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Basic Investigation of Strain Sensing Using the Stress-Magnetoresistance
Effect of NiFe Alloy Film

Y. Okada, M. Nishibu, K. Sakamoto, T. Sato, K. Yamasawa, and Y. Miura
Spin Device Technology Center, Faculty of Eng., Shinshu Univ., 4-17-1 Wakasato, Nagano City; Nagano 380-8553, Japan

A new method of strain sensing using the stress-magnetoresistance (MR) effect was investigated. In this
study, an NigrFeis (at.%) alloy film with in negative magnetostriction and a magnetive MR effect was used for strain
sensing. The resistance increased with increasing compressive stress and decreased with increasing tensile stress. A

gas pressure sensor was demonstrated using the film.
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Fig.2 Single-domain model of the stress-magnetoresistance effect.

Journal of the Magnetics Society of Japan Vol. 31, No. 4, 2007

NI | -El ectronic Library Service



The Magnetics Society of Japan

(2) pDHEHE 0=g=<r2 T 5.

3) ABREREZ O L L, P—e T R EE LAV,

@) x WFEIZIEAEMELBbDL L, x DEDKE%E]
E’VIENG(>0), ADFRZEMIEo (<0)LEDB.
(5) b7 MM & x 8D TAEILT S,

(6) xBHFHICEREBEESZ bLVjEEx5.

22 MBIk AT — 4 >~ FOEK
ISAEHNIEE OBERN DT RN X —%E 2 5. 2.1 HTR
L7 BREXE 7 VIC X AT ORI g, BitEbo
BITFNK—EX, BHFETRIVE—EY L BB RN
F—ESDR L LTEBRTE S,

E=E,+E, M
rEL,
E, =K, sin2(0 -¢) @
E, = —l”’-/?.sacos2 é
2 3
ThH. ()~FRPORAEES.
E=K,bin?(0-9)-Feos? 6} F=Z§U )

ZIT, A BEEELR K Z—#BMEIFEEETHD. @)
KPP DONRT A—F F i3, BEHEET R F—L B xR
AX—DEERTODOTHY, BEOXKNERIIEETS

LB, BEEBBOERICL-THENE{TS. A,
&K EEBICHMBIERE BB, F IS e T 5
LOLLTHIZLENTES, K, > 0 LTHIE, FOBE
HHEEOEALGEHOEATRESN,

BMENEDHE (1,>0)

F>0:0>0, F<0:0<0

BEPADOHE (1<0)

F<0:0>0, F>0:0<0
&b,

Fig. 313, BEEEEEA (A,<0), BMLASWFN ¢ %
/4 LIRELEBEOBMRE—A L ML L 2T RAF
—EDBEHRE FENRFA—FIZLTHE L LD THA.F
<0 B8R D ISFIENN, F> 0 i3 EMEIS HEIN 2 Bk 5.
FIXOHEI R NX—E 2 BFHER K, THRML L
E/K, TERRLTHAD. HPEOOHIILTRNF—E BN/
ERBIERE—AV PHFMUERLTEY, YROBHEEL
T, ABIEHOEMZ & > THERE— A Y MIzRVF—
B/ANERDHFMICEEET .

TRNF—F/NE IR AR T — A v PO, XA D
BUTOL L5265,

_ sin 2¢ (5)
cos2¢ +F

0

Fig. 33 AMEZREL THELTWADT, BIEEVIESN
EHMLZBE (0>0, F<0), BEE—A MIbH LD
RALEBEHNTH B n /4 DISHENFRMEERT S 7
/2 FiCEET 5. ERRDZEMUEZ$HE (6<0, F>0),

Journal of the Magnetics Society of Japan Vol. 31, No. 4, 2007

=== F=-10
cm—- f'=-5
&5 10 T S =-% ™)
— ()
R A
CF=2
g F= =~~~ --«E;:g 4
~~~~~~~~~~ A o
E ~~~~~~~~~~ (F=10 A
T ok ©
g B =
N v
r-g ©
~
=]
Z
_10 : 1 i 1 L 1 I
0 /4 /2

Magnetization direction ¢

Fig. 3 Relation between the normalized energy and the magnetization
directionf. Easy magnetization axis: ¢ = n /4.

Rmax.

ARo

Resistance R
=3
Q

Rmin. 1 1 1
0 /4 /2
Magnetization direction 0

Fig.4 Relation between the resistance and the magnetization direction.
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Fig. 5 Relation between the resistance R and the parameter F.
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Table 1 Sputtering conditions for the NiFe film.

Target Nig;Fe3 (at.%)
Base pressure <6x10"*Pa
Ar pressure 0.7 Pa
r.f. power 500 W
Applied magnetic field Longitudinal direction of sample
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Fig. 7 Magnetoresistance measurement for the NiFe film.
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Fig. 8 Experimental set-up of gas-pressure sensing.

Fig. 9 Gas-pressure sensing apparatus using an NiFe sample.
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Fig. 10 Magnetization curves of a 1-mm-wide NiFe film.
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Fig. 12 Magnetoresistance effect of a 1-mm-wide NiFe film.

Change in resistivity 70/0 [%]
Y

B & ERTFICE£500e O THALRIIL TERNE
AELZHEIT, 2 BRTCERAORRZ C— 7 BB bh T
W5, BIERERETREBDLNAN, Fox v L LEER
i, BEDLZ A, ARETIZRV.

Fig. 12, 136860372 L 312, WThOBREw OBE
b, B & EATHRICEER 2 HMN LS8l s mL,
B & BRI AR ZHM U2 BEICERA LD LT
5. w=1 mm ® NiFe BEITEH & B HFRICREREIML
TEHBE DEREMBKEVDIIR LT, B &L FITHHEIC
BAREM L 258 0BRERZENCTHo 2. Zhik, B
PEDE 1| mm BB ORMLASWTITRBORFHW
CHDHTHY, THERCFEICEREMLTHHIX
PR E— A FOBRIXENTH Y, BHOELL/IHE
V. B Lz K 50z, BBROEV 2 mm BREHTIX, ®ib
BESHMPRBRFFAPLENTVEHEDOLELLN, B
FEFEITHR, BERFRELLICHATEHML TS 1 %8l
BoBEHELI /LN,

42 SEEHEV I UTDRIERER

Fig. 14, 1512, w=1, 2 mm ¢ NiFe HERE 2 HTIT
ST At FRAFE RV T OEBRERETRT. ZhbDR
TiX, ArEND 0 OFEOEGUELZ ERE L L TERLOEL
LTRLTWS. Figl4, 15 TF—FBRELTNB LD
IRADDIE, 1kPa A TOEW Ar HFAESTIiE, 2RT
— & L LTHWE T RESFORESHELL T TH LD

—
o

)
: v

~—— Direction of
length

--~=Direction of
width

- 50
Applied magnetic field H [Oe]

Fig, 11 Magnetization curves of a 2-mm-wide NiFe film.
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Fig. 13 Magnetoresistance effect of a 2-mm-wide NiFe film.
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Fig. 14 Relation between the Ar gas pressure and the magneto
resistance of a 1-mm-wide NiFe film.
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