Superconducting Magnets
The 'Ultracompact' Range

I8 Tesla 52mm Bore Magnet, 17.5 Tesla 52mm Bore High Homogeneity Coil for NMR,
40mm 15 Tesla Coil and 1 Tesla Mini Coil (left to right).

® Full Range of Solenoids ® Ultracompact Size
from 1 to 20 Tesla ® Fast Ramp to Full Field
® Ultracompact Split Pairs ® Training Free Operation
@® High Homogeneity Coils ® Lower Stray Field
® Null Field Regions ® Reliable Performance
® Customized Magnets ® Quality Persistent Mode Operation
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CRYOGENIC LIMITED

"The Better Choice”



Introducing the 'Ultracompact' Range

Cryogenic Ltd introduces the Ultracompact range of high
field superconducting magnets for use in solid state, low
temperature and other research applications. The magnets
produce the most intense magnetic fields in an ultracompact
geometry with modest stray field.

Three separate ranges of magnets are produced: The
Ultracompact standard range of laboratory magnets for fields
from 1 to 20 Tesla; the higher homogeneity range to provide
uniform magnetic fields for precision measurements and NMR
applications; and the Ultracompact range of split pair
magnets for experiments requiring radial access.

All magnets are built with filamentary conductors to reduce
remanent fields and to ensure electromagnetic stability for
reliable operation. For lower fields copper matrix
conductors with NbTi filaments are used to provide fields up
to 9 Tesla at 4.2K and up to 11 Tesla at 2.2K.

For higher magnetic fields the intermetallic compound Nb,Sn
is required. This conductor is more complex and expensive to
use, but allows solenoids to be built to provide magnetic
fields in excess of 20 Tesla at 2.2K.

Advances in conductor technology for both NbTi and Nb,Sn
have been significant. Current densities have been raised
with tertiary additions and by optimisation of the conductor
form. Cryogenic has improved its manufacturing methods
and the use of the conductors to allow training free
operation at ever higher stress levels, a key issue for
compact design at high field. These technical improvements
have produced coils of far superior performance. All,
Cryogenic's magnets are designed to work with our range of
magnet power sources, cryostats and sample inserts with
sample temperatures varying from a few millikelvin to room
temperature and above.

An advanced internal tin tertiary Nb Sn Conductor
courtesy of Teledyne Wah Chang Albany, USA

Lambda Plate and Magnet Support

Persistent Mode Operation

Cryogenic's standard range of magnets are provided with
persistent mode switches. The switch consists of a short
length of superconducting material that is connected across
the input to the magnet and can be switched to a resistive
state by heating above its transition temperature.

Cryogenic's switches have been improved to give a high
normal resistance at low heater powers with better
helium consumption. The superconducting element is
chosen for superior stability when in persistent mode.
Switches are made to a standard specification and can be
supplied separately.

Standard Specification

Open Resistance 5-100 Ohm
Power required to open 25-50 milliWatt
Heater Resistance 100 Ohm

Lambda Plate Operation

For ease of operation at reduced temperature Cryogenic can
provide a lambda plate built into the magnet support
assembly. The working temperature of 2.17K is chosen
because this is easily maintained with the lambda plate and
pumping line.

Liquid helium is expanded through a needle valve and
provides cooling of the magnet down to 2.17K, the
superfluid transition in liquid helium. The superfluid, which
is heavier than the normal fluid, sinks to the bottom of the
cryostat cooling the magnet and because of its high thermal
conductivity maintains an even temperature below the
lambda plate.



The helium reservoir in the upper part of the cryostat stays at *
atmospheric pressure and at 4.2K as it is well insulated.
Refilling the cryostat does not disturb the magnet
environment. Temperatures below 2.17K are only possible
with a separated magnet container which can prevent

superfluid returning to the main reservoir.

Stray Field Compensation

Many experiments, such as Mossbauer, or where SQUIDs
and metallic dilution refrigerators are used, require a low
field region close to the main field. Stray field compensation
can be provided by reverse windings at one or both ends or
external to the main coil.

The field profile is modelled by computer to produce an
appropriate design. The field can be measured and adjusted
using our automated field measuring system as shown in
the illustration.

Magnetic Field (Gausslamp)

Field Profile 20cm from a 17 Tesla Central Field
Protection

All Cryogenic Ltd's magnets are designed to be intrinsically
safe against accidental or deliberate quench provided they
are connected to the appropriate power supply and specified
protection circuits. The Cryogenic magnet power supply
acts so as to limit the voltage which can appear across the
terminals during a quench. It will also safely discharge and
protect the coil, even in the absence of mains power.

If a magnet is quenched for any reason the energy is largely
dissipated internally in the coil. To ensure a safe quench,
larger magnets are fitted with passive protection taps,
connected to a set of resistors and diode or thyristor
protection circuits.

Magnetic Field Stability

One of the main advantages of Cryogenic's superconducting
magnets is that they provide a highly stable magnetic field
when operated in persistent mode.

The joints in standard coils have a small but finite resistance,
which leads to a very slow decay of field 10/sec. For the
highest stability required for NMR applications, true
superconducting joints provide stabilities of about 10-"*/sec.

