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Fig. 1. Detection system using AC field excitation Fig. 2. Detected magnetic field depending on the
coil and magnetresistive sensor magnetic field intensity applied to the samples
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Pulse voltage of Wiegand wire detected by seven series detection coils
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Development of magnetic sensor nT meter with compact and high-sensitivity
Y. Tsuzuki?, M.Hikishima?, S.Honkura?, Y. Honkura?

( 1)Magnaire Co.,LTD, 2)Magnedesign corporation )

XL &HIZ

TENT 7 ATA X E_X—R I LI@EERRE T E LT, FGEYY MIEUHH GSR & ¥ RORRRITH
NTORZR, 2O ORFE T, HiEE %A KHz, MHz ,GHz &%Jm%é: ET/MIRBENER I N TE T,
GSR t X, FEWMEDTENT 7 ATUA Y ERELE LT, TIIZIANEYyFIuMO~A 7 a3 )LaERYFiF7-F%
T RWT, A% GHz Hrik & LC. ®eiE DR ) 2 i bi‘%ﬁ@l&ﬂ@z v OBEERESRS A IERT 52 &
T, BEE, BHRERE, BEXO R A AL ZAEZFERL TG,

AR, AR DIET MM R S Li i - Ak Ze SITIR AT D8Rk o Bkt A AME R R 5
BT /R ORI 7R & nT LoV LU OUMESR 2 m3 5 nT £ o Y OIFERERILL TWnD, LrLZnETok
PRV RTBREL v 7 at A XOBERRHAEECH o7z, FH DI FEEFEA LT 5720, GSR &
Y EFIALT, FTE 2mm BE T nT LUV OBMUMER Z R AT RE72 nT A — 2 2B I L0 THET 5,
EBRAE

FERICA 2 GSR 3 7% Fig.1 1Z3F, FeCoSiB ML D 7 E /L~ g
7 AFREERNED A ¥IZ, 3um By F O~ A 7 v A )Lz 586 [k 9 i ‘
RO THD, TENT 7 AT YRLNLLELTT R~ O

AEBHREABETHZLICEY, aAnbRETIF 7Y MER a) GSR element with 560 coil turns
Xy oA T oGS LTS PR OfF SRR A fERL L
Jibsg v R JE B EE 1-4GHz, EFTIREE 1X 40-100mA, /L A g
10-50ns 7 Efibfl/ N T A —Z OB LTIz, nT A —F OFFffiL
B, AR BRME ) A X B SISOV TEHE L7z,
ERER b) Analog Circuit board
il L A B OO JE AR, IR, VAR, 2L R A
ERFEFIRE ST A — B OEBE P, BRTIEFEM 2R EZ1T I,
—fil & LT, Fig.2 (2L A B O FR o o % 8 % 59, 3GHz

Fig.1 GSR element and Circuit board

P TRER ) A ABSEET 5 2 L B35 inD . FF(T A VIR 10um, :05
U A Y 2mm) & [FEE A FaEE T 5 Z LTl oo /47:‘03nT OFEB g /\
(SR LTz, E7z. 20um FEEE DRGSR 4 IE L2356, A E 1
JE DRFUREE 55 FG & o0 20 (FREE DR %ﬁ#é L %
B LTz, nT A —X ORI L L C /IR T O - O JihlEEIE 5V, %
bt FE D 100mA L THEBAIN/NS <, USB r—7 M L 5 fiifE7 £
(E - I, T 4 A KO E 7o TV B, 000 1o 200 300 40
Pulse frequency(GHz) @Fallin
BEICHR Fig.2 Pulse frequency v: mangetic c)-rsgcbnise ’

1)  Honkura, Yoshinobu, and Shinpei Honkura. "The development of
ASIC type GSR sensor driven by GHz pulse current.” Sensors 20.4 (2020): 1023.

2)  Honkura, Yoshinobu, and Shinpei Honkura. "The development of a micro-coil-on-ASIC type GSR sensor driven by GHz pulse
current.” Journal of Magnetism and Magnetic Materials 513 (2020): 167240.

3) 2024 R~ 7 AT VA T p5



24pB - 5 HAsl]  AARRAES SIS E (2024)

Wz oW nT meter |2 K A8/ NEEHEIR O Ko

R FE, A B, Kl #(E
(v 727 P A RS
Detection of micro magnetic field sources with the magnetic sensor nT meter
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Response of a long baseline gradiometer to rotation and swing motion under the earth’s magnetic field
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(Sasada magnetics and sensors laboratory)
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Magnetic Vibration Measurement by TMR Sensor for MEMS Application of a Magnetic Film
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Reversible response of anomalous Hall voltage in mechanical
deformed GdFeCo ferrimagnetic alloy thin film
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[1] H. Hachisuka et al, % 42 [F] B ASBE S 2 AAITRR I Fig. 2 V-H curve change depending
23, 14aC-1 (2018) on deformation
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Noise Characterization of STT-based Magnetic Tunnel Junction Sensor

