) 32 2 3R Acta Phys. Sin. Vol. 72, No. 1 (2023) 018501

AREEMEERERER (Co/Pt),/Co/IrMn
3K % R RS I R B R 5T

FREV o) TEERY EHEY FLEa? wmHFEY
1) (hEREEBE PR, U RSB E R TG, JE 100190)
2) (FEIRE RE L BT BE A FRA R, JE5T 102209)

(2022 4E 8 H 7 Hlg#; 2022 4F 9 A 6 HUREMERH)

4G i B AN 5 W) T R SR v ) SR PE RE SR TEAMINRE A B BT, A SR I — ol g 7 A ) £ A
AP S i RO IS T I a7 i, RGUAE T R R TR A K Z R L (Co/Pt),,/Co/TrMn(fi
PRIE EL 2 SR R, n-1 02 Co J2= R IUI%) 14 10 P9 5240 O 2000, AN S 2808 1 A il B 5 He, K/0, i HL
ST Hy, BRI TETR 52 R EES K R E ESNINRE S H, (WK R Ine) 5 ESESUE Ine (H,) B/
AT PUES IR Hy, B8UE; WR B Hy(Inc) Ja RIS Ine(H,) B9 R/NATT ), WIAERCR Ine IF AT SE 8L H,
(0 BHAS . 45 R, 125 1% AT LA SR Do 98] 42 S 12 A 100 R P T 30 91 16 R R 8 55 S B VR E S 00, X G i

2 I ) e A 5 HAT B A0 i M 7

REEIR : MG IS, S BN, AR AR AN, TR AR 2R A

PACS: 85.75.Ss, 71.70.Gm, 75.70.Cn, 85.75.Nn

1 5 =

20 4 50 421, Meiklejohn A1 Bean!™? 7Efiff
5% CoO LR Co PRI Z I B IR A BL T 28 48 I
B (exchange bias effect). WiJ5, fEHEE HiE
F, 25 i R BEL A5 1) 2 R 4T DA R B2 B A
ARHY A, 245 B8N AS 3 T T2 A B
5. 1K F LIRS I B RO AMUEA F 5 1Y
R, i 5A w2 N HANE, FlanE 22y
I T REBEALEAE A A | RE B s P71 45 H e
HL 2 A . A4 g B R0 38 TR R G B R/
FERREMERARLZEAE (TRTPR “SS 4 I B 45447 ) gl
£L3| 128101 il 4n#E NiFe/FeMn!', CoFe/IrMn['
B 0L )2 T RS 35 ) vy 2 300 1) TR PR A8 488l B 55007, FE
(Co/Pt),/Co/FeMnl?l| [Co/Pt],/Co/IrMnl415] 45
T 1 2 2 W5 v e 30 A I B A R RN . FE A

DOI: 10.7498/aps.72.20221584

ot B L5, AR B S (exchange bias field,
H,y) SRR M R e 0] 4 Ui 125 25 1 1) B
BRI, BEE R T, Hy, BEEAS, Hy,=0 B
XTI P YAk A IR R G P A L ) BELZE Ui B2 (blocking
temperature, Tpy); SE &I, Ty FISCERREME M B
) JE 28 Y1) R G 16190,

R AT, B T RSMERR KR 5 A, A
45 52 ol AR 1) TR A HL A P02 e Ak
HLU R 290, HE R JR AN P4 R g TR (2] 2
Papusoi 55 2 75 H Yt PRI ] 45 52 460 e 250107 1Y)
TAE AT 1 DK A 3t e 8] A Dy 28 %) £t B
LR BILAF B8 25 11 Hoy HO/NRISENR, L2 B AT i
1B Hy, B0 % PR O 6 SRR AT 7 B 1Y)
MR AT A AR DL 3 U o B 90K 22 2 R 25
1 (Co/Pt),/Co/IrMn(JEIHECH nt+1, Co JZREE
KT Pt JZERE W, kI 5 2 2G50 hy Kk
fih, ZRGEWFFE T Ik o 37 A £ EpAR 4 LT Y