Ultracompact Standard Magnets from 1 to 20 Tesla
Range.

Cryogenic Ltd builds a broad range of standard coils which
have 0.1% homogeneity over the central region. The coils are
fitted with a persistent mode switch and solderable current
input terminals. Each coil is designated by its magnetic field
(from IT to 20T), its inner bore (from 30mm to 76mm) and
its homogeneity (H3 for 0.1% over 10mm dsv). Other coils
of larger and smaller size are built to special request.

Model Outer  Overall Operating Switch
Diameter Length Current = Resistance
; (Amps)  (Ohms)

NbTi Range (fields quoted at 4.2K)

1'T-30-H3 45mm 100mm 10 3
2T-30-H3 48mm 100mm 20 5
3T-40-H3 60mm 100mm 30 Hiils)
4T-40-H3 66mm 125mm 50 S
5T-40-H3 72mm 150mm 50 5
5T-52-H3 85mm 150mm 80 5
5T-76-H3  110mm 200mm 80 10
6T-52-H3 90mm 180mm 80 10
6T-76-H3  115mm 210mm 80 10
7T-52-H3 95mm 200mm 80 10
7T-76-H3  120mm  225mm 100 25
8T-52-H3  102mm  210mm 110 10
8T-76-H3  128mm 225mm <120 25
97-52-H3  110mm 220mm <120 25
9T-76-H3*  135mm 235mm <120 25
Nb Sn Range (fields quoted at 2.2K)

12T-52-H3* 130mm 240mm <120 10
13T-52-H3* 140mm 260mm <120 10
14T-52-H3* 150mm 280mm <120 25
15T-52-H3* 160mm 300mm <120 25
16T-52-H3* 190mm 320mm <120 25
17T-40-H3* 190mm 320mm <120 25
17T7-52-H3* 215mm  350mm <120 25
18T-40-H3* 225mm 440mm <150 25
19T-40-H3* 245mm 480mm <150 25
19T-52-H3* 255mm 500mm <150 25
20T-40-H3* 270mm 500mm <150 23
20T-52-H3* 285mm 500mm <130 25
* Coils requiring passive protection




Higher Homogeneity Ultracompacts

For a more uniform field than the standard, Cryogenic offers
two ranges of high homogeneity coils. Type H4 magnets
with 10*homogeneity over 25mm axial length and type H5
magnets with 10 homogeneity over 10mm dsv. All coils
can have a stability in persistent mode of 10-/hour or better.

5T-75-H4  125mm  330mm ...“-120_ 10
7T-75-H4  145mm  375mm 120 25
§T-75H4 | 160mm | 400mm | 120 25
9T-75-H4  175mm  400mm 120 25
12T-75-H4  200mm  480mm 120 25
14T-75-H4 210mm 500mm 120 = 25
15T-75-H4  240mm  560mm 150 25
17T-52-H4  250mm  575mm 150 25
5T-75-H5. 1125mm | 330mm . ¢ 120 = 10
7T-75-H5  145mm  375mm 120 25
8T-75-H5  160mm  400mm 120 25
9T-75-H5  175mm  400mm 2o o5
12T-75-H5  200mm  480mm e 25
14T-75-H5  210mm  500mm 120 25
15T-75-H5  240mm  560mm 150 95
17T-52-H5  250mm  575mm 150- - 25
All at 4.2K Operation :

Special Coils and Split Pairs

For optical, neutron and particle beam experiments
Cryogenic offers a new range of Ultracompact split pair
magnets. The split pair coils are of standard design and
allow strong magnetic fields to be generated in a small
volume with maximum access to the working space.

For most split pair combinations two possible mountings are
envisaged. In the first the coil is mounted to provide a

Model Split Bore Outer  Coil (
ok Diameter '.Lengt"" Léiagth
:TOmm 125mm  160mm 210mm
s e e

- 80mm  145mm

80mm  150mm

36 36mm  80mm  200mm

All at 4.2K Operation i

vertical field and is supported from a mounting flange on
which the persistent mode switch and terminals are

fitted. If the coil is to be mounted horizontally and space

is at a premium then the coil length along the field axis can
be minimised by fitting the switch separately away from
the magnet.

Split pairs can be welded into a stainless steel can for
mounting in vacuum. Large windows in the support structure
between the coils allow access to the sample and for wide
angle scattering to be observed perpendicular to the field
direction.

For other applications with neutron beams, a thin walled
aluminium former will allow nearly 360° transmission of the
beam in the radial direction. Where possible, standard coil
designs are used to meet customers' requirements but as
many applications for split pairs are of a specialised nature,
many different customized designs can be provided.

A 10 year old 15 Tesla coil of just 25mm bore compared to a 50mm
bore 15 Tesla coil of today.

For further information or a comprehensive quotation, please contact our Sales Department as follows:-

Cryogenic Ltd, 30 Acton Park Industrial Estate, The Vale, London W3 7QE, UK
International Telephone: (+44) 181 743 6049 International Facsimile: (+44) 181 749 5315
E-mail: cryogenic @cix.compulink.co.uk