K. Komuro!, H. Nicolas?, B. Dieny?, D. Oshima!, T. Kato' , R. C. Sousa’
! Nagoya University, Japan
2 Université de Strasbourg, France
3 SPINTEC, Grenoble Alpes Univ., CEA, CNRS Grenoble, France

In this study, we examined the signal-to-noise ratio (SNR) of magnetic field sensors based on spin transfer torque
(STT) tunnel junctions (MTJs), comonly used as random-access memories (MRAMs). In MRAM technology, STT is
used to set magnetization direction of the memory layer. By applying a bias voltage to the MTJ, the magnetization of the
memory layer can be switched through the spin torque of spin-polarized electrons tunneling from the reference layer. The
switching voltage is dependent on the applied field perpendicular to the surface of the MTJ. The STT-based MTJ sensor
detects the applied field by measuring the switching voltage. The basic properties of the STT-based MTJ sensor have been

demonstrated in Ref. [1], and reported a noise level of 21.8 uT/Hz'?

. To understand the origin of noise in the STT-based
MT]J sensor, we have analyzed the STT switching behavior of the thermally activated memory layer under applied pulse
or continuous bias voltage and an external field. We investigated certain MTJ characteristics that affect the sensor's SNR
by examining the bias voltage dependence of the STT switching probability and evaluated the findings using the following
methods. First, MTJ samples were fabricated with the perpendicular anisotropy stack, having a SAF reference layer and
a FeCoB 1/W 0.2/FeCoB 0.75nm free layer, structured to pillar diameters of 50-100 nm with lithography techniques. The
voltage dependence of the switching probability of MTJs with different pillar diameters was determined from at least
1000 pulse switching trials under varying external fields. The duration of the applied voltage pulses was 1 ps. The

observed switching probabilities were modeled using the following equation:

oer-cof - onl40-i2)

which represents the switching probability at room temperature, with each parameter in the equation obtained by fitting
the experimental data. V. and A stand for the critical voltage at 0 K and the energy barrier of the switching, respectively.
The SNR of the STT-based MTJ sensors was defined as the square of the voltage-signal at a 50% switching probability,
normalized by its variance. Solid circles in Fig. 1 show the experimental SNR obtained from different samples as a
function of A where no external field was applied. It is important to note that MTJs have a finite switching voltage even
in the absence of an external field, resulting in a finite SNR at zero external field. According to the data, the SNR increases
monotonously for higher A increases increases, which can be

qualitatively described as follows. As A increases, a higher [ -]
switching voltage is needed, and the stochastic magnetization 30

reversal is reduced because the thermal activation energy I »
becomes relatively insignificant compared to A. Thus, by
adjusting A of the STT-MTJ sensor, it is possible to
simultaneously achieve signal enhancement and reduction of

SNR (dB)
-

“

stochastic noise. The dashed line in Fig. 1 shows the theoretical [ /’
SNR for arbitrary values of 4, defining the noise as de,./dV.

. . . === Calculation
The theoretical results agree well with the experimental data and [ 7 e SNR® H=0 Oe |

Ix107  4x10T 5x10°
Energy barrier A (kgT)

the SNR is confirmed to be proportional to 42.

Reference

1) H. Nicolas et al., IEEE Sensors Journal, 23, pp. 5670-5680  Fig. 1. SNR of STT-based MT]J sensors under zero
(2023). applied field. The dashed line illustrates the

This work was partially supported by the European Research Council via theoretical dependence proportional to 4%,

grant reference ERC-2022-PoC2 (NANOSENSE No. 101100599).
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Tunnel magnetoresistive sensors using noncollinear interlayer exchange coupling
Prabhanjan D. Kulkarni, and Tomoya Nakatani
(National Institute for Materials Science)

R

b U RAEEIEST (TMR) 3L, HHRBICHKE LY 5 2, O R b7 ) HE 5 G55 23 Fn
ENDEHCEHEIND., ZNEFEBT LD, BHPELIRIC X5 iR TS, ItMn 5 M
ROZHWNA T A (—FH BRI 2D FERMLN TS, 26D HFIEIZIILL TOBER S 5.
—HSRER D E b O H BB, RIS T CIRZMDOIRRE L 720, WEEDORBENC K D28 2R T.
ZOD, BP-R R-H) #ITe ATV REZRL, MRV ORES ) A X7 D[] 12, —F
MR G2 L O OARBIXHEMX E 725720, EAT YV VAZEBTEL2H00, 7a vy JiREOR
725 ICORREVERIE A 2 [ CTH Y, 2 ORGP BNV L 705 Z ENEH LORETH 5.

2020 FEIZHE S 472 RuFe A—H—(2 k2% 7 v a7 GELRA) BRzcHRES (IBC) 211, WXt
e ATV OFFOBBRELILRT D, AR TIE, LKA TR, /a3 =T 1EC, L UGHREENE orange-
peel fiAZFIH L, HEAEMAES - 7o 2 THRE AT U VAN S WK R L.

