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(b) Noise spectrum of the magnetometer
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Investigation of serial magnetic tunnel junction sensors for high

signal-to-noise ratio in eddy current testing

Zhenhu Jin, Muhamad Arif Ihsan, Mikihiko Oogane, Kosuke Fujiwara and Yasuo Ando
Department of Applied Physics, Tohoku University, Sendai, Miyagi, Japan

In recent years, magnetic tunnel junctions (MTJs) based on MgO barrier have been attracted considerable interest
due to high tunnel magneto-resistance (TMR). An earlier study reported that TMR sensor based on MTJ can detect
small field change, which indicated these devices can be used in eddy current nondestructive testing (ECT) field [1].
However, it is still required to develop a sensor for detection of different defects. Considering that adding serial MTJ
number in the sensor can improve sensitivity [2], an optimized serial TMR sensor can provide a high signal-to-noise
ratio (SNR) during ECT. Therefore, for achieving high SNR, we fabricated sensor with 4, 16, 28, and 40 serial MTJs in
1, 4, 7, and 10 rows, respectively. Furthermore, we investigated their detectivity and analyzed their output signals to
determine the maximum SNR for detection of different defects in ECT.

The magnetic film structure of MTJ was SiO,-sub./Ta(5)/Ru(10)/Ta(5)/NigoFe2(70)/Ru(0.9)/CosoFesnB20(3)
IM@O(2)/CoaoFes0B20(3)/Ru(0.9)/CorsFezs(5)/1r2Mnzg(10)/Ta(8) (in nm). These series of 4, 16, 28, and 40 MTJs with
10x10um? top pinned layers and 15>60um? bottom free layers were fabricated with photolithography and ion milling
processes. After fabrication, for achieving excellent R-H curve, the fabricated MTJs were annealed twice in a vacuum
chamber using different directions and temperatures [3]. Furthermore,
automatic ECT system was composed of an excitation unit with a function 100 0030 @100 Hz
generator which delivers excited signal and sensing probe with the prepared
MTJ device. The surface and back-side pits with various regimes in
aluminum and copper specimens were inspected by using ECT probe with
TMR sensors.

Figure 1 showed the dependence of detectivity of the sensor on serial P H 2D demes s 1
MTJ number N. It is indicated that the TMR sensor with a large MTJ “lo 100 1000
number can offer small detectivity. However, since the inhomogeneous Freaneney (1)
secondary field induced from eddy currents in the specimen, the disturbance
of field strongly affected by the distance between individual MTJ and test
specimen during defect detection. As shown in Figure 2, the ECT result
when different sensors were used to detect a surface crack, the noise
amplitude increases with the number of serial MTJs, which indicates the
dependence of noise on their number. On the other hand, due to the
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offered considerable high SNR. This study suggested that the optimized
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Fig.2 The relationship between
amplitude of the crack-free signal and
noise during surface inspection with
different sensors.
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(Research Institute for Electromagnetic Materials, *Tohoku University)

1. [XC®IZ

UF U LA A 2 IREMSE O &SR B A %
HryE LT, mEE, HofK/ A X72 CPW (Coplanar
Waveguide) {5587 AR o V8 Y 2 — L & B
L7-.

2. EEBAE

Wit o HE T, DRSO A RS SR R
FL LTSN TWVWD CPW (b B AR
TV EERA L. REE, EE/RIE, FEHR-77
RS, % %2000um, 300um, 50um ThHbH.
M 1%, CriCu/Cr/Au (JE7 0.1/3.0/0.1/0.3 um) Th
5. FREEICE, gL LCo CoNbzr 7EL T
7 A (JE&E 5um) ZFlL7=. CoNbzZr fili& CPW
BRI OMERRIEIC X, SITIO3 (STO, 3um) Z V-,
F A HRO IR %, 1,600MHz ToHh - 7228,
FAER O AR EIC XY 500 MHz H#ICIE T L7-.
15 B AVER SN & L ClE, 48 FR-4%J8 PCB i (4+
1 150mm X< 100mm) _EiZ, RF HEEEIES, B
BRI, PSD [HIH, 7 Vvinl e 25 LG5
JLERAR— R (JEIEH 500+50MHz) % e L7-.
X U7 ORAERICIL, Agilent N9310A Z i L 7-.
Bz, ~LARLYyaf LERHL, 8EL-
YUY EY 2 VOIARVERER M L. £, B
RUBENRRIZRD LI, FlaA kb 05mT
DEFER A T A5 L.

