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Abstract  - An experimental  a p p a r a t u s  f o r  the 
measurement of temperature dependence of critical 
cur ren t  within a s t rong  magnetic field has  been 
developed. Samples, which a r e  tested by the four  
probe method, a r e  cooled by a Gifford-McMahon 
(GM) type cryocooler to  the lowest temperature of 
5K. The sample holder has a diameter of 70 mm and  
a height of 70 mm. Transport  currents, up  to 150 A, 
is supplied to two samples through Bi-based oxide 
superconducting cur ren t  leads. An external magnetic 
field of up to 15 T, which is applied to the samples 
perpendicularly to  sample axis, is generated by a 
water cooled single Bitter magnet  with a room 
temperature bore of 82 mm. As a performance test, 
the critical cur ren t  properties of a silver clad Bi- 
based oxide tape have been measured at 5.5 K, 30 K 
and  50 K within a magnetic field u p  to 15 T. This 
experiment has demonst ra ted  the  validity of this 
experimental  appara tus .  

I. INTRODUCTION 

A cryogen-free experimental cryostat for critical current 
measurement has been developed utilizing Bi-based oxide 
superconducting current leads and GM cryocooler in the 
previous work [l]. It enables us to perform measurements of 
critical currents up to 500 A at temperatures ranging from 20 
K to 90 K without the need of liquid helium or liquid 
nitrogen. The external magnetic field of up to 3 T is generated 

by a compact liquid helium-free NkSn superconducting 
magnet. This measurement unit is useful for evaluation of 
the properties of high Tc superconducting materials. On the 
other hand, strong magnetic fields above 10 T are needed to 
evaluate performance of the conventional superconductors and 
the high Tc materials in the temperature range below 10 K. 

GM cryocooler has made great progress in its refrigeration 
power below 10 K. using magnetic regenerator materials 
such as ErNio.gCoo.1 [2]. The largest cooling capacity at 4.2 
K is above 1 W, and it realizes some practical and reliable 
applications of the 4 K-GM cryocooler. 

We developed a new apparatus for critical current 
measurements below 10 K using a GM cryocooler with 
EaNio.gCoo.1. We selected a water cooled single Bitter 
magnet which generates maximum central magnetic field of 
15 T in this study. 

11. DESIGN FEATURES 

Fig. 1 shows a conceptual drawing of the apparatus. Two 
samples can be cooled by thermal conduction through the 
conduction plate and copper leads from the second cooling 
stage of a 4K-GM cryocooler in vacuum. There are three sets 
of current leads in this cryostat. Two samples each have its 
own current lead, and share a common current lead to be 
energized interchangeably by an external current source. 

a ; Samples 
b ; Heater 
c ; Thermometer 
d ; 4K-GM Crywooler 
e ; Bi-2223 current lead 
f ; Copper current lead 
g ; Conduction plate 
h : Bitter magnet 

1 -- Power source for heater 

Fig.1 A conceptual drawing of the experimental apparatus. 
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Bi2Sr2Ca2Cu30x (Bi-2223) superconducting current leads 
connect the terminals on the first cooling stage with the 
terminals on the second cooling stage to reduce the heat 
leakage to the second cooling stage. Estimated heat leakage to 
the second cooling stage is 0.3 W, and it is 20 W for the first 
cooling stage. Using data of cooling capacity of the GM 
crywooler examined preliminarily, the lowest temperature of 
each cooling stage with the heat load mentioned above are 
estimated to be 40 K for the first cooling stage, and 3.8 I( for 
the second cooling stage, respectively. The temperature of 
sample holder is monitored by ruthenium oxide (RuO) 
resistance thermometer, and controlled in the temperature 
range 5 K to 80 K by a Proportional plus Integral plus 
Derivabve action (P.I.D.) controller with resistance heater. A 
Carbon Grass Resister (CGR) temperature sensor is attached 
to the conduction plate whch connect the sample holder to 
the second cooling stage. 