* EFE SRR E S 2021YFB3201800, 2021 YFB3201801) ¥ BRI

t BIE1EE . E-mail: jiafengfeng@iphy.ac.cn
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

018501-1


http://doi.org/10.7498/aps.72.20221584
mailto:jiafengfeng@iphy.ac.cn
mailto:jiafengfeng@iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 72, No. 1 (2023)

018501

AR BN . E T 2 SR B F B AR R A
JZ IrMn ) Co J2 (faiFR“Fifi Co J27) HA N4
WU, HAy (Co/Pt), 22 M HAT 3 145 10 2 1
(1), AR SR T 16 B 2 2 1Y
Hy, BRI, Wi HSZE T H,,) BB (CRISCHR [25]
ANTA]). A TAE X R AU B 0 I FH A A B2 A
YR X, TR A i B 1) RN L e i A
JE T 2 M 0 37 o 2 31 PR RD R AR 4 O M R
%%;E& [26,27].

2 LI

FIH HA B2 4 W (ULVAC) B8 = E 2SR
TGS R 58 (5 MPS-4000-HCT), 7EEALRER
R EAERK TR E L2 L5 Pt3/Cu6/(Co0.5/Pt
0.25),,/C00.5 /TryyMnzg(IrMn)8.2 /Pt3 ({3 44 K |
2<n+1<6), HEZHEHIA 4R WSk [15]. Hy,
SETEAE A A A I S AN 5 5 . S
FIFHZE SRR B 12 AR THIE T 10 pm
T ZRREEH [ 1(a)]. B, IATAIAH T Quan-
tum Design /A ®] (1 2 I Ge 9 Pl it R 4 (the
physical property measurement system) XJ I .2
JZBERFAREEATHELT T iz e RERAE. SCrh T 4L
s #0 A  UR IAE A 0T PN R ST R TED P R S
|, i 1(a) PR,

3 EILEREGHH
B R E AN

H T3 2 2 IR H A 2 TR 2 45 SR AL,
PR IHE I 30 B 1) AR, A BB (Ryy) 2T e
W 2(a) FHEFTR. 75 300 K B, MR ARG

3.1

(a) N H 4—
ZRARGE '
Hiit Inc
—
Si/SiOof}NE

1
T J2 R S A o R

(b)

HLI-FL R (FV) T2 06 &, AT LLAR A9 ik b i
(Inc) PR AT B oA J5 iR 5
Inc EFR (WL 2(a)). 33 BL—A bk el 37 4 9 )
J& 10 ms, [A]FFES2 100 ms (], KRS AMEI).
TIRI, B Inc K, FES IR BE AR LT
Y Ihe > 30 mA J5, LN B A HGR; 7E 75 mA
A A At U P 20 R R AR IrMin (8.2 nm) 1 T
(~427 KI8:1928.29)) - )& 2(b) HITE, Hy, B TR
T LR T A PO M R BE R A 325 K B, IrMn
1Y SRR AR L B (R 43) OO B IeMn AEAE G
TR TCIFAT M BT RE X (A (325—427 K) & MR
BRRE (RESE) TORFIX (& 2(b)). a5 SCal, 767
R T DX S8 4 i B ONATE AR (B4 ) A7 AE, 0T
A8 1 4 Nt I — i S A i i 55k L Y B .
T ESIHUR N Ry- H(REY:) thER 2 )5 BORE i
BE, it Ry-H IhERA5 TR BF ] (F Y T 720 2=
— 2% Ry-H #h 4 i s R v A [ ik o el 33 72 4 B I
RN T 150 43K) Man Ine BTSSR T, # 5 iR
FEREE Ine FIAEMEIENL. I 2(a) HATRIE )
SEHINAHIF] Ine B, A5 b 1 S il 38 8 8 91 L e
Inc = 65 mA B, SO Ine 5 TR E H—IK
PN Ine 1Y 85 K £47.