3. REER

Fig. 1 1%, BE L7= CPW B AM S & v &
Vo — )V OREXUEEREE (BZTbRL 100Hz, &% Y
7R 500 MHz) TH B, BESEEEE 100 nT £FaT
OB EIRIC B W T, MAEE X, 03 mvinT
(Ich_0deg.) Th o7z, Fiz, BT —/V RO S
TN REREICEB T AHHEERIL, 5nT
Thotz. /A4 RXE, ELLT, #liTokH7%
AIERNC LD LD TH H.

Fig. 2 1%, HHEE, BLONHOEEE X ¥ U

T AWK TH D, v U 7 A 500MHz fF
T CHRRMEZ7R L, HIMEIX 0.20 V (Ich), 0.38 V
(Qch) (BRI 1 nT) Tholo. £z, MAHIL,
Ich, Qch & HiZKI-20° TH o7, FEF L(E 50
R— RO r—7 ML s BLEZ 5ND.
A%, BV HET, B XOME SR O i
{RIC X 257 2 SR, 38 X OWMELO BB K &
ZF v U RMEBNEREE L THEITORS.

BE R

1) # bk, fth 25 41 8] HABR F P ek =
4 21aD-2 (2017)

——Ich_Odeg. —+—Ich_90deg Qch_Odeg. ——Qch_90deg.

2.54

y
2,52 A

2.50

2.48 A

2.46 A

Out put Voltage Vo [V]

2.44 A

2.42 T T T !
Q 50 100 150 200

Magnetic Field H [nT]

Fig. 1 Magnetic field characteristic

—=— | ch_amplitude Q ch_amplitude =——=—|ch_phase —d—Q ch_phase

0.50 60

40

20

Amplitude V [V]
o
w
o

o
Phase [deg.]

0.00 + T T T + -60
4.E+08 5.E+08 6.E+08 7.E+08 8.E+08

Carrier frequency fc [Hz]

Fig. 2 Carrier fregency dependence of V and phase.

— 275 —



14aD -9 F42 Bl HAMKF TR (2018)

FaradayZh RAAE 7 v — 7 Bt P RAKSR I — 27 IR O%RE

LR S, FRbE RO, MEH (K, AR Ay, SR B, R N
EM KT
Study on shape of magnetic-yoke for Faraday-effect optical prove current sensor
K. Yamazaki, Y. Fujishiro, K. Shiota, K, Iwami, M. Sonehara, T. Sato
(Shinshu University)

ZLC&HIZ

BE L, NU— L7 hr=7 AZEWT Tl TER) EE) ofdlza R L TRy, &tk
ERRDHNTND. FEH I, BRI/ TER A X2 < @RS C b E e Bt v 0%
HAeBHL, MM Faraday 2B A2FH L7270 — 7Bt o o5 - BREEZEDTWAH D, £/

BT o DREREI RO DT sy FICHEMERR F M (R = 20) 22 HWc#k s —7 &
BRELZ. ATIE, oMK —7 OBRERGFIL, ERIZOWTHRRS.

BinsE

Fig. LI T L 9IS, BRI —Z 1T 7 A NZBR S EL1DDIEEIEY, MEREZ Y N v F T 5 &
21, :o@&éﬁa—&%ﬂﬁbfﬁaﬂéb, WEMERRICEIIN SN DR 2 = o AT DR L Lo, B
fElTY 7 FIMAG # W TSR T — 7 D TR aB LUK T — 7 MO X v v 7R L 2 Z (LI T 56 TOw
PEBEICEIIN S VAR H 2T L7, 7eds, AT CIIRES 3 — 27 IR 0T 510 & [R5 AT 8.0 KA/m DR
ZHIMEE 7.

fEHTRER

Fig. 2 ICfEX 3 — 7 O FIE a Z 2L S 756 OBMERICEIIM SN 288 H OBfR &2 r~7. R LY, an
FELRDIHEVBER I =712 0= 2SN HITH 6 ETEDONDH, 900 TR SEm AR
SNz, ZhiE, a2 R<THZLTI—7OmBENPEML, BibEMT 5720, HRKREL 25089 —
JIZE > THEBTEXOMRIIZIERBR S AT HBERT5EE2065. LER-T, MKI—7 &2HE
AR T D2 ik, BERBCIb D HZED LD, a>5.0 [mmiTkE RN TN B30,
Fl2/NUEOBLAE B H a=5.0 [ MM ZY THS.

