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Isotropic Magnetoresistance Properties at Low Temperature of Dual and Double
Complex Type CoFe/Cu/CoFe Multilayers Based on Antiferromagnetic PtMn Layer
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The isotropic magnetoresistive (MR) properties of samples fabricated with the dual- and the double-type composite structure of
PtMn spin valve (SV) multilayer thin films were measured at room temperature and liquid nitrogen temperature. The MR curves of
the dual-type GMR-SV multilayer of 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(10 nm) with a single PtMn layer in the middle are shown as a butterfly wing shape due to the antiferromagnetic PtMn
layer effect. The two hysteresis square loops having an isotropic magnetic property are clearly distinguished as the coercive force (H.)
and the MR (%) obtained from MR curve which are 380 Oe, 25 Oe, and 4.3 %, 3.3 %, respectively. The MR curves of the double-type
GMR-SV multilayer of Glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe
(3 nm)/PtMn(6 nm)Ta(10 nm) with two PtMn layers show that the H. and MR (%) obtained from the overlapped hysteresis square of
MH loop and MR curve were 375 Oe and 6.4 %, respectively. These results are explained by an effect of the spin arrangement of the
magnetization of each ferromagnetic layer in the dual-type GMR-SV film of one PtMn layer and double-type of two PtMn layers. H,
and MR (%) of two types of composite structures measured at 77 K were 1.2~1.5 times higher than those at room temperature due to
the increase of spin dependent scattering effect of the electrons in ferromagnetic metal.
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Fig. 1. Schematic structures of (a) the dual-type PtMn-SV multilayer and (b) the double-type PtMn-SV Multilayer.
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Fig. 2. R-T (resistance-temperature) curves for (a) the dual-type

PtMn-SV film of Corning 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(10 nm) multilyer and (b) the double-type PtMn-SV film of

Corning glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/PtMn

(6 nm)/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/Ta(10 nm)
multilyer.
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Fig. 3. Major MR curves according to the easy axis and the hard axis
for the dual-type Ta/CoFe/Cu/CoFe/PtMn/CoFe/Cu/CoFe/Ta multilayer
at (a) room temperature and (b) 77 K.

43 %9} 3.4 %22 HHAIR Y] 4 2P oS UEill=
AR sldg WHsRE AMR &3 AAY AEE 238t
BolFog SAE AATFY EART B3-S BT

A AL L277K)IA Z=HE Fig. 3(c), 3(d)olAE
Fig. 3(a), 3(b)?} "BV IAZ Hem A VEREA] e3kom,
243} go]=2Ql A$ Hye= 370 Oe, Hoe 450e, MR E
6.0 %S} MRE 63 %% A3t 299 ¢ H = 425
Oe, Ho= 70 0e, MR ¥} MR= 42} 72 %9 8.9 %o =
Z}zy ALox] ®Brk oF 12~1.58 FE A E B
HATh ALl 2AdEEAIR] AAPIA Ul HAlEe] 239
SLAETe] F71E 18] MR H19] 3d MR F4doA
Uehd 933k Fold g2 us sk gelollont
77 KoM= B3 FelE B A8t 23 ke g &
AE Fig. 3(delM 2& He, He, Hoe Fig. 3(b)9t &
2 JeRIa, MR MR 24 5.6 %2F 6.1 %O =2
25} BolFolA 589 BAEI AT AHIR S 54
o] HIFES & 4 AU

Fig. 4a)9} 4(by= ©|5725 ZX= Ta(10 nm)/CoFe(6 nm)/
Cu(2.5 nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(10 nm)/CoFe(6 nm)/
Cu(2.5 nm)/CoFe(3 nm)/PtMn(6 nm)/Ta(10 nm) Z=H¥E v
dhate]] tiste] 2}35) 8olE 2l5; ZHS0 = 2B} o)A
243 MR 50|t} o]F 125 ZH= PtMn 7|¥F GMR-
SV thsElEk A FY3t SV tgulEl A PtMngo] B
T AY ZE wg AT BAR, A7)AEE] 54 2]

