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Abstract High-efficiency magnetic shielding is very important for the reliability and
stability of ultrahigh precision superconducting quantum interferometers. In practice, high
permeability bulky multilayered magnetic shielding, or small lightweight shield buckets with
differential plane gradient meters are generally used to realize ultrahigh sensitivity signal
measurements. In this paper, a new type of high performance magnetic shielding device is
proposed, which is realized by combining real-time dynamic magnetic compensation with
high-temperature superconducting coils. The effect of the hybrid magnetic shield has been
evaluated using numerical simulation and experimental measurements of the axial and transverse
magnetic fields; the shielding factor was found to be as high as 80 dB. This new type of active
magnetic shield with a high-temperature superconducting ring improves not only the axial but
also the transverse shielding effect.

Keywords  hybrid magnetic shielding, superconducting quantum interferometer, high-

temperature superconducting ring

*

EZEERE TR BImE

O3 - 464 (2017 45

- 307 -



1 5]

i

W 8T - T DB S0 R v A A e
ARBITHZ B, B ook B 2, X AR
S o -2 5 S E G52 B ) LR S5 B v A R A )
SO, S e S LR S TP (R SR 57
T FRL R 5 S SR AR R e e e AR
AR, X R B i AR GE A T B 5 iR
Ot Be i B, AT AR A 280t o 20 26 355 Tk 1
A, AR T A R e iR, AEAE AN RE
5 S 0 2R (e R BF A IR ) . A T ax AN i
B, MR A BB B, . *f
TEAL DR AR BEAT LA BT, MR B il X 38
B AR s R A P & BBt el % A s b 2 R Sttt
FrBEw™ s B i A S bR AT A DR
R F v o A8 S A RS BRRATE M RHE T B A R
[

AR SCHR H — bR Y v Ak B kB il
A, BIRFSEI 0 2 AR A% 5 el s T P 5 2
Bl DR AR 25 & O T3 76 o 1Z0R W L AT LATRIIN B i
BT Sl e, Bl DR 8o e Al ik 80 dB,

(b

2 B SRR R

2.1 BEINHIH R
RS T 5 i 1) s R 5 v o SR R i 11
S R B SE AN ], 8 5 R F ) A R
BBy, HTBSE “Anilr” HNEA
ARG, A RINRAE — W EEE B TR N
i, WalEFHRBRETE N5 2RI
Yy, PRUENERESY 98 AT, Xt Az 8k
. BLERZBEMD, NHEDZER, AFEIMN
ER -8

ST — > SRR R o AT R S B RE D
AT LA A — > H BH AR 2 L B — /> B AR H e
. R T, fiRiZmim e

NZLOGL;' +Ri=NAB,o cos(o1) , (1)

Hh NIRRT R, Lot — LGRS, R
e LS A FLPEL, i LB IR, A A 2 P T AL
A A . (DARAA L2 R (e SR H i
B HEIXH, BMMRE—AHHIRIEZEY, f
WRo, WHEEB. E£—1TESH
ReFESRET, BIR=0, DAL
B, LB

. AB, .
i=- NLosm(wZ) . 2)

*HQRMFBTLLN, FHEIL 21
SHHy

iN=- A8, sin (wt) . 3)
L,

FABRTCT5 #2008 3 R B B i
RUEATHEIT . HIA PRI Hrikidar i
T IR R = s ) BB 4 ] 1(a) BT
R, HMERTER A TCIRR A ZE <,
O DB A AR R . fEBCE DA A%

0 0.5 1
A7 H/m

BT ()t PRAY =2z AR s ()R [h o 2 Aoy A Bl 5 ()b 1) T 2

BERE AR L (d)— At 1 5 A 1 R 2 A 3 2

- 308 -

AT 2 B e — /> T #a 3 B 2
Ja . RBURZHIRL SR TR AR B
1(b) A 1] B e 25 FE A 23 A ], AT
HRDULINE] , S P PN T 3 AL

1.5

W39 - 463 (20174F) 5 1)



AN, BGEER, RS BA B R,
7R R LR AT N B s, W45 AP B RS
FIt AN B a3 /Nl 2 AR - P 1(e) Ay il 7] Tk
W RERL AT B, fEHORNER b, BRI E A
B /ME, T EE B #D Sl HE R AR T 305
i, P& 1(d) B g 2% il % 00 BIZ R B DT TR
(Bl x %), Ho=—1m B x=1 m bk e il % R
RAMENE AR X[ — 1, 1RSI 5
BNz, Hz=—1 m3] z=1 m Qb5 h) #d 2 B
R/NEDE A= 1, 1]ihk), HE 1 AT
VFE- T 20 N B ol 25 FE R LIRSS /N AEN
MDA G ENRLL, WS Wi KRR R R 2y . L &
R, BIVER R HL IR AR A A IR TR R 2 18
wWeg, MMV EMLE, EESER. E
Hh £ € 2 Ohy Al 7 T % R ThL DR, RS
BN, b E A o ME.

