on Oxford Instruments’
helium-3 system and subsequently continued taking more data using an
Oxford TLM dilution refrigerator and 21.5 T magnet.
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1980s — Rotating dilution refrigerators to OXFORD I
study vortices in helium

The Business of Science®

Rotating cryostat Henry Hall et al
1988

Rotating cryostat Paul Walmsley et al
2013

e
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1980’s — Side access system for OXFORD

INSTRUMENTS

beam line experiments

The Business of Science®

Quter vacuum T ER [ _Heat exchangers
spaco —_““““Ha..ﬁ,[ : e
Inner vacuum : Helium bath
space ._\ o el
4X baffle____ S Mixing chamber
42K shield N o ___-Extension tube
77K shiold o 0-7 K shield

w:::;f.; P
Quter vacuum Split pair magnet
Adjustabie iris._ Sample holder

Datector {4 No)

Published Hyperfine interactions vol. 43 — Schouten.
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1990’s — Dilution refrigerators for OXFORD I

INSTRUMENTS

dark matter experiments

The Business of Science®

[ liquid nifrogen

liquid heliurm

mixng chamier

infernal lead shields

external lead shield
copper shield

protofyoe detector

1

Special DR’s for detéctors — NESIEED

published JLTP vol. 39 Batey.
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1990s — Plastic dilution refrigerators OXFORD I
for pulsed magnets

The Business of Science®

30 mk / 50 Tesla

@
© Oxford Instruments 2015 Page 9



INSTRUMENTS

1990s — Dilution refrigerators for OXFORD I
gravity wave detectors

The Business of Science®

3 tonne aluminium bar, T<100 mk, High power dilution unit,
D/R in collaboration with T. Niinikoski. coiled copper sinter exchangers.
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1990s — User facilities around the world NSTRUMENTS I

The Business of Science®

NHFML — 30 mK Dilution fridge in 45 T hybrid

45 T Hybrid Magnet
Basetemp. @ 0 T =17 mK
Basetemp. @ 45T =30 mK
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1990’s — Ultra low temperature technology OXFORD
becomes a standard product

INSTRUMENTS

The Business of Science®

Development of standard Kelvinox® range of dilution refrigerators
and magnet systems.
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1990’s — Development of electronic devices OXFORD I
using Kelvinox range of dilution refrigerators

The Business of Science®

sl
-3
. '
x4
» 1

Development of electronic devices using standard Kelvinox
range of dilution refrigerators and magnet systems.

© Oxford Instruments 2015 Page 13



1990’s — Continuously circulating sorbtion pumped OXFORD I

fridge for fractional quantum hall effect measurements IR MENTE

The Business of Science®

Heat switch Heat switch
(closed) (open)

(off)

Published JLTP, vol. 13 Mikheev & Batey.
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1990s - Ultra low temperature technology OXFORD

INSTRUMENTS

super fluid helium3 Nobel Prize

The Business of Science®

{@ The Nobel Prize in Physics 1996

h David M. Lee, Douglas D. Osheroff, Robert C. Richardson

Share this: FIEEIE 2 B
The Nobel Prize in Physics
1996

David M. Lee Douglas D. Osheroff Robert C. Richardson
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 1996 was awarded jointly to David M.
Lee, Douglas D. Osheroff and Robert C. Richardson “for their
discovery of superfiluidity in helium-3".

Photos: Copyright © The Nobel Foundation

share this: FIEE L 2 B

Tn rite this nage

Bob Richardson with Oxford fridge
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1990s — Dilution refrigerators used for fractional OXFORD

guantum Hall effect winning Noble Prize

INSTRUMENTS

The Business of Science®
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% The Nobel Prize in Physics 1998

' Robert B. Laughlin, Horst L. Stérmer, Daniel C. Tsui

Share this: FIEIEIE3 o B

The Nobel Prize in Physics

Robert B. Laughlin Horst L. Stérmer Daniel C. Tsui

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 1998 was awarded jointly to Robert B.
Laughlin, Horst L. Stérmer and Daniel C. Tsui “for their discovery of
a new form of quantum fluid with fractionally charged excitations".

Photos: Copyright © The Nobel Foundation
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Of quantum CompUtlng The Business of Science®

2000s — Cryofree® technology and the rise OXFORD I

J-T condensation — as per Kurt Uhlig

* No liquid helium required
» Open structure for easy experimental access

* Very large experimental plates

* Fully automated cool down from room temperature

90% of market is now Cryofree and size of
market has doubled using this technology!