The sample current is measured by a shunt resistor and 
recorded by a X-Y pen recorder with the sample voltage. 
In this study, the external magnetic field is generated by a 

water cooled single Bitter magnet. The maximum central field 
of this Bitter magnet is 15 T. Fluctuation of the external 
magnetic field, caused by the ripple of excitation current, 
could cause errors in the measurement. The amplitude of the 
fluctuation is 0.1 % of the central field and is up to 0.01 T 
when the central field is 10 T. Eddy currents in the thermal 
shield and the sample holder caused by the field fluctuation 
could raise the temperature of the sample. Motions of 
magnetic flux in the superconducting samples would cause 
A.C. losses and generate electric fields, and the induced 
electric field could cause errors in the measurement of critical 
current. On the other hand, the frequency of the ripple is 600 
Hz and the shn depth in the copper cylinder which consists of 
the tail portion of the thermal radiation shield could be 
calculated to be less than 3 mm. Therefore the samples which 
are surrounded with a thermal radiation shield would not be 
affected by the field fluctuation. 

Fig. 2 shows a structural view of the developed cryostat for 
this measurement apparatus and Fig.3 shows a detailed view 
of the sample holder for the critical current measurement of 
short sample. The sample holder, whch has a diameter of 70 
mm and a height of 70 mm, is held in the tail portion of 
thermal shield and vacuum chamber by a copper conduction 
plate with a length of 485 mm. The copper conduction plate 
and three current leads which are made of copper are tied up in 
parallel with insulators between. Glass Fiber Reinforced 
Plastics (GFRP) is used for the insulators. Promoting heat 
exchange between leads and conduction plate, aluminum 
nitride (AlN) plates are also used for some portions of 
insulators. 

Bi-2223 superconducting current leads are fabricated by the 
powder sintering process in a shape of cylindrical bulk having 
a length of 190 mm, an inner diameter of 20 mm and an outer 
diameter of 23 mm. Each end portions of 20 mm long of the 
lead are coated with silver for electrical contact using plasma 

1st cooling stage 
Current lead 
(Copper) 

2nd cooling stage 
Current lead 
(B i -2223) 

Vacuum chamber 
Thermal radiation 
shield 

Current lead and 
Conduction plate 

Sample holder 

H +I 
lOOmm 

Fig.2 A structural view of the developed cryostat for the experimentz. 
apparatus for critical current measurement. The outer diameter of tail 
portion is 80 mm. 

GFRP Insulator 

Superconducting wire 

Temperature sensor 

Fig.3 A detailed view of the sample holder for critical current 
measurement of short sample. There are two pairs of copper electrodes on 
the bed with A1N insulators between.Tbey have a diameter of 5 m and a 
distance of 30 mm between. Surface of the sample bed is coated with 
fluorocarbon polymers for electrical insulation. 

Authorized licensed use limited to: TOHOKU UNIVERSITY. Downloaded on March 02,2010 at 03:17:10 EST from IEEE Xplore.  Restrictions apply. 



709 

spray. One end portion which is thermdly connected to the 
first cooling stage is in the presence of leakage magnetic field 
of 0.09 T. And the other end portion connected to second 
stage is in the presence of leakage magnetic field of 0.25 T. 
Referring to field dependence of the critical current in various 
temperatures for Bi-2223 current lead [3]. it could be 
predicted that the Bi-2223 current leads with a transport 
current of 200 A would be kept in superconducting state 
below 75 K at 0.09 T and below 65 K at 0.25 T. There is no 
need to restrict the magnitude of transport current for the end 
portion on the first stage which is designed to be 40 K at 
0.09 T. Considering the critical current of end portion on the 
second cooling stage at 0.25 T, the supplied current must be 
restricted to 200 A when the sample temperature is 65 K. 

The sample bed made of copper, which is shown in Fig.3, 
is coated with fluorocarbon polymers for electrical insulation. 
There are two pairs of copper electrodes on the bed with AIN 
insulators between.They have a diameter of 5 mm and a 
distance of 30 mm between. 

A RuO resistance thermometer and a stainless sheathed 
resistance heater are mounted as shown in Fig. 3. This sample 
holder can be replaced by another configuration such as a 
bobbin of small  coil. The outer diameter of tail portion of the 
vacuum chamber is 80 mm. and it fits in the inner diameter of 
room temperature bore of the Bitter magnet (82 mm). The 
outer diameter of main part of the vacuum chamber is 360 
mm. The total height of the cryostat is 1138 mm, and the 
weight is about 80 kg. 

