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Magnetoresistance in glass-coated Fe—Ni—Cu microwires

K.-Y. Wang, L. Feng, C. J. O'Connor, and J. Tang
Advanced Materials Research Institute, University of New Orleans, New Orleans, Louisiana 70148

D.-X. Chen, M. Vazquez, and A. Hernando
Instituto de Magnetismo Aplicado, UCM-RENFE, P.O. Box 155, 28230 Las Rozas, Madrid, Spain

Glass-coated Fe—Ni—Cu microwires were prepared by Taylor’'s technique. X-ray diffraction data
show patterns corresponding to fcc Cu. Negative magnetoresistance has been observed, which
reaches 8.15% at 77 K and 6.35% at 300 K in magnetic field of 9.0 T. There is no significant
difference betweerl L H and IlIlH configurations. Both dc and low frequency at<(1 kHz)
measurements exhibit essentially the same values of magnetoresistance. The observed
magnetoresistance in the Fe—Ni—Cu microwires is of the same origin found in the granular giant
magnetoresistance materials and is distinguishable from the giant magnetoimpedance commonly
seen in soft magnetic microwires. ®999 American Institute of Physics.

[S0021-897€09)26708-4

I. INTRODUCTION probe method. Both dc and &ftequency up tof=975H2
The discovery of negative giant magnetoresistanc‘gneasurements were conducted in applied magnetic fields 0

(GMR) in Fe—Cr magnetic multilayers by Baibieh al and <H<9T.

the subsequent finding that GMR occurs in many other

multilayer ultrathin magnetic film systefis have attracted

much attention. GMR was also found in granular structured!l. RESULTS AND DISCUSSION

where metallic ferromagnetic nanopatrticl re disper in . . .
ere metallic ferromagnetic nanoparticles are dispersed in a Figure 1 shows the x-ray diffraction pattern of the as-

nonmagnetic metal matrix’ Qranular_ systems exhibiting cast Fe—Ni—CuFe 20%, Ni 20%, and Cu 60pmicrowires.
GMR have been made applying a variety of sample prepara:, o major peaké are th(;se of #4.1), (200, and

tion techniques including thin film deposition and mechanl-(zzo) reflections of fcc Cu lattice. The peaks are slightly

. 8 . . _
gg;flel :joyrlr?ag.nlgtiEzclzlen;o%?arasicgsv?rr:;tlc rr()aroapr(zgebs Oiglfgsr?sshifted to higher degrees, which indicates that Ni and, per-
g y brep y 'ay haps, some Fe are dissolved in the Cu lattice leading to

technique have been studied widélyMost recently, ) . o :
i : .smaller lattice parameter. While Ni is completely soluble in
kilometer-long glass-coated Fe—Ni—Cu and Fe—Co—Cr mi- L . : s .
. . . . Cu, Fe is virtually insoluble in Cu under equilibrium condi-
crowires have been prepared and their magnetic properne[s

have been studied. The as-cast Fe—Ni—Cu microwires o However, the rapid quenching applied in our experi-

i . | . .~ _ments may extend the solubility of Fe in Cu. The fact that
without further annealing exhibit soft magnetic propertlesGMR exists in the as-cast samplese below suggests that
and those annealed at>600 °C experience significant mag- P 99

. ) ) . some of the Fe atoms should remain in their elemental form:
netic hardening. The magnetoresistance in these glass-coate . o
: ! . . . amorphous and nanocrystalline. This is also seen from the
microwires has, however, not been studied. In this article, we . : A :
) : -ray diffraction pattern in Fig. 1. The microstructure of the
report the magnetoresistance in glass-coated soft magnetic

Fe—Ni—Cu microwires prepared by Taylor’'s technique.

Il. EXPERIMENTS

The Fe—Ni—Cu alloy(Fe 20%, Ni 20%, and Cu 60pb6
was prepared by induction melting appropriate amounts of
the constituent elements Fe, Ni, CAldrich). It was then put
into a Pyrex glass tube and melted using an induction heating
coil. A continuous kilometer-long glass-coated microwires
was extracted from the lower end of the glass tibithe
uniformity of the diameter of the wire was checked by a
contactless high-frequency technique. Some segments of the
wire were examined with a conventional optical microscope N o [N
(Carl Zeiss. The cross section was aboufubn in diameter. . . . . L
X-ray diffraction patterns was recorded with a Philips X'Pert 2 % 4 S0 6 70 80
diffractometer using CHa radiation. The magnetoresis- 2 © (degree)
tance was measured at 77 and 300 K with a Physical Progqg. 1. x-ray diffraction pattern of the as-cast Fe—Ni—Ge 20%, Ni
erty Measurement SysterfQuantum Design using four-  20%, and Cu 60%microwires.
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0021-8979/99/85(8)/4474/3/$15.00 4474 © 1999 American Institute of Physics