3.2 AR BRI K4S R

HTRAEE 2(a), B 3HAHT ntl = 211
e H 2RISR T N Ry-H 2R B FERES HL iR
T, n+l = 2 B3 H 2R BE5H BA TR TH N A iR
TRERY (Hy, = 590 Oe). Hidt Hy = (H,+H,)/2,
H, F Hy W 3(a). Bl & Bk o v i B9 38 K, Hy,
BN (K 4); 24 e = 49 mA I, H, HFE4
—17 Oe, W& 3(b) fFizs. A THILAZ (-590 Oe),

(@
Sy w A Co)2 t t t
Tttt tf1
L B AR I I |
111 tf11

(a) ZREEH 7R B (WK LR Ine FIET NG H WL ISP ARIR); (b) F (c) 2 B2 2 IRAS M AE D IR AS TR Ine BN B9 4%

Fig. 1. (a) Schematic strip structure (a pulse current Inc and an in-plane magnetic field H are marked); (b) and (c) the magnetic

moments for n+1 at the initial state and under a large Ipc.
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Fig. 2. The sample temperature due to the Joule heating as i e e e 1T
a function of Ic; (b) the temperature dependence of Hy, for Fig. 3. The in-plane Ry-H curves for n+1 = 2 under Ipc =
n+l = 2. The insert in (a) shows the linear relation 1 mA (a) and 49 mA (b). The magnetic moments of each
between Ry and the temperature for n+1 = 2. Co layer as a function of the field are also given.
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Fig. 4. (a) and (b) The in-plane Ry-H curves for n+1 = 5 under different negative and positive Ipg; (c¢) the Ipc dependence of Hy,
for n+1 = 5.
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Fig. 5. (a)—(c) The in-plane Ry-H curves for n+1 = 2 (3) after applied different H, and Ipc, taken at 1 mA; (d) the zoom of the in-

plane Ry-H curves shown in (c¢), which only gives the moment variation of the interface Co layer.
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Fig. 6. The AHy, at Inc = 40 mA and H, = 2 kOe for n+1.
The absolute H,, changing with n+1 is also shown. The in-
sert shows the H, dependence of AH,, for n+1 = 2 at Ipc =
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Fig. 7. The signal variation of magneroresistive sensors due
to the modulation of the exchange bias by the current in-
duced Joule heating.
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Abstract

The exchange bias has a crucial influence on the key performance parameters of magneroresistive sensor,
which has wide applications in many fields. This paper presents a method that uses the Joule heating effect
combined with a magnetic field to modulate the exchange bias in magnetic multilayers. By this method, we
systematically modulate the in-plane exchange bias field (Hy,) in the inverted (Co/Pt),/Co/IrMn structure (n + 1
is the repetition of the Co layers), here the thickness of the Pt layer is smaller than that of the Co layer. In
these inverted structures, the Hg can be continuously modulated by changing the amplitude of a pulse current
Inc (an in-plane magnetic field H,) after fixing an H, (Ipc). In more detail, the H,, deceases gradually by
increasing the I and its polarity of the Hy, can be reversed finally, which will not disappear even under a large
Inc. Furthermore, if both the amplitude and direction of Ine (H,) are changed, with a H, (Ipc) fixed, a reversal
of Hy, can be realized from positive (negative) to negative (positive) direction under a large Ipc. From here, one
may find that the modulation of the exchange bias in our text is totally different from the normal case one
thinks, where the H,, becomes zero under a large enough Inc due to the pure heating effect. Therefore, we
believe that the above results show that our method can modulate in situ the linear field range and sensitivity,
which has important significance in guiding the optimization of the performance parameters of magneroresistive

SEnsors.

Keywords: magneroresistive sensors, exchange bias effect, current-induced Joule heating, perpendicular

magnetic multilayers
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