~axis MR at RT

-1200 -800 -400 0 400 800 1200 -1200 -800 -400 0 400 800 1200

10 10 —
(c) Easy-axis MR at 77 K (d) Hard-axis MR at 77 K

-1200 -800 -400 0 400 800 1200-1200 -800 -400 O 400 800 1200

Magnetic field (Oe)

Fig. 4. Major MR curves according to the easy axis and the hard axis
for the double-type Ta/CoFe/Cu/CoFe/PtMn/Ta/CoFe/Cu/CoFe/PtMn/
Ta multilayer at (a) room temperature and (b) 77 K.
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Fig. 5. Two different MH loops according to the hard axis for (a) the
dual-type PtMn-SV film of Corning 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(10 nm) multilyer and (b) the double-type PtMn-SV
film of Corning glass/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/
PtMn(6 nm)/Ta(10 nm)/CoFe(6 nm)/Cu(2.5 nm)/CoFe(3 nm)/
Ta(10 nm) multilyer.
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=
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Table I. Comparison of magnetic properties (He, (Oe), H. (Oe), MR (%), surface resistance (€2)) according to the hard axis for the dual-type
GMR-SV multilayer and double-type GMR-SV multilayer based on PtMn layer according to at two different temperatures of room temperature
and 77 K. Here subscripts of 1 and 2 are noticed to the bottom and the top PtMn GMR-SV multilayers, respectively.

Samol Measuring Exchange coupling field Coercivity Magnetoresistance ratio Surface
ample .

i temperatre (K)  He, (Oe)  Hew (Oe)  Ha (Oe) Ho (Oe) MRy (%) MR, (%) resistance R (©)
Dual-type GMR-SV 290 0 0 380 45 43 34 34.89

with one PtMn layer 77 0 0 425 70 5.6 6.1 29.14
Double-type GMR-SV 290 0 0 375 375 6.4 6.4 28.55
with two PtMn layers 77 0 0 410 410 6.0 6.0 24.73
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S 71 U ) FElE MR A4S BoFddr A8t
THES M $7% MR F437 MH loopdllAl B2 HA
MR(%)= 22t 380 Oe, 25 09} 4.3 %, 3.3 %S2 F 719]
SlzHgA 2 AR} S5iEiA] Ee]E A A 1A 54
o2 Yehldth dAds: L5 77K 49 Hoe A
o YRR efkem, At BolE2l B9 Hoe= 370 Oe,
Ho= 45 Oe, MR MR 2} 6.0 %9} 6.3 %22 A3}
=21 79 Ho= 425 0e, Ho= 70 Oe, MR:¥ MR=
22t 72 %%} 8.9 %O E 717} AfgolA Bt oF 1.2~1.58)
P AR B8E BT 2719 PtMng o= oF
07 o]F1ZEE zh= Glass/Ta/CoFe/Cu/CoFe/PtMn/Ta/CoFe/
Cu/CoFe/PtMn/Ta 2~ H T)58leke 28} ehs-g uje}
Z4E MR 343 MH loopoll] €& Ha= 375 0e0]aL,
MR(%)y= 27} 6.4 %= F 7§9] 3|ZEgjA|2 A7 A
A7 TS He A1 545 YRSl 77 KoM =
A% He Heo MR(%)= ZHZE 00e, 410 Oe, 6.0 %~8.3 %
£ el e BEAE R =gl Fo] MEsE Bk
2ot wgbAgA71e} A7 IMFHIE olFTEE 2 PtMn
Al GMR-SV tgutete] 27125 B4 9] ok kA
AU WiskA] eisitt. oleft Aok PtMns o] UIE olF
T2} UhE o5 TF2] GMR-SV tsakEtol| A 2 Z3RiA
Aol Asle] ~@ujgE dojue BQLS AWsiit

AAfel =2
o] =2 WEHT|ER Ador F=ATAL(NRF)

9] 71zATFANY AYE whol 3" AFNo. NRF-
2016R1D1A1B03936289)2] ZAz}o]c},

WA A PtMnZ 7|8k o] @ o]& E3}GLE CoFe/Cu/CoFe TFEHMEFO) Lh e O To|x] | ... —HEF oA
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