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Fig. 1. Free layer(NiFe/CoFe) thickness dependence of MR
ratio for the top synthetic spin valve Si/Ta/NiFe/CoFe/Cw/
CiFe/Ru/CoFe/FeMn/Ta.

FHE AR 3R 29 E 20 4] SAE ZhaA)
71 el AXFHI Q. 1 F AREe] FAE ]
A AEE Z7P7)E Aol 3l gbolt) =i} A}
359 FAE A 5 e s 4 AdAR &9
WHH o] vl oEH ot} uslE 3] FAE
ZAA71E A7 A 2SI H, 2 7R A
2=z oejx l7] el

Fig. 12 2 QFo|* AdAE} top synthetic AW H
TFZoIM 2A-Fe] T4 Wl IE 2] M3 WIS
yehd ZAelet £ A7ellA AAEE SifTa/NiFe)/CoFe)
Cw/CoFe/Ru)/CoFe/FeMn/Ta2] top synthetic 1¥iH
T} FAT FHe) A71H B B =F(11e Al
Alslgleng B =FMe dFeA ke Aot} 1™
oA Bz wig) 2ho] 3] AAE AWulE FRejlrM= 2}
28 TAI31= NiFe+CoFed] 77} 40 A & o 7.5
%) A7) ARG 7FAY L AFE e sl A%
Holx gle}. BpR|ut FEsled & AL AR FA7}
40 A o|3lZ Zashd 2P| Ay} FA3] 3hasl
25 A9] A% % 7 %o, A3 FA7) 20 A9 A9
°F 5.5 % &) A7| A7} 3L 9let. o]9} B2 =}
7] 2l Zhae AR FATL A=Al YAt
FE B} 23S 7S Az ah4akgle] 2H4s)7)
g2 e Ao} Fig. 2= AHrSe] FAE 40 A
22 3} synthetic 288 FZ2} M-H FA 2 27|A

3 FAE vERd Aolot. 23 2(aye A3 A synthetic
Auiy 720 M-H FAeol™, 2 Ao}2 ¥ synthetic

:ILZO
Ay F2Z 2bAE) X3A7)7] $eiME 5 kOe oAk

[> 1>



€QF=E> Synthetic antiferromagnet CoFe/Ru/CoFe/FeMn 2 0]-8-3F 231 i8] interlayer coupling field

0.0015
@
0.0010 p
0.0005 F
b=}
E oooo}
-1}
-0.0005 p
ower \\X/
-0.0015 A A A A -
-10000 -5000 0 5000 10000
H (Oe)
13
(b) .
7F .
£
Sp E 2
2 °f :
g 41 L ! W 0
I
£l :
= 2p 3
ok -..-—N 95 bam—
Il A A L A
-10000 -5000 o 5000 10000
H (Oe)

Fig. 2. M-H(a) and R-H(b) curves at high field for the top
synthetic spin valve SifTa(50 A)/NiFe(27 A)CoFe(13 A/
Cu(26 A)/CoFe(30 A)Ru(7 A)YCoFe(15 A)FeMn(100 A)/
Ta(50 A), (inset): R-H curve measured at low field.
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Fig. 3. Free layer thickness dependence of interlayer coupling
field for the top synthetic spin valve Si/Ta(50 A )/NiFe(x &)
/CoFe(y A)/Cu(26 A)CoFe(30 A)Ru(7 A)/CoFe(15 A)/
FeMn(100 A)/Ta(50 A).
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Fig. 4. Thickness difference (P1-P2) dependence of interlayer
coupling field for the top synthetic spin valve Si/Ta/NiFe/
CoFe/Cu/CoFe(P1)/Ru/CoFe(P2)/FeMn/Ta.
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Fig. 5. Schematic view of magnetostatic interaction (a) Neel
model, magnetic films with infinite thickness, (b) Columnar
structure with accumulative waviness.
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Fig. 6. P1 layer(close Cu layer) thickness dependence of
interlayer coupling field for the top synthetic spin valve Si/Ta/
NiFe/CoFe/Cuw/CoFe(P1)/Ru/CoFe/FeMn/Ta (P14P2=45 A).
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Fig. 7. Cu thickness dependence of interlayer coupling field
for the top synthetic spin valve Si/Ta(50 A)/NiFe(17 A)/CoFe
(8 A)/Cu(t A)/CoFe(30 A)Ru(7 A)/CoFe(15 A)/FeMn
(100 A)/Ta(50 A).
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Top synthetic spin valves with structure Ta/NiFe/CoFe/Cw/CoFe(P1)/Rw/CoFe(P2)/FeMn/Ta on Si (100) substrate with
natural oxide were prepared by dc magnetron sputtering system. We have changed only the thickness in free layers and the
thickness difference (P1-P2) in two ferromagnetic layers separated by Ru, and investigated the effect of magnetic film
thickness on interlayer coupling field in spin valve with synthetic antiferromagnet. According to the decrease of free layer
thickness, interlayer coupling field was increased due to the magnetostatic coupling(orange peel coupling). In case of 1p;>tz,,
interlayer coupling field agreed well with the modifed Neel model suggested in conventional spin valve structures by Kools
et al. However, in case of tp) <tpy, it was found that the interlayer coupling field was not explained by the Modified Neel
Model and was confirmed the necessity of further remodeling. The dependence of Cu thickness on the interlayer coupling
field was investigated and 10 Oe of interlayer coupling field was obtained when the Cu thickness is 32 A.



