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Research on the highly sensitive and triaxial superconducting/ MR
composite sensors

Zhang Qi,Pan Mengchun, Lei Shaoyu,Hu Jiafei, Hu Yueguo

(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract : The superconducting/magnetoresistive (MR) composite magnetic sensor is capable of greatly improving the sensitivity of the
MR sensor due to thousands of magnetic field magnifications of the superconducting magnetic amplifier. It is expected to achieve the
magnetic field resolution of {T level. Thus, the demands of new weak magnetic detection could be satisfied, such as underwater target
detection and biological magnetic field detection. After decades of research, the related works of superconducting/MR composite sensors
have made important progress and a series of achievements. In this article, the working principle, highly sensitive, and triaxial research
status of the composite magnetic sensors are systematically reviewed and summarized. The magnification of the superconducting magnetic
amplifier has exceeded 1 000 experimentally, and the thermal noise at low temperature (4.2 K) is only 2 fT/ +/Hz. Furthermore, the
next research work is also briefly prospected in view of the existing problems. The related works in this article can provide significant
guidance for improving the performance of superconducting/MR composite sensors and promoting its popularization and application.
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Fig. 1  Structure and principle of the superconducting/MR

superconducting amplifier

composite sensor

B, o I A — A L A S T L 3 R i 1) R S SR
Yo RO REWAE DX R AT A 0 BEL A TR T B, B ]
LR BE R FE I RIESE T, TR R S
- 2% XIS ) R T R 0, D I O AN 1 TR S
V10 08 AR A (I AN Bl Wl 1 4% ) |, T LR UG
R/NBRERH A S5 O B2 sk %, DRt K
TR a5 0 L A J e £ 5 i R ) A e/ 0 BEL U R 5 4%
AR TR BRI R

2 BREBS/#HEXESERE

T8 SRR AS BB L BAR KRG A 25, R L,
NATH TAREE O 32 B A 2 i R/ B A SR Y R
SRR 4 BE 1 b, A OG5 A B AL 45 7 [ Pannetier
BA . HAS Tsukada FFIBA | PN 4 o B e B, T B 0 [ B B
KEFSE Gl ZAE R BT T RINBUR
2.1 #B8/CMR E4%LEES

2004 4, Pannetier 25" R ib 4T T B A 0L AR
SR AT ] — e S SR W L AR R T 5
¥ GMR #35 Nb B SRR A G, il il & th
HBF/GMR H A e AL A, e 2 BroR, HAA & 72
WEWT 4 L5 GMR #EME A K  GMR = 14-EE
il 5 da 2k 2 Mot (Nb S AR K M

& 2 #:HE Pannitier FI AR S/ CMR & & AL IRAS S5 44

Fig.2  Superconducting/ GMR composite sensor structure
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Fig. 5 Superconducting/GMR sensing setup for

magnetocardiographic recording and related results
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Fig. 6 Superconducting/ GMI composite sensor structure and

the magnetooptical imaging proposed by Wang group
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