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Abstract—LHe free MRI (HTS-MRI) magnets fabricated by 
REBCO tape or BSCCO tape superconductors, are expected due 
to the high-priced LHe. However, HTS-MRI magnet has some 
problems, stability of magnetic field by use of a power supply in a 
driving mode and a screening current, for producing a high 
stability magnet field, both temporally and spatially, necessary 
for MRI imaging. One solution for these problems is an active 
magnetic field stability control by use of a power supply instead 
of the persistent current operation. In this paper, we measured 
and evaluated the magnetic field stability, using commercial 3T-
LTS-MRI magnet in the power supply driving mode with the 
highly-stabilized power supply. 
  

Index Terms—LTS-MRI magnet, magnetic field stability, 
highly-stabilized power supply, persistent current operation  
 

I. INTRODUCTION 
 TS-MRI magnets of 1.5 T or 3.0 T cooled by liquid 
helium (LHe), whose highly stabilized magnetic field are 

produced in a persistent current mode with superconducting 
switches, are widely and commercially applied world-wide. 

On the other hand, LHe free MRI (HTS-MRI) magnets 
fabricated by REBCO tape or BSCCO tape superconductors, 
are expected due to the high-priced LHe. However HTS-MRI 
magnet has some problems for producing a high stability 
magnetic field, both temporally and spatially, necessary for 
MRI imaging. 

One difficulty is the superconducting connection of REBCO 
tape with extremely low resistivity necessary for the persistent 
current operation of superconducting MRI magnet. Another 
important problem is a large screening current [1] induced on 
the tapes by the self-magnetic field perpendicular to the tapes 
during the excitation. The screening current induced and 
decayed on the tapes affects the main magnetic field stability 
both temporally and spatially. 
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One solution for these problems is an active magnetic field 
stability control by use of a power supply instead of the 
persistent current operation. The important factors for high 
stability of magnetic field are influence of the stability of the 
power supply and the screening current. So far, a Bi-2223 
HTS MRI magnet has been developed by the group organized 
by Sumitomo Electric Industries, Ltd and Kobe Steel, Ltd and 
National Institute for Materials Science and Kyoto University. 
It could scan images in the power supply driving mode [2]-[4]. 

In this paper, we measured and evaluated the magnetic field 
stability, using commercial 3T-LTS-MRI magnet in the power 
supply driving mode with the highly-stabilized power supply. 
It is because LTS-MRI magnet has little influence of the 
screening current. We excited the LTS-MRI magnet of 3.0 T 
and scanned MRI images in the power supply driving mode 
with the highly-stabilized power supply in order to evaluate 
the magnetic field stability. 

II. EXPERIMENTAL APPARATUS 

A. LTS-MRI magnet of 3.0 T 
Fig.1 shows LTS-MRI magnet of 3.0 T provided by 

Mitsubishi Electric Co.  
MRI magnet contains the liquid helium vessel in the 

vacuum vessel which consists of the superconducting coil, and 
the persistent current switch (PCS), and the protection diode 
[5]. MRI magnet equips GM4K refrigerator RDK-408D2 and 
Compressor Unit F-50H provided by Sumitomo Heavy 
Industries in order to minimize the evaporation of liquid 
helium. Inductance of the superconducting coil is 114 H. 

 

 
Fig. 1. LTS-MRI magnet of 3.0 T. 
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B. NMR probe  
NMR probe can measure the magnetic flux density by 

relying on the phenomenon of nuclear magnetic resonance. 
We set up the NMR probe provided by ECHO Electric Co on 
the center of the MRI coil. The accuracy of the NMR probe 
is set up 0.1 ppm in this experiment. 

C. Highly-stabilized power supply system 
Fig. 2(a) and Fig. 2(b) show the highly-stabilized power 

supply unit provided by Kudo Electric Co. The highly-
stabilized power supply system consists of the highly-
stabilized power supply and the protective resister and the 
transformer in Fig. 2(a), and the operation unit and quench 
detector in Fig. 2(b). This power supply is combined with 
switching power supply and dropper-type DC stabilized power 
supply. The control board in the power supply is kept at a 
constant temperature, therefore output current is highly-
stabilized and low-noised. Table I shows the power supply 
specifications. 

TABLE I 
THE POWER SUPPLY SPECIFICATIONS 

Parameter Value 

Output current 1000 A 
Output voltage ±10 V 

Output current stability 10 ppm/h 
 

 
Fig. 2.(a) Highly-stabilized power supply and protective resister and the 
transformer.  Fig. 2 .(b) The operation unit and quench detector. 

