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Introduction
The superconducting quantum interference device (SQUID) is the most

sensitive detector of magnetic flux with the frequency bandwidth from
dc to over 1 MHz.

The SQUID magnetometers are linear flux-to-voltage or flux-to-current
transducers.
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SQUID = Superconducting QUantum Interference Device
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SQUID的端電壓V與磁通量之關係
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Question 1: The typical effective area of a high-Tc SQUID magnetometer is
Aeff = 0.2 mm2. What’s the magnetic flux density required for the
device to capture one magnetic flux quantum, 
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Ans: B = /Aeff = 2.07×10-15 / 0.2×10-6 = 10 (nT)

= 0.1 mG

Aeff = 1 mm2



Question 2: As voltage across a SQUID is a periodic function of the
applied magnetic flux, is it possible to measure more than one
magnetic flux quantum, , by using this device?
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Ans: 利用“負回饋”電路，使SQUID內的磁通量維持不變，則回饋
的磁通量即為測得之磁通量
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SQUID之磁通鎖定電路(flux-locked loop)

輸出電壓 Vout 與磁通量的函數關係： Vout= (Rf /Mf) 
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Question 3: What’s the flux modulation technique?

Ans: 在頻率fM = 100 kHz 的modulation磁場下,當SQUID的dc磁通值為:
0 , 即 VSQUID 波形的主頻率為2fM , 在頻率 fM的分量VL = 0
, 即 VSQUID波形在頻率 fM的分量VL為最大
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高溫超導SQUID磁場測量系統
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SQUID之測量能力
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Question 4: How to eliminate the environmental disturbance?

Ans: (1) 電子式梯度計 (electronic gradiometer)



Magnetocardiogram (MCG, 心磁圖) in an unshielded environment

IEEE Tran. Appl. Supercond. 13, 360 (2003)

0 2 4 6 8 10
t (sec)

0

40

80

B
(p

T)

MCG
0.0

0.5

1.0

V
(m

V
) ECG

0 2 4 6 8 10
t (sec)

0 2 4 6 8 10
t (sec)

0

40

80

B
(p

T)

MCG

0

40

80

B
(p

T)

0

40

80

B
(p

T)

MCG
0.0

0.5

1.0

V
(m

V
) ECG

0.0

0.5

1.0

V
(m

V
)

0.0

0.5

1.0

V
(m

V
) ECG

X

SQUID electronics

Filters

SQUID electronics

SQUID electronics

D/A
converter

Y

2nd-order
SQUID

Gradiometer

PC

Gradiometer
electronics



(2) 磁屏蔽 (magnetic shielding)

http://www.biomag.uni-jena.de

http://www.lightandmatter.com



IEEE Tran. Appl. Supercond. 13, 381 (2003)

MCG & ECG of a rat’s heart (in a shielded environment)
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主動式磁屏蔽(Active Magnetic Shielding)
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