L
© Oxford Instruments 2015 Page 17



INSTRUMENTS

2000s — Cryofree technology and the rise OXFORD I

of quantum computing

The Business of Science®

.« Ultralow vibrations
* Fast cool down

e - * Low noise wiring

* Large sample space
— * High cooling power
* Magnetic shielding

* High field solenoid magnet
* Low eddy current holder
* High temperature control

RF wiring Mu-metal
shielding

Integrated

magnet Sample

 3-axis vector magnet
loading

« Sample loading mechanism
* Low noise wiring

© Oxford Instruments 2015 Page 18



2000s — Cryofree technology and the rise of OXFORD
quantum computing -

The Business of Science®

The combination of Cryofree® technology and the intense interest in quantum information
processing (QIP) bring a new level of multi-system laboratories, and the first commercial
guantum computers (Niels Bohr Institute). 7 installed with 4 more to be delivered.

L
© Oxford Instruments 2015 Page 19




2000s — Cryofree technology and the rise of | OXFORD

INSTRUMENTS

guantum computing

The Business of Science®

Rapid device prototyping using sample loaders Building large experiments D-Wave
~ 8 hrs cooldown time processor ~ 240mm dia.
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Contents lists available at ScienceDirect

Cryogenics

journal homepage: www.elsevier.com/locate/cryogenics

A rapid sample-exchange mechanism for cryogen-free dilution
refrigerators compatible with multiple high-frequency signal
connections

G. Batey, S. Chappell, M.N. Cuthbert, M. Erfani, A.]. Matthews *, G. Teleberg
Oxford Instruments Omicron NanoScience, Tubney Woods, Abingdon, Oxfordshire 0X13 50X, UK
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2010s — Large scale Cryofree dilution OXFORD I

refrigerators

The Business of Science®

Coldest Cryofree dilution
refrigerator in the world !

3.3 mK base temperature
25 pW of cooling power at 20 mK
1000 pW of cooling power at 100 mK

i I
= 5 T i

- 1R

iIoPscience

Journal of Physics: Conference Series

Journal of Physics, Conf series 568 (2014) 032014

A new ultra-low-temperature cryogen-free
experimental platform

G Batey. A J Matthews and M Patton
M vl n h m b r Oxford Instruments Omicron NanoScience
IXI g C a e Tubney Woods, Abingdon, Oxfordshire, UK, OX13 5QX
430 d i a E-mail: Anthony.Matthews@oxinst.com
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2010s — Small scale Cryofree dilution OXFORD I

refrigerators

The Business of Science®

Outer diameter < 50 mm to suit 50 mm diameter ‘wet’ or ‘dry’ VTI

Greased cone seal for IVC Coiled tube heat exchanger Dilution unit

| T

.“;--/_<i
Coiled tube condenser Still Sintered silver heat Mixing chamber
line for 3He gas exchangers 38.0 mm
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2010s — Dilution refrigerators and SPM NSTRUMENTS

The Business of Science®

Magnetic transfer rod Argon ion gun
E-beam

& Sample preparation chamber

evaporators
Transfer Gate valves
chamber Magnetic transfer rod
lon getter /
pump

&— Sample heater with

Optical table X-Y stage

2D
\ @

A

I,
I

/
‘! 1K pot

\

lon getter pump

mi 0.5 m
Dilution F!‘ Mixing chamber p—

refrigerator
m" — Cold plate 35 mK

Roychowdbury et al

il University of Maryland

FIG. 1. {Color Online) Overview of dual tip mK STM system. The dewar and radiation shields that surround the dilution
refrigerator are not shown,
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2010s and the future

INSTRUMENTS

O F@RD

— Noise thermometer ™ '
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Nuclear demagnetisation experiments on a
Triton system achieve < 1 mK for 30 hours
and a base temperature of 600 pK.
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New Journal of Physics

A microkelvin cryogen-free experimental platform
with integrated noise thermometry

G Batey', A Casey™’, M N Cuthbert', A J Matthews'"",
J Saunders” and A Shibahara’
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What will the next 50 years bring? INSTRUMENTS

The Business of Science®

The next 50 years of the dilution refrigerator story is expected to be

equally exciting as there is likely to be a very high volume requirement
iIn one of the following fields —

« Quantum Computing or Quantum communication?
 Milli Kelvin STM analytical system?

« Low temperature detectors for security screening?

o
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