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Giant Magnetoresistance Properties in CoFe/Cu Multilayers
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Giant magnetoresistance (GMR) of multilayer have a po-
tential application in post spin-valve heads, because these
heve a larger magnetoresistance (MR) ratio than spin-
valves, and they will be useful in the hard disk drive
(HDD) heads. In this study, we investigate the dependence
of the GMR properties and nano-structure of CopoFeos /Cu
multilayers on the materials, thickness of the buffer layer
and the thickness of the Cu and CoFe layers. A maximum
MR ratio of 20.1% and the resistivity change, Ap, of 4.5
#Qcm were obtained at a Cu thickness of 21.6A which is
the second antiferromagnetic coupling peak of the inter-
layer coupling oscillation. Large MR ratio is obtained for
the film which has small XRD peak intensity of Cu(111).
The orientation of Cu(111) in multilayers was dependent
on both the material and the thickness of the buffer layer.
The reason of this behavior is that an increase in the rough-
ness of the CoFe/Cu interface, detected by X-ray reflec-
tometry, causes an increase in the area of the interface.

Key words: giant magnetoresitance (GMR), CoFe/Cu, mul-
tilayer, MR ratio, material of buffer layer, thickness of
buffer layer, roughness of interface

1. 3CHIC

BEABSIEN (GMR) 2113, RA BTN (AMR) 2R
CHANTERESKE L, BlE#Ee vy ~0ILH%E RS
L, HH, BEEEC>VTHESEDSA TS,

GMR O TR E v~ r 7 GMR 3, AS#ROE{LITHT
BEREABKEVEYD, RPN N—FF 4RI F547
(HDD) &~ v F~O@ABRI STV 5. LHL, &
HEDZAE YT GMR EMREBRKTS 11% THH,
Z;#7 HDD o @FEH Licxitd 3 bicld, VW-%2 5D
BfE EANEL IR TV S,

—7%, ZEEGMR BBSEN (MR) lLhikE W & kR
Tk 5. Co/CuZBETIE, MRIEEEHOD 2nd E—2 2BV
TH# 20% O MR A2 E L TE b2, i@ H, b
$}1000e ThH 51D, BRtvy+ELTHEERIN TV,

AWETIL, CopsFeor/CuZBEICHB VT, buffer BO#M
HELUBE, CuE, CoFelEHE & GMR ## & 0Bk
SWTRE L ..

2. EBHE
DC= 7% buvAs»ry sEBLRAV, REEARCOEL

AAGHBS¥L%E Vol 22, No. 4-2, 1998

#- 8X8 mm D Si EMRiICROL REEERE L 7.
Si/SiO,/buffer(x A)/[CoFe(y A)/Cu(z A)]x 10/Ta(50 A)
(buffer=Ta, Cu, CoFe, x=0~200, y=5.5~176,z=
13.8~217.7)

BB % Table 1 /8.

BonEcx L, ERMEE TR L D AEES 1 kOe
TEREANCERSH LT MREEEZAEL, MRE, B
i, Ao, H, REZHEMT 2L & bic, RPN
(VSM) i & b M-H ghig % Rl L, fafisibicxd 2 EE (b
o, M,/M, *BHLE. 48, HBIURERSLTR,
Fig. 1 ISR & ICEH L.

$7-, X EEFI L 2EREEONH, TEMEBE, X#K
BiRic & 3 CoFe/Cu REiD 5 7 X AOREXAT - fo. RED
5722 BWELELRLARTFROREBY S, ML
peek-to-peek DIETH 5. BB, XERHBBLTE, B
FAEBIT 5%, 2bilayer DFB>VWTIT- k.

3. RE|BELUEE
3.1 GMR $td
Buffer Bh WRAKc BT 3, CulBBIc &5 MREBL T

Table 1 Sputtering conditions

Back pressure (Pa) 3x1075

Ar pressure (Pa) 05

Distance of T-S  (mm) 153

Substrate Static

CoFe target compositon 90 at% Co—10 at% Fe

Sensitivity (%/0e) = S

MR ratio

|
<tisp| Ho

Fig. 1 Calculation method for the H, and sensitivity.
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Fig. 2 Dependence of the MR ratio and M,/M. on the
Cu thickness.

Table 2 Dependence of the MR ratio, Ap, H., and
sensitivity on the buffer layer material

Material | MR ratio Ap Hs Sensitivity
(%) (uQem)| (Oe) (%/0e)
None 14.7 3.51 108 0.153
Ta 29 0.78 80 0.033
CoFe 184 4.34 118 0178
Cu 123 2.04 131 0.104
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Fig. 3 Dependence of the MR ratio, Ap, H, and
sensitivity on the CoFe buffer thickness.
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Fig. 4 Dependence of the MR ratio, Ap, H,, and
sensitivity on the Cu thickness.
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Fig. 5 Dependence of the MR ratio, Ap, H, and
sensitivity on the CoFe thickness.
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Fig. 6 MR curve.
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Fig. 7 Dependence of the XRD data on the buffer
layer material.
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Fig. 8 Dependence of the XRD data on the CoFe
buffer thickness.
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Fig. 9 Cross-sectional TEM image.
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Fig. 10 Dependence of the roughness on the buffer
layer material.
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Fig. 11 Schematic image of the cross-section.
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