Initial cooling time from ambience to the lowest 
temperature was about 14 hours without temperature control. 
The lowest temperature without any power into the heater was 
40 K at the first cooling stage and 4.2 K at the second cooling 
stage respectively. It shows a good agreement with the 
estimated figures mentioned above. The temperature of the 
sample was 5.2 K. It was higher than that of the second 
cooling stage. The reason for this difference of the 
temperatures is heat flux through the copper leads and their 
ConnectionS. 

A test sample of silver clad Bi-2223 tape with a length of 
35 mm was soldered to the terminals on the sample bed and a 
pair of voltage tap was soldered on the surface of the sample 
with a distance of 5 mm. In this codiguration, the direction 
of the applied magnetic field is parallel to the surface of the 
tape and perpendicular to the sample current The test current 
was swept at a rate of 1 Alsec. The criterion of the critical 
current was 1 pVlcm. 

Temperature stability was examined when the supplying 
current of 100 A continuously flowing through the sample. 
The temperature of the copper leads which connect the sample 
holder to the terminals on the second cooling stage rose about 
0.8 K from 10 K with a supply current of 100 A. On the 
other hand, the sample temperature kept constant with the 

continuous supplying ciurrent of 100 A by means of P.I.D. 
controller. 

Figd shows the temperature changes of the sample holder, 
conduction plate and second cooling stage during a sweep of 
external magnetic field from 0 T to 12 T without any 
temperature control. The sweep rate was 0.05 Tesla per 
second. On its way to 12 T, the field was held at 3 T, 6 T 
and 9 T for 540 seconds, respectively. Each temperature rose 
at the moment of field sweep, but the temperature fell again 
and settled in a while. The stationary temperature varies with 
intensities of the external magnetic field, and it holds a 
maximum value of 5.5 I< above 9 T. Existing no different 
profiles in the temperature change of two different 
temperature sensors. RuO and CGR, the temperature drift is 
not an error of the sensor in the magnetic field but real 
change of the temperature. Because of the drift of the lowest 
cooling temperature within a strong magnetic field as shown 
in Fig.4, the lowest temperature of critical current 
measurement is set to 5.51 K. 

Fig.5 shows profdes of the sample holder temperature and 
the external magnetic field during the measurement of critical 
current on the Bi-2223 tape at 5.5 IC The sample holder 
temperature was set to 5.5 K by the P.I.D. controller. 
Though the temperature rise due to field sweep was also 
observed in Fig.5. there were only small drifts less than 0.1 
K during the measurements of critical current. Dependence on 
magnetic field of transporting critical current of Bi-2223 tape 
were also measured at 30 I< and 50 K, respectively. 
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Eg.4 The temperatum changes of the sample holder ,conduction plate and 
second cooling stage during sweep of external magnetic field from 0 T to 
12 T without any temperature conwol. 
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Fig.6 The properties of silver clad Bi-2223 oxide superconducting tape 
measured at the temperatures of 5.5 K, 30 K and 50 K under the magnetic 
field of 0 T to 15T. 

Fig.5 Profiles of the sample holder temperature and the external magnetic 
field during the measurement of critical current on Bi-2223 tape at 5.5 
K.The sample holder temperature was set to 5.5 K by P.I.D. controller. 

There were no drifts of temperature during the 
measurements at each temperature. Fig.6 shows the properties 
of silver clad Bi-2223 oxide superconducting tape measured at 
the temperatures of 5.5 K, 30 K and 50 K under the magnetic 
field of 0 T to 15T. It was confirmed that the critical current 
density of Bi-2223 material is drastically decreased by the 
presence of magnetic field above 50 K [3]. 

The critical current properties of a silver clad Bi-2223 tape 
have been measure at 5.5 K, 30 K and 50 K within a 
magnetic field up to 15 T. This experiment has demonstrated 
the validity of this experimental apparatus. 
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