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McMahon (GM) refrigeration cycle to cool the coil
to 4.2 K. Tothis end, there have been efforts to
make cryocooled superconducting magnets with the
NbTi wires to achieve fields of the order of 9 T or
lower??3,

Cryocooled superconducting magnfetslescribed in
the recent literature, employ a three-coil system, since
currents of the order of 240 amps cannot be passed to
achieve fields of 15 T or more. The size of the magnet
and the thermal loss in these designs have also been
large. In order to compensate for the losses, two
cryocooled refrigerators of 1.0 W at 4.2 K capacity
have been employed, but this increases the weight as

SUPERCONDUCTING magnets employing Nb3Sn coilgvell as the cost of the magnet considerably. We have
immersed in liquid helium are continuously used to atbeen able to design and fabricate a versatile magnet giv-
tain high magnetic fields The connecting leads in theseing fields up to 15 T, by employing N®n wire, high T
magnets are made up of copper wires. Due to heat los§sSr,Ca,CU,0 , (2223) leads and a close-cycle
through the leads, these magnets consume large quaffivocooled helium refrigerator of 1 W at 4.2 K with
ties of liquid helium. After the discovery of high $u- Several useful features.

perconducting materials, the copper leads are being re-

placed by the high Tceramic superconductor leads, to

reduce thermal losses up to 90%. Close-cycle refriglnique features of the magnet

erator systems reaching 4.2 K with a cooling capacity

of 1.0 W at 4.2 K have been fabricated by employinghe following are the unique features of the magnet
solid state conduction cooling. From the engineeringesigned and fabricated by us.

point of view, one can design a superconducting magnet _ o

by employing the conventional Nb3Sn coils and high T(2) a single Nb3Sn coil instead of two or three
superconductor leads so that the magnet can work witfoils,

out liquid helium. An important requirement in super-(b) cooling-down time from room-temperature to 3.5
conducting magnets is a room-temperature bore, essen- K of 13 h instead of 100 h or more as in the earlier
tial for researchers working at high temperatures, but designs,

this is difficult to achieve in the conventional immer-(¢c) small size and low cost of the magnet by employ-
sion type technology. What would be most useful is t8'9 @ single close-cycle cryocooled system,

have a magnet that can produce high magnetic field) incorporation of a persistent switch to use the mag
without liquid helium, and which also has a netin a persistent mode,

roomtemperature bore. Such a magnet will also allevite€) @ room-temperature bore to carry out magnetoresis
ate problems faced with the non-availability of liquid  tance and other measurements from 12 K to 500 K,
helium in many countries. A key element in designing and _ _

such a magnet is the use of highstiperconductor leads () an optical window to carry out measurements under

A close-cycle cryocooled Nb3Sn superconducting
magnet, using a single coil along with leads of the
2223 bismuth cuprate high-temperature supercon-
ductor, has been designed and fabricated. The mag-
net achieves a field up to 15 T and has a
roomtemperature bore of 52 mm as well as an opti-
cal window. The cooling-down time from room tem-

perature to 3.5 K is 13 h. The maximum field attain-

able is 15 T for 3 h and 14.5 T for continuous use.
This magnet will be specially useful in laboratories

where liquid helium is not readily available.

a|ong with a Cryocoo]ed System such as the Gifford illumination with an appropriate radiation. In what
follows, we describe the essential aspects of the
*For correspondence. (e-mail: enrrao @jncasr.ac.in) design and fabrication.
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Table 1. Specificatons of the Nb3Sn wire and magnet caoil

Specification Value
Diameter of the wire 1.0 mm
Current carrying capacity at 15 T (4.2 K) 300 amps
Coil through bore diameter 52.4 mm
Overall diameter of the coil 121.0 mm
Overall length 200.0 mm
Distance from base to field centre 97.5 mm
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Figure 1. Schematic diagram showing the cross-sectional view of
15 T magnet and resistivity measurements arrangement.

Design and fabricaton
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Figure 2. Three-dimensional view of the magnet showing its inte-
rior parts.

curs at high fields. The coil was wound on a SS drum by
adopting the wind and react process. The magnet was
protected by using resistors and 12 diodes connected in
a back to back configuration. The cryostat has a 52 mm
room-temperature bore. A schematic diagram showing
the various parts of the magnet is given in Figure 1.