D. Current sensor 
Power supply current was measured by using current sensor 

UP-600A provided by Soft Energy Control Inc. We used 
VPR221 as a sensing resistor provided by Vishay 
Intertechnology Inc. Its resistance is 10 Ω and sensitivity is 
0.01 %. Fig 3 shows the image of the principle of current 
sensor UP-600A provided by Soft Energy Control Inc [6]. 

 
Fig. 3. The principle of current sensor UP-600A provided by Soft Energy 

Control Inc [6]. 

III. MAGNETIC FIELD STABILITY TEST 

A. Experimental Setup 
    Fig. 4 shows a circuit diagram of LTS-MRI magnet test. In 
the power supply driving mode, the PCS (persistent current 
switch) is opened. On the other hand, in the persistent current 
mode, the PCS is closed. There are three voltage taps P, C, N 
on the superconducting coil. The taps P and N are on each end 
and the tap C is on the center of the coil. 

The LTS-MRI coil was excited by highly-stabilized power 
supply. The current sweep speed is 0.07 A/s and the current 
value was set up 20 A, 210 A, 237.5 A in stages. The current 
value was kept 237.5 A for 2 hours by use of highly-stabilized 
power supply, and then changed to persistent current operation. 
    In this experiment, we measured power supply current and 
voltage difference between the tap P and C, and magnetic flux 
density of the center of the coil. Unfortunately, tap voltage 
VCN was missing due to the measuring cable failure. 
 This experiment is to confirm whether the stability of LTS-
MRI magnetic field by use of the highly-stabilized power 
supply is enough for MRI imaging. 

 
Fig. 4. Circuit diagram of LTS-MRI magnet test. 

B. Experimental Result 
Fig. 5 shows current from the power supply, voltage 

between the tap P and C on the MRI coil, magnetic flux 
density of NMR probe. In this experiment, we started to excite 
the MRI coil at 15:00 pm. 

We evaluated magnetic field stability from 3 to 4 hours 
after the start of excitation because the voltage across the MRI 
magnet began stable.  

Fig. 6 shows the difference between magnetic flux density 
B and arithmetic average Bave calculated during the relevant 
period. The top shows from 3 to 4 hours by use of power 
supply and the bottom shows from 6 to 7 hours in the 
persistent current mode. In each period, the values of magnetic 
flux density stability 

       
𝐵𝑀𝑎𝑥 −  𝐵𝑚𝑖𝑛

𝐵𝑎𝑣𝑒
× 106        (1) 

are 0.755 ppm/hour in the power supply driving mode and 
1.07 ppm/hour in the persistent current mode. These stabilities 
of magnetic field are enough for MRI imaging. 
    Fig. 7 shows magnetic flux density in the persistent current 
mode. During 100 to 120 hours after the start of excitation, we 
obtained high stability magnetic field 0.0503 ppm/hour though 
it was larger than 1.0 ppm/hour immediately after we changed 
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to the persistent current mode. In the persistent mode, 
magnetic flux density decayed exponentially. This may be due 
to the coil joint resistance at the persistent switch.   
 

 
Fig. 5. Current from the power supply, Voltage between the tap P and C on 
the MRI coil, Magnetic flux density of NMR probe. 

 

 
Fig. 6. Difference between magnetic flux density and the average B ave 
measured by the NMR probe. 
 

 
Fig. 7. Magnetic flux density in a persistent current mode. 

IV. MRI IMAGING TEST                                                                          
IN THE POWER SUPPLY DRIVING MODE 

A. Experimental Setup  
We excited LTS-MRI coil by the highly-stabilized power 

supply. The current sweep speed is 0.07 A/s and we set up 
current value 224.3 A. We kept current value 224.3 A for 5 
hours by use of highly-stabilized power supply.  

In this experiment, we measured power supply current and 
voltage across the MRI magnet, and magnetic flux density of 
the center of the coil. Magnetic flux density is measured for 
2.75 hours from the start of excitation. After that, we replaced 
the NMR probe with the MRI imaging apparatuses. Then, we 
scanned the images of a citrus depressa, a kind of a citrus fruit, 
whose diameter is 20 mm, under the condition of highly-
stabilized magnetic field. A MRI imaging sensor detects 
hydrogen molecules to scan, therefore a juicy citrus depressa 
is appropriate for MRI imaging. 

This experiment is to confirm whether MRI images can be 
scanned in the condition of the power supply driving mode. 