2.2 EHFwRSBSHESRER

=z AR 22 B A S R R, T3
20 = 2 I 22 2R B G N — 7 B PR A2 3
Yy, WL, &R CABR R 2 AR L ik
Y, SKILEWEAME, (HR TR
TP AN — L rh g S A Wi TE
L bR, Lok Bl AT LA
SClRIX LRI, 454 a3 Rk
) b 2 L 55 A0 5 Wk Bt
=P BRSBTS,
AR T —A T vl sh# be ik
ARG, wE2PUR,

2.3 ZWHER

A R T
(SQUID)*}i% & Gt i1 5t i S8R
FroEtE o pr. FRATHE & R &
J 19 SQUID Ji£E B ik X 3, A
=& B bR, A i 538
2, SQUID ML, R 4nE 3(a)
Fiocs RSB R, ~

439 - 4635 (201747) 5 1)

n=%hz e, SQUIDMIALEHRANE 3(D)FR; =
ek A AR b, SQUID MK EE R anlE]
3. M 3(c)nl LATE 2R B INAY = Mk,
B BT, M4 TR, BT
MU R oRBUE A O BRI, Bhir SQUID HE AR
WPUE TARRE, aTLARIT s IR, &
3(a), (O)AWIEAYS S T, Wilh" =i
SQUID Hyilll : H A2, SQUID AREREATIEH T1E,
P, mTUAUE BT 2% B RE A 20 bt i S 5t Wi
T, f# SQUID fEpL 3 B h g b 4T TR, A
FHAE S 50 5 O W B i 2 0 %2 )2 2 & G R RO o
WA o %% B A LR A RS . Bt — TPk
T B WIS, 5 TR AT — ZE A S I LR &
G E .

X% WO BT B MR . RS
ML, Bl z=0(z1=0)4k, &R xfh, LA
10 mm 2y IBG, 395000 94 /. B Al SF=
20 log(BJ/B:), Bz b i -2 Je I - Al v 3 (1L
BT B RGN ey (6. A LHES
PR e i B R DL T (=0 ih 22 m i A il 390
B ok T, z1=0 i 22 on A B 5 20 Bl &% 1
), v R R ] % i s I A Y SF 8RB

B3 SQUIDMIAZR (a) UH=ShLk el s ; (b) U Tk bl (o) =%hzk e
SR T Bk

- 309 -



T P, Rl e A e

@ ] Ve TS, RREBO/NT 210

60, o e WCHIERESCR . HIE, BR
ﬁi gi R BE HEAE SQUID 1% Jg& 25 Jil
B, E el B AL T RO,

=

£ I vt I 3 HRiE

-30 -20 -10 X/I(l)’lm 10 20 30 0 5 I?c/mrrP 20 25

AR 3 B S

B4 () I AREBER AR OL T, REHRIMREER s (D) Al B AT A

AMEE 4@ SRR, i B R T
EeC i IR Bk RAOR, £ K10 dB, fE
DX, SFARKIE, #vEF1LI7m, SFEH
e I RTLAUE, 8-S IR1E z Sl B i
WA

RE— 2 %R S IR A AUGE e XIS AT IR AT
FEATR] e BEAL BEAT WaSH TN, dnTE 4(D) . M
IZE AR, fEZ1=080, A X805 R 5
whf HAR M SR, 1538 x b, DRl N 808

Z% 30k

[1] Sumnert T J et al. J. Phys. D,1987,20:1095

[2] Mager A J. IEEE Transactions of Magnetics, 1969, MAG-6 (1):67

[3] Tanaka S et al. Journal of Magnetism and Magnetic Materials,
2009,321(7):880

[4] Tanaka S et al. Superconductor Science and Technology, 2006, 19
(5):5280

[5] Octavian B, Doina C, Miuta R. Bioelectromagnetism Laborato-
ry——=Case Study. IEEE,2013,2442—2447

[6] Baltag O ef al. Advances in Electrical and Computer Engineering,

2010,10 (4):135

- 310 -

ShecREA SRk, BET
CASERFEATHME , 3B /T UG
BN 2 AL #ESH TP, A BOAT LA 2040 57 i il
ity , & rTLABEROON RES TH0, A8
TS SRRGICR . AESLBERGASE T, AT LARE
e R SQUID SR BEAT I 58 il i . FRATTH
RE— 2D i 12 B i DX RO A [+ e {5 43
KBRS B SO

B OB RRLEXFWERGERRAE
A X F R IT 893T8 5 a1k

[7] Rabbers J J et al. Superconductor Science and Technology, 2010,
23 (12):125003
[8] Otsuka H, Itoh I. Journal of Applied Physics, 1994,75 (10): 6966
[9] Gozzelino L et al. Superconductor Science & Technology, 2016,
29 (3):034004
[10] Gozzelino L et al. Superconductor Science & Technology, 2012,
25(11):115013
[11] Chen G et al. IEEE Transactions on Applied Superconductivity,
2010,20 (3):997

W39 - 463 (20174F) 5 1)





