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Noise Characteristics of 64-channel 2nd-order DROS
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Abstract

We have developed a second-order double relaxation oscillation SQUID (DROS) gradiometer with a baseline of 35 mm,
and constructed a poorly magnetically-shielded room (MSR) with an aluminum layer and permalloy layers for
magnetocardiography (MCG). The 2nd-order DROS gradiometer has a noise level of 20 {T /NHz at 1 Hz and 8 fT/YHz at 200
Hz inside the heavily-shielded MSR with a shielding factor of 10 at 1 Hz and 10* — 10° at 100 Hz. The poorly-shielded MSR
built of a 12-mm-thick aluminum layer and 4 - 6 permalloy layers of 0.35 mm thickness, is 2.4 m x 2.4 m x 2.4 m in size, and
has a shielding factor of 40 at 1 Hz, 10* at 100 Hz. Our 64-channel second-order gradiometer MCG system consists of 64
2nd-order DROS gradiometers, flux-locked loop electronics, and analog signal processors. With the 2nd-order DROS
gradiometers and flux-locked loop electronics installed inside the poorly-shielded MSR, and with the analog signal processor
installed outside it, the noise level was measured to be 20 fT/YHz at 1 Hz and 8 fT/VHz at 200 Hz on the average even though
the MSR door is open. This result leads to a low noise level, low enough to obtain a human MCG at the same level as that
measured in the heavily-shielded MSR. However, filters or active shielding is needed for clear MCG when there is large
low-frequency noise from heavy air conditioning or large ac power consumption near the poorly-shielded MSR.
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Fig. 1. Photograph of the 2nd-order DROS gradiometer
mounted on a printed circuit board (PCB) of the size of 108
mm x 16 mm..
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Fig. 2. A simplified equivalent-circuit of the 2nd-order
DROS gradiometer with a baseline of 35 mm, where M; is
an input coil and M; a feedback coil, and Ry, is a shunt
resistance and L, a shunt inductance in a relaxation circuit.
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Fig. 3. Noise spectra of 64-channel 2nd-order DROS
gradiometers measured inside a heavily-shielded MSR
(IMEDCO Co.): 20 fT/NHz @ 1 Hz, 8 fT/NHz @ 200 Hz, 1
pT/NHz @ 60 Hz, 0.12 pT/NHz @ 120 Hz, 0.27 pT/NHz @
180 Hz.
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Table 1. Parameters of Planar Second-Order DROS
Gradiometer.

Signal SQUID
Junction size 2 x (4 um x 4 pm)
Critical current I, 11 pA
SQUID hole size 100 pm x 100 pm
SQUID inductance L 104 pH
Br(=21,Ly/ Do) 1.4

B." (=27 21RuCyo/ Do) 0.4
Damping resistance R, 3Q

Reference junction .

Junction size 5umx 5 pm

Critical current I, 8 pA
Relaxation Circuit

Shunt resistance Rg, 1.5Q

Shunt inductance Lg, 3nH

Damping resistance R4 50Q

Input coil
Number of turns 20 turns
Line width 5 um
Inductance L; 196 nH

Mutual inductance with SQUID M; 4.8 nH
Damping resistance Ry 30Q
Damping capacitance C, 30 pF

Pickup coil
Area 123 mm’
Line width 0.3 mm
Inductance L, 189 nH
Baseline 3.5¢cm
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Fig. 4. 64-channel DROS gradiometer system: 64 2nd-
order DROS gradiometers inside a liquid helium dewar,
and FLL system on the gantry controlling a position of the
dewar.
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Fig. 5. Front view of the poorly magnetically-shielded
room (P-MSR) with a size of 24 mx 2.4 mx 2.4 m.
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Fig. 6. Shielding factors of P-MSR: 40 at 1 Hz and 10* at
100 Hz in the center when the door is closed.
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Fig. 7. Environment noise around P-MSR; 0.8 nT at 2.5 Hz
0.25 uT at 60 Hz and 23 nT at 180 Hz.
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Fig. 8. Noise spectra of 64-channel 2nd-order gradiometer

system displayed with 8 channels when the door of P-MSR
is closed; 20 fT/NHz @ 1 Hz, 8 fT/NHz @ 200 Hz, 1 pT/V

Hz @ 60 Hz, 0.25 pT/NHEz @ 180 Hz.
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Fig. 9. Noise spectra of the 64-channel 2nd-order

gradiometer system displayed with 8 channels when the
door of P-MSR is open; 20 fT/NHz @ 1 Hz, 8 fTNHz @

100 Hz, 6 pT/NHz @ 60 Hz, 0.3 pT/NHz @ 120 Hz, 1 pT/
Hz @ 180 Hz.
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Fig. 10. 64-channel 2nd-order gradiometer system and FLL
system for measuring noise of the system outside P-MSR.
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Fig. 11. Noise spectra of the 64-channel 2nd-order

gradiometer system displayed with 8 channels outside
P-MSR; 30 - 100 pTNHz @ 1 Hz, 700 pT/NHz @ 60 Hz,

200 pTNHz @ 100 Hz, 70 pTNHz @ 120 Hz, 100 pT/y
Hz @ 180 Hz.
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