B. Experimental Result 
Fig. 8 shows current from the power supply and voltage 

between the tap P and N on the MRI coil. We set up current 
value 224.3 A and kept for 5 hours. The current value was 
kept constant by the control of the highly-stabilized power 
supply. The power supply reached the target current value and 
kept constant current after an hour from the start of excitation. 
The voltage became stable 1.5 hours after the start of 
excitation. It took half an hour that the voltage became almost 
constant from the start of constant current control. This may 
be caused since the power supply can control only the supply 
current to the MRI circuit which consists of MRI magnet and 
PCS resistance in parallel. 
 

 
Fig. 8. Current from the power supply and Voltage across the MRI magnet.  
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Fig. 9 shows magnetic flux density of NMR in the power 
supply driving mode. Fig. 10 shows the difference between 
magnetic flux density B and the average Bave measured by the 
NMR probe from 1.5 to 2.75 hours. The stability of magnetic 
flux density is 0.961 ppm/hour from 1.5 to 2.75 hours. 
Magnetic flux density decays temporally as well as the case in 
the persistent current mode. The result is similar to the test of 
excitation of LTS-MRI magnet in the power supply driving 
mode and in the persistent current mode under the similar 
condition. Small disturbance was observed at around 12:00 pm. 
It may be caused by the power source voltage fluctuation at 
lunchtime. In the power supply driving mode the stability of 
magnetic field is affected by the power source voltage 
fluctuation. We must take it into consideration for high 
stabilized magnetic field.  

Fig. 11 shows MRI images of a citrus depressa, a kind of 
citrus fruit, whose diameter is 20 mm. The surface of a citrus 
depressa was scraped to fit the hall size of the MRI imaging 
apparatus. Imaging was begun after 2.75 hours from the start 
of excitation under the highly-stabilized magnetic field, less 
than 1.0 ppm/hour. Clear images were obtained due to the 
high stability of magnetic field. 

 

  
Fig. 9. Magnetic flux density of NMR in the power supply driving mode. 

 

 
Fig. 10. Difference between magnetic flux density and the average Bave 
measured by the NMR probe from 1.5 to 2.75 hours. 
 

 
Fig. 11. MRI images of citrus depressa, a kind of citrus fruit. 

   

V. DISCUSSION 
    Our target is to realize a HTS MRI system. HTS MRI 
magnet cannot be operated in the persistent current mode due 
to a relatively large wire joint resistance. We must realize a 
high stabilized magnetic flux density in the power supply 
driving mode. There is also the screening current problem in 
the HTS MRI magnet. For the first step, we measured the 
stability of magnetic flux density of LTS MRI magnet in the 
power supply driving mode. It is proper to use LTS MRI 
magnet for evaluating only the influence of the power supply 
because LTS MRI has little influence of the screening current. 
    Table II shows comparison with magnetic field stability in 
the power supply driving mode and the persistent current 
mode. In the power supply driving mode, the stability of 
magnetic field is 0.755-0.961 ppm/hour and in the persistent 
current mode, the stability is 0.0503 ppm/hour. Current is 
measured by current sensor at output current from the power 
supply. The control board in the power supply is kept at a 
constant temperature and output current is accuracy, but the 
magnetic stability required is beyond the resolution of current 
sensor. Therefore, we must feed back another physical factor, 
for example magnetic flux density measured with NMR probe, 
in order to control magnetic field stability by use of the power 
supply. On the other hand, in the persistent current mode, the 
stability of magnetic field is smaller than in the power supply 
driving mode by one order of magnitude. We try to make a 
MRI feedback system for more highly-stabilized magnetic 
field in the future. 
 

TABLE II 
COMPARISON WITH MAGNETIC FIELD STABILITY IN THE POWER SUPPLY 

DRIVING MODE AND THE PERSISTENT CURRENT MODE 

Power supply driving mode Persistent current mode 

0.755 – 0.961 ppm/hour 0.0503 ppm/hour 
(decay exponentially) 
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VI. CONCLUSION 
    In order to apply a REBCO magnet to MRI system, we 
must evaluate the effect of not only the screening current but 
also the power supply current fluctuation upon the magnetic 
temporal and spatial stability. 
    For the first step, we operated a 3T-LTS-MRI magnet with 
the power supply driving mode instead of the persistent 
current mode. Since the LTS magnet has less screening 
current, we can evaluate the magnetic fluctuation only due to 
the power supply. 
    As a result of experiment, high stability of magnetic field 
(less than 1 ppm/h) was achieved in the power driving mode 
and clear images (20 × 20 mm) were obtained successfully. 
Thus the stability of the power supply has a small influence on 
magnetic flux density stability for MRI imaging.   
    For the next step in near future, we will make an operation 
test of a HTS-MRI of REBCO tape in the power supply 
driving mode in order to evaluate the screening current effects 
on the main magnetic field stability. 
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