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Reduction of the Switching Field of TMR Devices
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Two types of laminated structures for free layers were
investigated to avoid the increase in the switching field of
the free layer caused by the reduction of the size of the
TMR element. Laminated free layers of NiFe(5)/Ru(0.7)/
NiFe(3) and NiFe(4)/Ta(3)/NiFe(4) showed a lower switch-
ing field than a single free layer of NiFe(8). The low
switching field of the synthetic free layer is due to the
decrease in the net moment, which results in a decrease of
the demagnetizing field. In the case of the NiFe(4)/Ta(3)/
NiFe(4) free layer, there is a possibility that magnetostatic
coupling plays an important role in the decrease in the
demagnetizing field.
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ferrimagnetic free layer, magnetostatic coupling
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Fig. 1 Schematic illustrations of the structures of
three types of free layer.
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Fig. 2 NiFe thickness dependence of the magneti-
zation, 4zM, in a field of 1 kOe.
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Fig. 3 Typical MR-H curves of spin-valve films pat-
terned at 5X5um with a free layer of (A) NiFe(8), (B)

NiFe(b

and (C) NiFe(4

)/Ru(0.7)/NiFe(3), (B) NiFe(3)/Ru(0.7)/NiFe(5),
)/ Ta(3 /NlFe(
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Fig. 4 Width dependence of the switching fields for
various free layers.
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Fig. 5 Fitting results for the width dependence of
switching fields for various free layers.
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Fig. 6 Switching fields estimated from the de-
magnetization fields.
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Fig. 7 Typical M-H curves of spin-valve films with
a free layer of (A) NiFe(8), (A") NiFe(4), and (B) NiFe(5)/
Ru(0.7)/NiFe(3).
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Table 1 Comparison of aX4zM Xt standardized by
that of NiFe(4) for various free layers. Cal. © was
estimated by 4zM of 10kG. Cal. @ was estimated
using 4zM of Fig. 7

Free layer Measured Cal.@ Cal.®@
NiFe (8) 3.5 2.0 2.3
NiFe (4) 1.0 1.0 1.0
NiFe (5) /Ru(0. 7) /NiFe (3) 1.1 0.5 0. 83
NiFe (4) /Ta(3) /NiFe (4) 0.16 _— R

L 7.

NiFe(5)/Ru(0.7)/NiFe(3) 7 ) =@ % &> TMR ¥ & &
¥, NiFe(4)/Ta(3)/NiFe(4) 7 V) —[@%FH\ 7z TMR %114,
NiFe(8) 7 ) —BZERB W IR I, EBOE{LRERRER
U7z, L L7sd35 NiFed) 7 ) —f@xHWiRFic LT
i3, BREEISERIMEA R E S o . NiFe(8) 7 ) —JBlcxid 3
NiFe(5)/Ru(0.7)/NiFe(3) 7 Y —B OB LRI A DK T3,
RBMHESIc L 2R E— A Y MOREDICE 26D EEbN
%. —7, NiFe@) <% U CHRSHILKERA DK T AR
SN oD, BE7 = ) 2T % NiFe BO®I LD

B A SR B8
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RGP TS SOALTE S I L D, EYNLTHR
T AV MBEONNES BB/ E, BLXUBEY =Y
BEICL2 7)) —BOoWMREECENPRALEbh 2, —
7, NiFe(4)/Ta(3)/NiFe(d) ZEEIc oW TiE, Zo0HHE
falic @ < S &I £ 5 KR oMH o $hER, & 54 i NiFe
GHHBKEE LTEE- TW3 LW THo0aRiE»E 2 Sh
3, WEFNORERTFEEICBVTS, SoIClMibsiTs 2 &k
ET, TNZThOBEEIPARICT 20 END 5 EEbN 3.
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