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Abstract

SQUID sensor-based ultra low-field magnetic resonance apparatus with puT-level measurement field requires a strong
prepolarization magnetic field (B,) to magnetize its sample and obtain magnetic resonance signal with a high signal-to-noise
ratio. This B, needs to be ramped down very quickly so that it does not interfere with signal acquisition which must take
place before the sample magnetization relaxes off. A MOSFET switch-based B, coil driver has current ramp-down time (t,q)
that increases with B,, current, which makes it unsuitable for driving high-field B,, coil made of superconducting material. An
energy cycling-type current driver has been developed for such a coil. This driver contains a storage capacitor inside a switch
in IGBT-diode bridge configuration, which can manipulate how the capacitor is connected between the By, coil and its current
source. The implemented circuit with 1.2 kV-tolerant devices was capable of driving 32 A current into a thick copper-wire
solenoid By, coil with a 182 mm inner diameter, 0.23 H inductance, and 5.4 mT/A magnetic field-to-current ratio. The
measured ty was 7.6 ms with a 160 pF storage capacitor. ty was dependent only on the inductance of the coil and the
capacitance of the driver capacitor. This driver is scalable to significantly higher current of superconducting By, coils without
the t,4 becoming unacceptably long with higher B, current.
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Fig. 1. A pulse sequence example (gradient echo) for ultra
low-field MRI system. The prepolarization field (B,) turns
on with the measurement field (B,,). After B, turns off, the
gradient fields (G, Gy, G,) turn on. After G,, G, turn off
and G, flips, the magnetic resonance signal is acquired
(ACQ). B,, is turned on until the signal acquisition ends.
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Fig. 2. B, coil driving methods. (A) Dissipative MOSFET
switch (B) Energy recycling switch with a storage capacitor
in an IGBT-diode bridge switch.
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Fig. 3. Operation of energy recycling B, coil driver. (A)
Discharging, (B) Fully discharged, steady current flow, (C)
Charging, and (D) Fully charged, no current flow.
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Fig. 4. B, coil driver circuit diagram.
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Fig. 6. Operation transients of the built B,, coil driver. (A)
Switch ON, (B) Switch OFF, (C) Switch OFF with a 5 kQ
damping resistor, and (D) Switch OFF with a 1 kQ
damping resistor. I, indicates current through the B, coil,
V, indicates voltage across the B, coil, and V,, indicates
voltage across the storage cap.
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