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The characteristics of DROS magnetometer
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Abstract

We developed a SQUID magnetometer based on Double Relaxation Oscillation SQUID(DROS) for measuring
magnetocardiography(MCG). Since DROS provides a 10 times larger flux-to-voltage transfer coefficient than the
conventional DC-SQUID, simple flux-locked loop electronics could be used for SQUID operation. Especially, we adopted an
external feedback to eliminate the magnetic coupling with adjacent channels. When the DROS magnetometer was operated
inside a magnetically shielded room, average magnetic field noise was about 5 fT/VHz at 100 Hz. Using the DROS
magnetometer, we constructed a multichannel MCG system. The system consisted of 61 magnetometers are arranged in a
hexagonal structure and measures a vertical magnetic-field component to the chest surface. The distance between adjacent
channels is 26 mm and the magnetometers cover a circular area with a diameter of 208 mm. We recorded the MCG signals
with this system and confirmed the magnetic field distribution and the myocardinal current distribution.
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Fig. 1. (a) Close-up view of the DROS part, (b) overall
image of a magnetometer on a PCB and (c) sensor
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Table 1. Typical parameters for a DROS magnetometer.

Signal SQUID
Critical current 21, 10 ~20 uA
SQUID inductance L 124 pH
B ~1
Damping resistor R, 30
Junction area 4pum x 4 um
Reference Junction
Critical current Lx(<2ly) 10 ~20 pA
Junction area Spum X 5 um
Relaxation Circuit
Shunt resistor Ry 15Q
Shunt inductance Ly, 2 nH
Damping resistor Ry 50 Q
Input coil
Number of turns 9 turns
Linewidth 5 um
Inductance L; 37 nH
Mutual inductance
With SQUID Mi 1.92 nH
Damping resistor R, 10.5Q
Damping capacitance Cy 30 pF
Peak up coil
Area 11.5 mm x 8.8 mm
Linewidth 0.5 mm
Inductance 32.8 nH
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Fig. 2. Noise spectrum of a magnetometer in a
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Fig. 3. Recorded MCG signals by using 61 channel
magnetometer system.
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Fig. 4. (a) Myocardium current map and magnetic field

map at R-peak.
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