J. Appl. Phys

38

., Vol. 85, No. 8, 15 April 1999

36 |-

34

32

28 |-

Resistivity ( nQ.cm)

26

24

1 " ] " 1 2 1

100 150 200 250
Temperature (K)

300

4475

Wang et al.
1 T 1 1 i t H 1 1
°r T=77K
} oc
2L .
[ ] °
®
~ $ Y
3\/ 4+ o ‘. -
o 4 ®
= g N
6 | .. .. =
7 .
@
8 .0’ \.. -
1 1 1 1 1 1 1 1
100 -80 60 -40 -20 O 20 40 60 80
H (kOe)

FIG. 2. Resistivity of as-cast Fe—Ni—Cu microwires as a function of tem-FIG. 4. Magnetoresistance of the as-cast microwires taken at 77 K$f&m
perature from 77 to 300 K.

to 9 T. Magnetoresistance reaches 8.15% in magnetic flei® T.

Fe—Ni—Cu resembles those of GMR granular materials ithe magnetoresistance, defined as MRy~ o))/ P(0)

which magnetic Fe nanoparticles are imbedded in predomigersus applied field for both as-cast and subsequently an-
nealed Fe—Ni—Cu microwires. The magnetoresistance is
The Fe—Ni—Cu microwires are magnetically soft. Both ahout 1.3% at 300 K in a fieldfd T for the as-cast sample.
as-cast microwires and those heat treated at 500 °C for a@easurements have been carried out with the current both
hour have typical coercivity of a few Oersted. Samples heaparallel to the applied field and perpendicular to the field.
treated above 600 °C have much higher coercivity. Our maggoth orientations show negative magnetoresistance of the
netotransport study concentrates on the soft Fe—Ni—Cu Mkame magnitude. This is characteristic of GMR and it can be
ruled out that the observed magnetoresistance arises from
Figure 2 shows the resistivity of as-cast Fe—Ni—Cu mi-anisotropic magnetoresistan¢éAMR). The as-cast sample

nately non

crowires both as-cast and subsequently heat treated.

magnetic Cu matrix.

crowires as a function of temperature from 77 to 300 K.was subsequently annealed fb h at 500 °C. Atthis tem-

Metallic resistivity is evident. DC mag'netoresistance Wasperature Fe particles, which is responsible for the spin-
first measured at room temperature using an electromagngkpendent scattering, grow significantly in size effectively
which can reach a maximum field of 1.1 T. Figure 3 shows
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FIG. 3. Room temperature magnetoresistance vs applied field for both a$-IG. 5. dc and acf(=975 Hz) magnetoresistance of the as-cast microwires
cast and subsequently annealed Fe—Ni—Cu microwires.
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reducing the scattering probability and thus reducing theK in a magnetic field of 9.0 T. There is no significant differ-
GMR. Magnetoresistance decreases to 0.9% for the annealedce betweehl H andlllH configurations, which is charac-
sample(Fig. 3). The effects of annealing at the mentionedteristic of GMR. The observed magnetoresistance in the Fe—
temperature on the particle size have been well documentedlli-Cu microwires is distinguishable from the giant
for example, see Ref. 11. magnetoimpedance commonly seen in soft magnetic mi-

Shown in Fig. 4 is the data of magnetoresistance of therowires. Upon annealing the sample at 500 °C for an hour,
as-cast microwires taken at 77 K. Magnetoresistance reachéise magnetoresistance decreases. The effect of such heat
8.15% in a magnetic fieltl =9 T. The observed magnetore- treatment is the growth of the magnetic Fe nanoparticles
sistance shows on indication of saturation in such a higlwhich reduces the spin-dependent scattering responsible for
field. As temperature increases to 300 K the magnetoresithe GMR.
tance decrease to 6.35%ig. 5).

AC magnetoresistance was measured at room temper&CKNOWLEDGMENTS
ture from 1 to 975 Hz. AC magnetoresistance taken at 975 Research at UNO was supported by N$BMR-
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