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CRYOGEN FREE MAGNETS (CFM) - INTRODUCTION

For the first time in history powerful
magnetic fields are available for all
applications in research and industry.

The use of strong magnetic fields is
starting to impact many areas of
technology and will find widespread
applications.

Bafore this pionedring dewalopment by Cryogenic Ltd. of
Hedinm Fres Supgroonductivity, strong magnetic fields were
only dvailable 10 those with access to ligusd helium, which (s
an expensive and finite resource. The only altemnative, walter
cooled edectromagnets, require very larnge power inputs thus
making them uneconcmical for all but & few speciplist users.

on

s mow possible to establish and operate high magneth:
fikd facilities withoul worrying about the availability of liquid
cryogers. The Cryogen Fres technology allows magnets with
a wide range of field and dimensions to be built, all using
the same method of refrigeration,

In particulsr vary Large volumes of medium strangth magnetic
fields can be produced. For instance, a magnet with a
working vodurm: of TS0mm diameter by 1 metre length and a
field of 0.5 Tesla has already boon produced.

In comtras! small bore (typically 50mm) magnets can be
praduced 1o generate very strong fiebds up to and axceading
16 Tesla, The maximum fiald is limited cnly by the type of
Superconductor available

Cryogenic Lid. is the world leader in Hellum-Free Magnet
Technology and has been the reciplent of sevaral UK
Governmaent and European swards for its plonearing
wark in this anea. This popular product |s baing
supplied woddwide and makes high magnetic
fizkds more accessible and practical for
researchers and industry alke
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OPERATING BENEFITS

LOW OPERATING COSTS

Wo expenshve liguid helium or netmogen I8 requined Tor cool 1}':I'|'|'.I'I.ﬂ'-l' operalon Keeping
||.r1|‘|in,gI COSES o O rmenemiem,

EASE OF USE

cryogenarator, wail for it 1o reach opbrating tempirature and the system IS ready 1o useo.
It may e kepl cobd on 5-1.3""35}' &0 thal measurements can beé made at short notice or for
gxtienced panods.

INDEPENDENT AND CONVENIENT OPERATION

Oinly mains electric power ks reguired to operate the system so thal units can be operabed
at any lecation wordwide,

FAST RAMPING EA.PA.BII.IT\"______ B o

A thesrmisl reservolr i5 used 1o extract heat from the magnet. This facility is sometimes
requingd 1o ahsorh (he extess hial generabod by flux fliow In the superconducior while
sweeping the feld up and down,

AUTOMATED OPERATION

The system may be oparated eagily using computer software with all the necessary
failsafe features. Cryogenic offers additional advanced softwane (0 perlonm measurements
In a rEppatake and rediae manner. Measurameant 5}‘5-1.E|"I"IE tor l"l'lﬂl"rl!lﬂ SuSCaplibe Itj’.
Hall effect and elecirical resistivity are also available

ROTATION B
Theiz rruigreed Cin wiark in any orientation. It can even be moved while it (s at feid.

DRY SYSTEM

There are no liquid reservoirs surmounding the magnet 1o cause leakage or maiMenance
difficulities. \Withoud the liquid resenoirs, the magnet enclosure s wry small which allows
2asy aoeess o the Teld centre,

SAMPLE COOLING

EHEI'HI:IlE'S- can be codled in a8 magnetic field with a built-in varable temperatung Samphe
space that uses spare cooling capacity of the cryogenarator,

APPLICATIONS
Magneto-oplical effects, magnetic Indusirial applications eg.
susceptibility and magnetic properties, Frocessing of industrial
Electron Spin Resonance (ESR) and wgll;:ﬁlg"gl iy oy
Muclear Magnetic Resonancs (MMR). 3

B Hall effisct and alectrical properties. . Cry 2

B Gyrodron magnets (o generate X-rays and W Weain I z
tungable microwaves, W Experiments on geckogical

B Madical applications such &8 magnetic ey
stearing of cathelars, B Fusion experiments, partichs

physics and beam ling
B Superconducting transitions and critical i =

curments, magnetic transithons and
specific hirat in magnetic flelds. B Muclear Magnetic Resonance
(NMR) Imaging.




