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Read head for >2 Thit/in?

Takagishi et al. IEEE Trans. Magn. 46, 2086 (2010).
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CPP-GMR and FM Heusler alloys
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Search for highly spinpolarized FM alloys
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Spin polarization measured by PCAR
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Large temperature dependence of MR
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Origin of T dependence of ARA
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Eveluation of g using AMR measurements

Anisotropy magnetoresistance (AMR)
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Theory of AMR and spin asymmetry by Kokado
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Excellent correlation between AMR and ARA
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Y. Sakuraba et al. APL104, 172407 (2014).



Temperature dependence of Ap

Ap(T)= AMR(T) x p(T)

Y. Sakuraba

p of CFGG does not degrade at RT!

Y. Sakuraba et a. APL104, 172407 (2014).

T dependence of u., at CMS & CFS/Ag interfaces
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How to suppress the reduction of spin moment at
Hesuer/Ag interface?
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Insersion of thin FM layer for increasing exchange stiffness

N. Hase et al. JAP 109, 07E112 (2011).

Band matching at FM/NM interface

thickness dependence

Co,MnGe Rh,CuSn
@ 3 e © o
maj. min. £ 5
’ g
L™ = 404

4

o

FM layer

i

spacer layer

. short 7\.5 L
<

small R¥_,, for up spin
large R*, for down spin

U]

0

Froe (Sp

2 3 & 5
acer) Layer Thickness [nm)

B

K. Nikolaev et al., Appl. Phys. Lett. 94, 222501(2009)

ARA o ARy 12/ (1-1)

- large MR ratios



Temperature, °C
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Why CuZn spacer causes high ARA at low T,7?

T,= 350°C, ARA=9 mQum? T,= 400°C, ARA=14 mQum?

—_—

CuZn spacer is replaced with Ag spacer by interdiffusion!
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Structure of each layer in CFGG/XY/CFGG
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N ‘,MS, Heusler alloy based CPP-GMR

N CFGG/X/Ag/X/CFGG 100r Heusler CPP-GMR *
sof' Jung'etal,~ ('2015) """""""""" 90t @ Epitaxial W NIMS ¢
CPP-GMR * gol L_O POy ¢ NiMs !
Q) 250-LT 7777777 *é/ CFGG/X/Ag/X/CFGG §
\° H < 70t
e | CFGG/Ag/CFGG - \ > ° 8
2% e ® 2Thit/inz /<
L © 50t & ’ |
b« A
% o WX ° N 1
fffffffffffffffffffffffffff SREEY 495 .
)V
® o o ﬁ 20t Yo ’VAV“ X A A
50} Limit of 3d=metal-————— oe® ol P A -
MR <20% ...................................... ... RT % o ¢ .
0_I.'.'.'.'.'.'.'.'.'.'.'.'....................; ....... @ ) . | 0
2000 2005 2010 2015 001 2 3 4 567 83.1 2 3 4 567 891
Year RA (Q-um?)

. HGST, Intermag2015

CFGG/Ag orientation dependence of ARA %
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Polycrystalline CFAS PSV
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Epitaxial device by wafer bonding
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high MR low RA will lead other applications of CPP-GMR
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Future direction
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