Leads made of 2223 high_Tbismuth cuprate tapes
(current carrying capacity 300 amps at 77 K) were con-
nectedbetween the NSn coil and the copper end-
terminals. The first stage of a GM Sumitomo cryocooler
(model SRDK-408 with 1.0 W cooling capacity at
4.2 K)was coupled to the high Teads and the second
stage was connected to the /Sbh magnet coil. The tem-
perature of the coil was maintained below 4.2 K while
energizing the magnet or while de-energizing it at a rate
of 0.04 A/sec or lower. Superinsulation of 15 years was
provided around the superconducting coil to minimize
thermal losses.

Quartz windows of 20 mm diameter provided at the
bottom of the magnet coil as well as at the sample holder
assembly allow light to pass through. A cryocooler (CTI
cryogenics model 8200) and an accompanying 50 W
heater permit measurements from 12 K to 500 K, the
temperature being measured and controlled by Cernox

In the design of the magnet, we have adopted a singleand PT100 Lakeshore sensors and the temperature con-

coil system by carefully choosing a Jm multifilamen-

troller. A three-dimensional cross-sectional view of the

tary core of 1.0 mm diameter, fabricated by the modifiednagnet and its accessories is shown in Figure 2.

Jelly Roll process, with 53% copper content to allow

In the absence of a magnetic field, a coil temperature

easy heat dissipation so that current up to 240 amps caf less than 3.4 K could be achieved, the temperature
be passedThe specifications of the NbjSn wire used byof the high Tc leads being below 47 K. When the mag-
us are listed in Table 1. This wire also helps to restriatet was energized to 15 T (227.7 A) by using a Cryo-
the coil temperature below 60 K when coil-quench ocgenic (Model SMS 240C) 240 A magnet power supply,
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Figure 3. Photograph of a fully assembled magnet

Table 2. Specifications of the magnet

Specification Value
Maxi mum magnetic field 50T
Energizing current for 15 T 227.7 amps
Homogeneity over 10 mm 0.1%
Total coil inductance 3.4 Henry
Average turn density 180 turns/cn?
Maximum radial hoop-stress 33 Kpsi
Persistent switch normal resistance 35 ohm
Persistent switch heater resistance 100 ohm
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Figure 4. Temperature variation of magnetoresistance of a

Pr, Cg, ,MnO, film deposited on LaAl@single crystal substrate for

different magnetic fields.

15 T up to 3 h without quenching. It could be operated
continuously at 14.5 T (220 A)he temperature of the
coil and the leads are 3.5 K and 58 K, respectively at
14.5 T. We have used silicon diodes as well as Cernox
and RTD sensors at crucial places to monitor the tem-
perature of each section and to control the temperature
of the measuring sample.

The fully assembled magnet has a height of 112 cm
and a diameter of 56 cm. It weighs 150 kg. A photo-
graph of the asembled magnet, inits final working
form, is shown in figure 3.

Performance of the magnet

In order to test the performance of the magnet, we have
measured the magnetoresistance of polycrystalline as
well as thin film samples of rare earth manganates at
different fields and at different temperatures. In Figure
4, we show the temperature variation of resistance of
an epitaxil thin film of Py.Ca MnO, deposited on a
LaAlQO, (001) substrate at different magnetic fields.
Pr, Ca ,MnQ, is a charge-ordered insulator, with the
charge-ordering temperature around 230 K (ref. 8). We
see that the magnetic field induces an insulator-metal
transition in the film. The material becomes metallic
starting from ~190 K or down at 14.5 T.

We have operated the magnet for 1700 h. or more
continuously and found the performance of the magnet
to be satisfactory. Since we completed the fabrication
of this magnet, we have come across a paper by
Watanabe et al, whohave achieved a field of 15 T by
employing a three-coil system. The pre-cooling time of
the magnet (from room temperature to 3.4 K) was 110
h, while the magnet designed by us takes only 13 h to
reach the same temperature.
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