THE SUPERCONDUCTING MAGNET

The superconducting magnets are wound from copper stabilised filamentary conductor.
Thary ane vacuum Impregnated with #pdcy resin to form 8 composite structure of excalient
rigchanical strength and elecirical insulation. Both MbTi and Mb,5n superconductonrs are
used for the magnets. HTS materials are used for the current leads 1o th magne

An gptional switch may be connected across
all sactions to enable operation in the
SupErconducting persistent mode.

The primary purpose of this |s 1o provide
very slable magnetic ficlds over

long time periods.
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THE CRYOGEN FREE VARIABLE TEMPERATURE INSERT

Cryogenic Ltd is offering
a state-of-the-art system
that provides
simultaneous controlled
cooling of both the sample
and the magnet using a
single cryocooler with good
all round  performance.

Most Cryogen Froe Magnots ane

built with reom temperature access

ta the higfh field space.

Ay requirement for sample
measurement at lew temperature
miéans the purchase of an additional
cryostat for installation i the magnet
bore, This is no longer necessary with
the new integrated system.

The Variabée Temperature Insert
{containing the samphe) Is bullt Into
ther bore of the CAM, thus providing
both variable temperature and
magnatic figld environments for the
samphe using a single cryocooler,

Thiz cryoen freg: insert provides a
dyniamic temperature controlled
erwironment in the range 1.6K to 300K
&5 stanciand. This range can easily ba
extendid further dosn o 1K or by using
hiliume3 b bidow 1K

The sample space IS supplied with
hediom gas from a closed external
rEsgrein, An aifock 5 provided to

change the sample without contaminating

Teat: s o L inlaprdionca ol the ¥T1 cold
SLAGR FieRarnir il Dbl 4 (b lire) wiike B
miagnE! B Swepl in EpE 1o 5 Tesla The magnet
s Feents 0 SH, inddiapandently of tha VT

Toparsgid itisrw Cinstirend b 1040 W

Sratr mgm Faepd
- 1L

T =i

Sy esiitre] ol tha heater posssr whils
fihe nample i3 stepped up N eTpeBLEE
oo 20H, 1o 100K

S A iy mounted on B hool eschanger
Sersod B i on the sampie holier

L Sample space. If necessary the sample space helism gas can ba
replsted without affecting the cryocoséer as the tao are not connected,
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CRYOGEN FREE COMPLETE MEASUREMENT S5YSTEMS

THE RESISTIVITY, AC SUSCEPTIBILITY AND
MAGNETISATION (RMX) MEASUREMENT SYSTEM

The cryogen free "RMX’ mmlmﬁ%a%h
the study of properties of materiats as a function of temperature, time and magnetic
muwmmmnmmmmm
and susceptibility.

The RMX sarles resistance measurement systems are configured as d-tonminal
resistance and Hall effect measurements in the range micro Dhm to Mega Ohm
resistance. Van der Pauw and high resistivity measurements inclirding 5-point

fechniques are also available as options. For additional low voltage sensithity,
sl for instance in sensing supsrconductor normal fransitions, o proampiifior
s offerad which has pancvolt resolution and ultre low drift.

AC SUSCEPTIBILITY AND MAGNETIC MOMENT

To mezgure the susceptibility of samples, Cryogenic provides an AC Susceplibility package
with pick-up colls and AC drive coils mounted inside the cryetooked magnet and
surrcinding the sample space. Using ooils that run at 4K gives lower nodse to the detector
sysiem and good performance at all sample temperaturgs. The coils are connected to a
high quality phase sensitive detecior which provides susceptibility amplitude and phase as
& function of drive frequency.

The sample is mounbsd on & non magnetic drive rod that passes through the aidock at the
top of the apparsius. I can be moved and positioned in the centre of the pick-up coils

using a mobod driven samplé positioning system. Magnetic moment is measuned
using the oscillating of Bxtraction mode.

OPTICAL AND BEAM LINE SYSTEMS

For optical, neutron and particke beam experiments,
Cryogenic offers a range of split paér magnets. Thesa are
of standard design and allow strong magnetic febkds to be
produced in a small volume with maxdmum access 1o the
working space. Split pair colls can be mounted to provide
wither a vertical fleld with horzontal access or a horizontal
fipld offering horzontal or vertical aocess,

Large windows In the support structure

batween the cols alkow socess 10 the sampla,

This confgurateen forms the basis of the

Cryogenic Optimag sares of split pair magnet Systems

o ather applications & thin walled aluminium

fofrmer and alurmimium windows will allow
transmission of the Deam,









