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Using the phenomenon of ferromagnetic antiresonance~FMAR! in ceramic samples of
La0.67Ba0.33MnO3 at 10 GHz, we report a large magneto-impedance MI5Rs(H i)
2Rs(H')]/Rs(H i), whereRs is the microwave surface resistance andH the applied field. The MI
reaches 30% at a field of 30 mT near room temperature. The FMAR also lets us measureM (T) by
following Rs as a function of T and H. © 1997 American Institute of Physics.
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Recently, large magnetotransport effects have b
found near room temperature, both in conventional gi
magnetoresistance multilayers1,2 as well as colossal magne
toresistance~CMR! manganites.3,4 Large changes in resistiv
ity attendant upon moderate applied fields have been
served even at microwave frequencies.5 The goal of these
investigations has been to maximize the response, espec
at low fields. Very recently,6 we have demonstrated that in
high-quality single crystal of La0.7Sr0.3MnO3 ~LSMO!, more
than a 60% change in the microwave surface resistancRs

near room temperature can be obtained in fields of a few
of mT by appealing not to its magnetoresistance but to
phenomenon of ferromagnetic antiresonance~FMAR!. Here
we show, for the first time, that more than a 30% change
Rs can be obtained in a modest~30 mT! field for a ceramic
sample of La0.7Ba0.3MnO3 ~LBMO!.

The surface resistance of a parallelepiped~23230.5
mm3! of LBMO was investigated at 9.9 GHz over the tem
perature range 250,T,350 K using a cavity perturbation
technique.7 The TC of the specimen was determined to
340 K from an ac susceptibility measurement. The sam
was placed on a side of a rectangular cavity in the region
the maximal microwave magnetic fieldhrf . Although the ab-
solute value ofRs is difficult to access, the relative values a
known to within about 3%. The applied dc fieldm0H ranged
from 0 to 1.5 T and was applied either parallel~H i! to or
perpendicular~H'! to hrf . In the former case one measur
the magnetoresistance while for the latter geometry the m
netoabsorption is controlled largely by FMAR and ferroma
netic resonance~FMR!.

Figure 1 shows a set of field and temperature scan
Rs . A minimum is observed forH'hrf . Previously,

6 we
modeled the phenomenon using the dynamic permeabilitm
of a monodomain ferromagnet derived from the Landa
Lifschitz–Gilbert equation,

dM 8

dt
5g~M 83H8!1

a

MS
SM 83

dM 8

dt D , ~1!

where g5gmB/\ is the gyromagnetic ratio,a the Gilbert
damping term, andMs the saturation magnetization
H85H1hrfe

ivt1H̃ with H̃ containing any stray fields, dy
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namic or static, andM 85M1meivt with m being the dy-
namic magnetization. ForM'hrf the dynamic susceptibility
x ~5m21! can be written as

x5
m0M @m0H1m0M1 iG#

~m0H1 iG!~m0H1m0M1 iG!2~v/g!2
, ~2!

whereG5av/g. If G>0, m511x[0 when

m0H5v/g2m0M . ~3!

This is the FMAR condition, and at that value ofH, Rs

( } A2 im) > 0. TheFMARphenomenon causes adecreas
the microwave absorption which is often observed in th
samples of ferromagnetic metals. For linewidths greater t
;0.1v/g, the FMAR is not so marked and a linewidth co
rection to Eq.~3! is required.

The interpretation of the zero-field observations is
from straightforward since Eq.~2! holds only for a single
domain state; however, detailed calculations show that qu
tatively all of the observed features are reproduced, indep
dent of the assumed domain configuration. In each case
minimum inRs~0! occurs whenv/g5m0Ms , and the dip in
Rs~m0H'! appears at a temperature given byv/g5m0Ms(T)
1m0H' . Clearly, the location of the FMAR is controlled b
M even forH50. SinceM varies rapidly whenT is changed
close toTC , one can trace out FMAR by holdingv constant
and slowly increasingT. Therefore, from the FMAR

FIG. 1. Temperature dependence of the surface resistance at 10 GHz
LBMO ceramic for fields of 30 mT~triangles!, 90 mT~circles!, and 150 mT
~squares!. The minima correspond to point where Eq.~3! is satisfied.
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condition8 @Eq. ~3!# and small linewidth corrections calcu
lated from Eq.~2!, one can determine theT dependence o
M ~Fig. 2!.

The magneto-impedances~Fig. 3! are

MI 85@Rs~0!2Rs~H'!#/Rs~0!)

and

MI5@Rs~H i!2Rs~H'!#/Rs~H i!

for T varying between 270 and 310 K~>TC!; however, it is
crucial to note that this is not a result of magnetoresistan
rather, we are observing a magneto-impedance effect at
crowave frequencies.

G for this LBMO, like that of all ceramic CMR materi
als, is not small~;40 mT!, a clear sign of magnetic disorde
A G value of only 25 Oe has been observed in an epita
LBMO film.9 Considering the sizable magnetic inhomogen
ity, the MI is quite impressive.

To conclude, a sizable magneto-impedance resul
from ferromagnetic antiresonance has been obtained in ra
small applied fields of ceramic LBMO at 10 GHz. Althoug
not optimized, the MI is as large as 30% at room tempera

FIG. 2. Temperature dependence of the magnetization of a ceramic LB
sample. The magnetization was inferred from Eq.~2!.
5158 J. Appl. Phys., Vol. 81, No. 8, 15 April 1997

Downloaded¬26¬Oct¬2007¬to¬129.2.40.89.¬Redistribution¬subject¬to
e,
i-

al
-

g
er

re

and 30 mT. The observation of a large MI in a sinter
material further enhances the possibility of technological
plications since single-crystal manganites are difficult
manufacture. More uniform ceramics with narrow
linewidths will enhance the MI.
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O
FIG. 3. Temperature dependence of the magneto-impedances MI and M8 at
30 mT for a sintered LBMO sample at 10 GHz. MI, which reaches
maximum near 300 K, is the more meaningful quantity since the samp
measured in a monodomain state.
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