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Analysis of Magnetic Isotropy Property using Magnetoresistance Curve
of CoFe/Cu/CoFe/PtMn Multilayer Film
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The magnetic isotropy property from the magnetoresistance (MR) curve and magnetization (MH) loop for the PtMn based spin
valve (SV) multilayer films fabricated with different the bottom structure after post-annealing treatment was investigated. The
exchange biased coupling field (H,,), coercivity (H.), and MR ratio of Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/
Ta(4 nm) SV multilayer film without antiferromagnetic PtMn layer are 0 Oe, 25 Oe, and 3.3 %, respectively. MR curve for the
Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(4 nm) SV multilayer film showed H,, =2 Oe, H. =316 Oe,
and MR (%) = 4.4 % with one butterfly MR curve having by the effect of antiferromagnetic PtMn layer. MR curve for the dual-
type Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/PtMn(6 nm)/CoFe(3 nm)/Cu(2.5 nm)/CoFe(6 nm)/Ta(4 nm) SV
multilayer film showed H,. =37.5 Oe and 386 Oe, MR = 3.5 % and 6.5 % with two butterfly MR curves and square-like hysteresis
MH loops. The anisotropy property in CoFe spin valve-PtMn multilayer is neglected by the effects of a very small value of H,, and
a very slightly shape magnetic anisotropy. This result is possible to explain the effect of magnetization configuration spin array of
the bottom SV film and the top SV film of PtMn layer.
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PtMnA] 2~ H (Spin Valve, SV) TREREe] a15 725 2elale] AE AlRE 48] $ 2783 A7 143 (magnetoresistance,
MR) 313} 2p7]10]8] A (MH loop)e 27 e T84 2A1H 545 AR PiMngo] §lie 238E 29 Glass/
Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/Ta(4 nm) T8l 2 S5 MR JAAM A& w33 (1,), BAE(H,), A7 1A
SHIMR%)y= Z42; 00e, ©F 250e, 3.3 %At} Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(4 nm) Tl
"Eko 2 2%k MR 3410l WEIM3AIQ] Pevin BlEle 2 Uepd G392 slodg vu] Dl Fel2 A& A, H, MR(%)= 7}
Zt 2 0e, 316 Oe, 4.4 %At} REIAIAIR] PtMnEo] F7502 419 ©]%F GMR-SV tlsatEte g =43 MR 343} MH
loopellXl B2 Ha= 27} 37.5 0e 386 00l 0™, MR(%o)= A2 3.5 %} 6.5 %= 2719] S|ZHg|A |20l AZHH17} F5isA|
gdeZ YA A28 A4S YESIEE. PtMnAl CoFe 2~ ulate) ul9- 2ke [, gk} win|sh gdodAde 2k
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Fig. 1. Schematic structure of one CoFe/PtMn bilayer ((a) Type A) and three different types ((b) Type B, (c) Type C, and (d) Type D) of CoFe/Cu/

CoFe SV multilayer without or with antiferromagnetic PtMn layer.
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Fig. 2. Schematic of the easy and hard axis direction for the applied magnetic field under (a) multilayer deposition and post-annealing treatment,

and (b) MR measurement.
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Fig. 3. Major MR curves according to the easy axis for four types ((a)
Type A, (b) Type B, (¢) Type C, and (d) Type D) after post-annealing
treatment.
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Fig. 4. Major MR curves according to the hard axis for four types ((a)
Type A, (b) Type B, (c) Type C, and (d) Type D) after post-annealing
treatment.
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Fig. 5. (Color online) Two different MH loops for (a) the spin valve multilayer and (b) the single-type GMR-SV multilayer with PtMn
corresponding to integrated MH loop for (c) the dual-type CoFe/Cu/CoFe/PtMn/CoFe/Cu/CoFe GMR-SV multilayer. Arrows of inset in Fig. 5(d)
are the spin configuration of each ferromagnetic layer in dual-type PtMn GMR-SV multilayer.

Table I. Magnetic properties (H,, (Oe), H. (Oe), MR (%), magnetic isotropy) of two single-type SV multilayers and one dual-type SV multilayer
without or with top and bottom PtMn layers. Here 1% and 2" are notations of the bottom SV and the top SV in case of dual-type PtMn based

GMR-SV multilayer film, respectively.

Exchange biased coupling

Sample Annealingn field H,, (Oe) Coercivity H. (Oe) ~ MR (%) Magnetic
temperature (°C) . o E o~ r o~ isotropy
Type B (Single SV) 275 0 - 49 - 3.5 - O
Type C (Single SV with PtMn) 275 2 - 316 - 44 - O
Type D (Dual SV with PtMn) 275 10 0.5 386 375 65 35 O
o2 vhe] FeiE WA HERAIARE FAollA B she] T 2 gsiEl RS 2AiE el wet W
H7} 375 0e0.2 AP} g Sl2mzalss Ueiln 59 2 28R A8 2meae e Reold 7 2
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o rr
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