EER

M 1(2) OFEfEHEE D TMR 72 F U7, SmBEMERORAL (moo & £ T) OBESIZMEE L6 R K%
OIZRT. 2KOEERE (PL) OBE mpry 38 X O mprs 1, ItMn ORI, T AZE D, +x FAIZE US4
5. Fiz, RuFe A=V —% L7z /a3 V=T IECIZLY, mpidmp EAE QuDFTRIZE L END.
Oua DAEIE RuFe OFEKIZ K - TIRFETZ 5[2]. mpr & B HERAL mp OFIZIE AgSn A—H—%Jr L7255
U orange-peel FREEMERE B 23T O &, meL 13 Qo TN — AR T 2 520, x ®ilJ7 RS EUAIN & 72 R
WX > TCme BEEET 52 LICLY, Z0O TMR EFIA & L THERET 5.

¥ 1(c)IZ RusoFeeo (1 nm)% PL1 & PL2 DD AN—H —|ZH\\ =& 1D TMR #hi#f &, a5y Lz
JEEMARARIAH /R & 759, Z DA, O~ 130°ThoTz. ATV v ——TIZBWTHE AT U U RI3HEHE
WZ/h&EL, /a3 =7 1EC & orange-peel & Z Lic— BRI T HEIC L - C, BHBIZHBW THBX
RREDBULIEHEENEH TE VD EEZXLND. B IXE e ST TRk 20 %/mT 27~ L7-.

SC#k [1] D. Wang, et al., J. Appl. Phys. 99, 08H703 (2006). [2] Z.R. Nunn et al., Sci. Adv. 6, cabd8861 (2020).

(a)[—caplayer
IrMn

CoFe PL3

MgO barrier

CoFeB-based
FL
AgSn spacer
Co PL2

RuFe spacer
Co PL1

Ir'Mn -10 5 0 5 10
seed layer HoH (mT)

X 1(a) TMR &> i, (b) BLALF, (c)F 1D TMR 35 L OV ph#R

200 T T 30

(c)

150  H sweep
direction

100 -

TMR ratio (%)

o
o

Sensitivity, dRIAHIR (%/mT)

Mp 4 pL3 0




#4811  H AR IS (2024)
WeRIRFIh R 2R A L 72K E i O R Et

KE  KEE, Igg WS, &m0 BT
(AT RRY:, 4 RAEEREATERT)
Study of hydrogen detection using magnetoresistive effect
Daiki Oshima, Takeshi Kato, Satoshi Iwata™
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XL &HIC

)= Rz X —JHE L COKENER SN TWDER, HAEED 7 DI P TKE ORI aH
BRDEND. FixDOKFEEVF—BIFEEINTNDER D, I X MIEWY. S4B THD PdITKE
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ERIAT D 2 L CRFEREDFTEEDRR 21T o 72

RERA

<73 hu ARy ZIEIZ LY sub. / NiFe(5) / Mnlr(10) / CosoFeio(3) / Cu(3) / CosoFeio(1.5) / FeSiB(20) / Ta(2)
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BAbZ#WEDRCTHRIHT 2 2 L 24E L, GMR OB A BBIZIERE ZeBEh I %2 FF> FeSiB J&8 % A\
7o, ZH NIV ITTT74BIPRAr A4 I ) 7% 0T GMR A K X 400 um OFIFRIRIZINT. L=, 1E
B 72 GMR 1% 0.1 MPa O/KRIZIRETE L, BERIRHIHEIAROWE 21778 - 72,

EERIER

PEN A EIC/ERL L 728 80 um @ GMR &1 DRI
HEPTHBR 2 3R ~7-. Fig. 1 1C(a)/KERTERTR L Ob)kHE
Wk i3 7 0D R e 7 1) O B AR PT R & 7 3. K SRR A
B R IRPT AR O AAE Y 100 Oe (T IZFIES D3,
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04 -
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Fig. 1 Magnetoresistance curves of a 80 pm wide
GMR element (a) before and (b) after H, exposure.
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Jia et.al., Appl. Sci. vol. 13, p. 6869 (2023).
after H, exposure.
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Magnetic Properties of Hydrogen Embrittlement of Stainless Steel
M.Konta,A.sato, T.Takase,K. Yamaguchi
(Fukushima Univ.)
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KRFEMEAL LW IKRBRERPIRAT D Z & TEESCEEME T LT LE S BIGT, M- OTeRiC A
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HHEFRIZ & 70 9 RFT R BEOZMICER L, ~ A 7 v U3 RBAMEE72 & & AV CEfMl - B2 17- T
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Fig.1 Diagram of hydrogen charging device Fig.2 Effect of hydrogen charging on the magnetic

properties of SUS304 samples
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