Fig. 3QICHEMR I — 7 IZB T 5 X v v 7 E Loxt3 2 BeEfRIC Eﬂbuénéﬁéﬁ? H OBfRE~7. R X
D, Ly = 0.225[mm]TH MABKIEZ IS Z & 235 - 7=, Fig. 3 (D) CREMEIR &2 4 A e = — 7 AT o
WEHEE F/I/%7°D v FL7ebDERTR, B UV EREOHKICHTH ST 5 DIXRK TRILOEI T, Ly =
0.225 [Mm] DG E IR EE N R bm <, ATEETIIRETH DL Z LR ahoTe.

FHELHIL, ##ﬂié@ﬁﬁﬁﬁ%&, RIELIT— 7 ORIEMEDBRRS.

H=8[kA/m]

) N > % somm_, Lg 0.2mm
= o © 1.0mm eya T
Magnetic film §50 « ° * B il | | I . I
=, « ° =50+ e ® e
540— . 2487 . .. R ~ =
_. €30 i Sl , 1 e
%w 1 i ’ i O
E [ ] g4 b I .
smm T A 6T 8 910 81 0z o3 04 -
One side of yoke a [mm] Length of gap Lg [mm]
Fig.1 Model of sensor head  Fig.2 Analysis resultin H vs. a (@) Hvs. Ly (b) Magnetic flux density
with yoke. Fig.3 Analysis results of trapezoidal shape yoke.

SE Xk
1) M. Miyamoto, et al.: INTERMAG 2018, CW-14 (2018).
2) N.Yabu, et al.: The Papers of Tech. Meeting on “Magn.”, IEEJ, MAG-17-156 (2017).

— 276 —



14aD - 10 %42 8] H ARSI (2018)
FeCo-MgF )/ 77 = o T — il %2 W T et = o

REGHAT, /AIRMEE . fHE R, e —
(R
Optical magnetic field sensors using FeCo-MgF nanogranular films
H.Ohba,N.Kobayashi,K.lIkeda,K.I.Arai
(Research Institute for Electromagnetic Materials,DENJIKEN)

FLHIZ

T A= "V A XORENMESTERLAD3, 7 vbthie EOfgE~ Y v 7 AWML T-EEE R/
7T = a7, aEREE AT D LT, RERMROCFDRE (T 77— BTV, £22
NWHF /=27 @l BEREEAET 20T, e ATV VAR R WBMERE 2R T, AR T
RO EAT DT ) VT =2 T —EEE . R
T IS T BRI R 7 FeCo ML & RO D728 P

FAURE Y 7= 0 D~V T E R A PEAERE S & L CEHE = émmm““?\}fmmMe
L./ 77 =a7—#ED FeCo #lAk & OEARIZ DWW — Mimor
CHSTRRERET S Polarizing beam splitter Z|
;ﬁjﬂ-if @ Z ﬂ Beam splitter H

F ) U5 =2 T, JEE 05mm O T A KA ilEavephe ﬁ /
Iz, RF ARy 23BN 2 7 METE- U, [ poodioe - Prtinor

Mirror ~ Helmbholtz coil

Fig.1 12, el R o Ok & 3, BIRIZIZ & 1.55
um® LD (L—W & A A —F) ZHWz, HFENLSLD

Fig.1 Shematic of the optical magnetic field sensors

L, TS o TR A SLE L, B N

INVOEZ L CIRe Y ESS B TN B o0z ey

+5. TORERFIF—IC TR Sh, it —2 % 001 S

27 Y S THIIZT 5 2 D DRIER 58 I ey

Sh, FNEFNPD (74 b A A —F) TEREFIC E ool AN
EMEND, 7777 —EEAONEIL, Rz~ z AN
DAY I VB E | B AN 2 T o 7. 2002 s,
ERER -0.03

-120-100-80 -60 -40 -20 0 20 40 60 80 100120

Fig.2 1Z. FeCo #j%&2% 20mol%itkltd 7 7 7 5 —[aliin Magnetic Field(Oe)
A OIMBIETUEAFE 2 7R, SMERREAU % L CIE#RAY Fig.2 Measured Faraday rotation angle of the Fe;;Coqg
27 7 7T —EEEAOEINELNTWDS, ~LTE MgFs; nanogranular film under the static magnetic field
1% 1.6 X10"deg/ » mOe, JEWLIAZREL 81X 053 um™* T perpendicular to the film surface

