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We developed a 40-channel superconducting quantum interference device (SQUID)
system for neuromagnetic measurements. The main features of the system are use
of double relaxation oscillation SQUID (DROS), and planar gradiometer for
measuring tangential field components. The DROSs with high flux-to-voltage
transfers enabled direct readout -of the SQUID output by room-temperature
electronics and simple flux-locked loop circuits. could be used for SQUID
operation. The pickup coil is an integrated first-order planar gradiometer with a
baseline of 40 mm. The average noise of the 40 channels is around 1.2 fT/cm//
Hz at 100 Hz, corresponding to the field noise of 5 fT// Hz at 100 Hz, operated
inside a magnetically shielded room. The 40-channel system was applied to
measure auditory-evoked neuromagnetic fields. ’
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Fig1. (a) Schematic circuit drawing of DROS
and (b) structure of the
gradiometer.
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Fig. 2. Noise spectrum of the DROS planar
gradiometer measured inside a shielded room.
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Fig: 3. (a) Schematic circuit diagram of the
FLL circuit and (b) SQUID controller.
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Fig. 4. Assembled structure of SQUID insert.
40 signal channels and 4 reference channels are

used.
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Fig. 5. Distribution of SQUID noise.
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Fig. 6. Photograph of the 40-channel system

for measuring neuromagnetic fields.
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Fig. 7. Auditory-evoked magnetic field signal
The stimulus duration is 0~0.2 s.

a9 78 A Adel A% Aol o 80
‘dBe] A7IZ 1 kHzel AAATE 200 ms T
e u LEF X9 FFY BN 2
B AL 23 Aold. W& JldE
g o7l Q3 AFFH AFALelS BFL 1~
2 % Apoler] Qo= WA 3ok A 60
Hz AA fAEs}t 03~100 Hze] djd953 He s
sty m 128359 JHEAES sk A/D Ft
=9| sampling rate= 640/s ojr}. 2@elX BE
o] A= ANANRo 2R o 100 ms Hol A%
Azl ¥z, 2, N100m #=7} S=ln ik
N100m sz} @7 YAd w2t =2y 4%
@ Asg Feuls /HRe ¢ 4 Aok A3
A7) FAol the e WA AR B
w2 Aot

7. 28

HAE 23S 9sto] 40 A2 SQUID Al~H
2 AR FASAL BAsgck Agd A
2¥9 Fo B3 A&-AGABATIT Wl
2 Aze w29 SQUID AME Aoz A
ek dlm= SQUID #%9] 7HssleEE 3y
o, AR FRZEE 2A%) S5t HHP
13} v EAE AT

- 53] DROSE AMg3 Az ohAlid Al2®lo]
& 9ujg zZreth Alade] FE-2 100 HzdlA
1.2~15 fT/cmy Hz 6 o] AFFLe=z @
25t 5~6 fI/4/ Hzz) 9} o] & 32 ==k
T 2R FE3I ALY £ Qe FEdE 8§
g, A" AAHL olgste HAAF
s HAE AsE 2389

ZAe 2
E 47t ArieRel dvn(zezeds

Ax LA 2 AR 871 AE) A
2 FAHPFUD

P

e
lo

[1] M. Hamalainen, R. Hari, R. J. Imoniemi, J.
‘Knuutila and O. V. Lounasmaa, Rev.
Mod. Phys., 65, 413(1993). - _

[2] D. Drung, Supercond. Sci. Technol. 4, 377
(1991).

3] D. J. Adelerhof, H. Nijstad, F. Flokstra and
H. Rogalla, IEEE Trans. Appl. Supercond. 3,
1862 (1993).

[4] Y. H. Lee, J. M. Kim, H. C. Kwon, Y. K.
Park, J. C. Park, M. J. van Duuren, D.
J. Adelerhof, F. Flokstra and H. Rogalla,
IEEE Trans. Appl. Supercond. 5, 2156(1995).

[5] Y. H. Lee, H. C. Kwon, J. M. Kim, Y. K.
Park and J. C. Park, Supercond. Sci
Technol. 9, 34 (1996).

[6] Y. H. Lee, H. C. Kwon, J. M. Kim, Y. K
Park and 'J. C. Park, J. Kor. Phys. Soc., 32,
600 (1998).

[7] ol¢3, 7AE, A, o132, 437 *&
7], B3, Y&, 39, 86 (1999).

8] o143, AYH, AAE, AT, 0|32, &
7], B3, ¥3A 71543, 6, 264{199%).

9] 2% AL 2 HAE FA7e AR
(KRISS-99-093-IR), =t HF et T4, 1999.

_32_



