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Fig. 2. Schematic illustration of 6 gun ICP sputter.
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Fig. 1. Cross sectional structure of synthetic free layer of NiFe/Ru/NiFe structure.
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Fig. 3. Magnetic-anisotropy energies in SyFL.

+ K, (15in°6, + 1,5in’6))

~ 37122, (cosBit; + cosbt,)

+ 12M 1,c05°6, + 1/2M,21,%c05° 05 + MMt ,1:0080,c08 0>
¢D)

A7 A2 Zeeman RS, F #RIES exchange oY)
A&, Al HAE in-plane uniaxial crystalline ©[¥HdoAR]Z,
Y] A= magneto-elastic SRS, TH WA= demagnetization
AUAE 247} epict

Akl Be3lE 8l A= 091 HEZolE sl v)
HARR] A7 TEAUAE 002 7Pgslar, Athales gl
A& Ao] A== demagnetization energyd] THRERS T
1BEL Al 7FA] ofUiRRRS: 12felsdnt. Fig. 39 7912l 3
AEIQl A= AA| R 5 Zeeman energy®} uniaxial
crystalline energy¥hs 12{ste] o5 6,7 6,0 tish wE
gk kel 0] B9elBg, o] F7kA] BANCZRE Eq. (2)
7} =8 Eq. 2014 M-H loop 4L B3l k,9 o
o] 7lsghe & 4= Qo

H,= 2K,0/(Mty — Mots) @

S

ot

$HH Fig. 39 7ADoNAE Zeeman energy$} exchange
energy’} 2 R8sl Fololug F ouiRE V)FEo R g,
I ol A4zt vl (o] == FEGE HE 6=6
=00] e ZH0ITL HE 6+ 6= 180° B 2AS 7z}

Uehd Ba. Gt @yt 242 fsle] B8 M-H loop
o R wiux|el A7), )5 BEE 4 glch

H\'=Jm’ (l/Mlt] + I/Mztg) (3)

Hy=J.. (VMt;-1/M\t)) &)
%3k Eq. (3), @E 233814 Eq. 57} STk

HylHy= (M t,~ Mat))(M 1+ Mat) (5

8 300 K
42K

-
=)
L
o

Hc (Oe)

g

oY) PR SR PO S U WP SN WP EV ST B S
0 2 4 6 8 10 12 14 16 18 20 22 24

Ru Thickness (A)

Fig. 4. Coercive field H, as a function of R, thickness at 300 K and
42 K.
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Fig. 5. M-H loops of NiFe/Ru (10 A )/NiFe at (a), (c) 300 K and (b), (d) 42 K.
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Fig. 6. Magnetic-anisotropy energy as a function of Ru thickness.
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Magnetic Anisotropy Behavior in Antiparallely Coupled NiFe/Ru/NiFe Films
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Synthetic ferrimagnetic layer (SyFL) with structure NiFe/Ru/NiFe which can be applied high density TMR device in free layer were
prepared by an inductively coupled plasma (ICP) helicon-sputter. We proposed a model of predicting coercivity (H,), spin-flopping
field (Hy), and saturation field (H,) as a function of Ru thicknesses, from the equilibrium state of energies of Zeeman, exchange, and
uniaxial anisotropy. We fabricated the samples of Ta(50 A )/NiFe(50 A )/Ru(4~20 A )/NiFe(30 A)/Ta(50 A), and measured the M-H
loops with a superconduction quantum interference device (SQUID) applying the external field up to +15 kOe. The result was well
agreed with the proposed model, and reveal K, = 1000 erg/cm?, J,,=0.7 erg/em?. We report that H, below 10 Oe is available, and R,
thickness range should be in 4-10 A for MRAM application. Our result implies that permalloy layers may lead to considerable
magnetostriction effect in SyFL and intermixing in NiFe/Ru interfaces.

Key words : Synthetic ferrimganetic layer, permalloy, ruthenium, SQUID, exchange coupling, free layer.