H5b, 35 -

Fig.3 1= FeCo &l 7% 14mol%7> & 54mol% % Ttk 30 -
DYEREFE S 3, PEREFE K FeCo #LAk7S 20mol% T =825 - o ° s
I KAE 3.1 % 10™deg/Oe 4345 5 L7z, FeCo #iLak28 20mol% E E" 20 o®
LIFOMEFCHE, BRBMEE T 20T, 77 77— g7 15 o°
[FEAA OISR I e A7 Y VR TR B0, =T 10 60

BTk 0 > o

0.0 — o

1) N.Kobayashi,K.lkeda,BoGu,S.Takahashi,H.Masumoto, 00 100 20'26Ci?£01%§°'° 200 €00

S.Maekawa,Scientific Reports,8,4978(2018)
Fig3.Figure of merit vs. FeCo concentration of the FeCo-

MgF nanogranular films

— 277 —



14aD - 11 H42E  HARBSRTFSFGEFAZLE (2018)
HAPIIEGADERVED & Bz 7 )L 7 7 ZWEME ) R > 03

R —EE
(P %SG RS2 T
Evaluation method of amorphous magnetic ribbons for the FM-OFG magnetometer
Ichiro Sasada

(Sasada Magnetic Instruments Laboratory)

[EUSHIC FARWRER 7 7 v 7 27— F(FM-OFG)iZ, FEHD320014FE D AR ELAMTHEHES TR0 THE L
73, ZDOHRE CHEFL, 367 v ¥ RNV TOMEREHINTE S L) ICk->70, £ETAT, Lvy¥Da
TISH = R Z VX 9 E T 384, FM-OFGIZHE LTV 2089 ERNICEHMETE 2 HENEE L
W, AFETIEE Y~y FZEMEL 204 72y FNETRANA 7 AEBIROBIRD & W E D A% & T EESRL:
DREDTRELE 2 D120 EERT, F, FirlBR LT ENLT7 7 AGHEEHIIC X > THEEL 2 v 3
DHEERE R WS T 5.

FiE MEVWZEL7? 7 AWEY R 21K, brviddhRehOihFcvoFRlicLzbozare L,
HY—v~1FF—vDhZEy L4 Fag Vlley 77y 7af vz ot ryy~y FZ2fET 5. 20
Uy PR —V FNICEE, 2 73 SSE i S TE N A 7 A Bifliae 2 B L 72 i B 2
WT 5, COLERETIFEEEDOREZIDS, a7WIKHFET MR EED ) RV S DHE D
PEZHZ 2L TES, 72, iwllNT 2FHEEBLIRBOZND S, WKRETEORE SBT3 EHZ
B2 EDTES,

BR AiEMetglas2714AY) AV SR mmic A Y v P L72b D (BMLEEEL) &, CNERELZTELT 7
2 R DIEI mmA Y v M AIEVLBLZ i U 72 > 7 VIO W TEHITL 7261 %2 Z L Z4Fig. 1 (a) 8 X U(b)
IZRT. Fig 1(a) Tlin=194mA L L, FO»)TIEFAI17.7mAE LT3, FEEEIIETE 20 kHz, %% 100
kHzTH 5. MERTHREVBFEL TRVUOT, BEOHEITH F D BERPIMOBBITER T 5, hitkfizo
DHE DML iac=iae| D K2R T, Fig. 1(2)D+0.1 AD WEITIEBEENIZLZ LD -0, aX VD L) 1Tk -
Tk, FEIOHIMDi T v OMEEVBREZ V., —77(b) TIEBRRERIREALIER (X0 D /N S W HELPH T D A

EUTWS, F72, 7%y FMIERHLIT/NSL B3 2 L oA ETEIZNE W,
10

Pl 60
_ 8 Vi 1 =50
> N\ >
E 6 M 1 E 40
g 4 | | g
o) . 5 20
2 10
0 Ll 0 Ll
-0.150.16-0.050.000.050.100.15 -0.10 -0.05 0.00 0.05 0.10
(a) dc bias current [A] (b) dc bias current [A]

Fig. 1 Offset vs. dc bias current. (a) as slit Metglass 2714A, (b) annealed Co-based amorphous sample.
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