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Microwave absorption in a thin Lag;SrysMnO 5 film:
Manifestation of colossal magnetoresistance
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Microwave (MW) absorption by a thin LgSr, ;MnOs film on a SrTiQ substrate is investigated at a 9.1
GHz as a function of a dc magnetic field. Features of this absorption, namely, the jump in the absorption
derivative, have been detected as the applied field passes through its zero value. Hysteretic behavior of the
jumps is also observed. The results are discussed based on the model in which MW losses, additional to the
ferromagnetic resonance, arise due to attenuation of MW currents induced in the sample by both variable
magnetic induction and MW electrical field near the substrate surface with high dielectric permittivity. We
show that zero-field anomalies in MW absorption are directly coupled with manganite magnetoresistive prop-
erties.
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Electron magnetic resonan¢EMR), namely, ferromag-  oriented SrTiQ substrate. The sample was placed at the MW
netic resonancé~MR) at temperature$T) below the Curie  magnetic field loop of TE102 cavity of théband EPR spec-
point T¢, and electron paramagnetic resonaEPR at T trometer Radiopan SE/X-2544. The temperature was in the
>Tc have been extensively used for the study of dopedange 108-400(+0.5) K. The accuracy of the sample to the
manganite oxides. For example, the surface impedance in the-field direction orientation was about2°. The investigated
range of the metal-insulator transition was studied in the&ilm resistivity achieves its maximum at320 K and drops
works of Lofland et al’~* EMR measurements were em- down with decreasing temperature, i.e., it shows a tempera-
ployed for studying the spin structure and magnéitigho-  ture dependence typical for such materials. The magnetore-
mogeneities in bulk and thin-film samplésee, e.g., Refs. sistive effect,[R(H=0)—R(H=1T)]/R(H=0)=25% at
5-8), too. Even though the data on EMR in conductive mag-310 K, is a representative one, too.
netic materials can be influenced by eddy current losses of a At T=360 K a rather narrow isotropic EPR signal with a
magnetic component of the microwav@IW) field>*® g factorg=1.97+0.01 was observed. The peak-to-peak line-
investigation$ 8 do not show any manifestation of the colos- width moAH,, was about 20 mT 4, is the permeability of
sal magnetoresistivityCMR) of manganites in the MW re-  free spack At lower temperatures we observed a depen-
gion. The MW absorption of thin La,BaMnO;_, films  dence of the resonance line position on the arfgbetween
with a linear dependence on the modulus of the externahe film's normal andH-field direction n, which further
magnetic(H) field was observed in Ref. 11. The authorstransforms aff<T.~316 K into a typical dependence for
interpreted the data as a manifestation of the MW CMR ofthe FMR line of a film with the “easy plane” type anisot-
the studied films; however, the physics behind the phenomropy. Figure 1 shows the FMR field temperature behavior for
ena was not considered. parallel and perpendicular film plane geometries. They are

In this paper, the losses at frequeneyl0'°s ! in the  described well by the usual Kittel's equatiolfsA compari-
thin Lag -St, sMNnO; film on the SrTiQ substrate are inves- son of Fig. 1 data with that known from the literatusee,
tigated as a function of the appli¢tifield. New anomalies in €.9., Refs. 3 and 13shows that the film’'s anisotropy is
the MW absorption of the manganite film at the low mag-mainly determined by the sample shdfiee demagnetization
netic field, which to a certain extent are equivalent to thosdactor anisotropy. In our experiment, at least one of the sub-
observed in Ref. 11 but reveal new aspects of it, have beestrate linear sized; , fulfills the relationd; s =n\/2, where
observed. The anomalies, namely, the jumps in the absorp-is the MW wavelength in air andis an integer. Due to the
tion derivative on the magnetic field at the field changing thetemperature dependence @f some dielectric resonator
sample magnetization sign are directly connected with thenodes can be equal to the measured frequencies at appropri-
CMR of manganites that is manifested at this frequency. Thate narrow temperature areas. Its influence on the registered
hysteretic behavior is a representative feature of the jump aspectra can also be se&ee the features at145 and 195 K,
well. The results can be explained taking into account theind others in Fig. JL
Joule losses related both to FMR in a conducting ferromag- The representative records of the FMR spectra for the
net and the MW electricale) field on the substrate surface derivative of the MW absorption on a fieldP(H)/dH, ob-
with high permittivity e. The condition when the anomalies tained atT=298 K and different angleg are shown in Fig.
can be observed is also discussed. 2 for the MW magnetic field of the cavityyy , in the film

Experiments were performed on the 4.0 mnt film plane. The jumps on the spectra at the zero-field region are
with ~0.3 um thickness grown on the 0.3 mr001)- clearly seen. Except for the main FMR line, one can also
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FIG. 1. Temperature dependence of the FMR resonant fields for u H ()
longitudinal, #=90° (solid symbol$, and transversaj=0° (open FIG. 3. The FMR spectrum at=298 K for 6=90°, nl hyyy .

iggb;‘l?d magr;estllsz ?(’[IOI’I. '(Ij’he tfeature_s 0(;‘ FMR fC::]rveS‘%l45, L{ne 1, spectrum “as it recorded;” line 2, the baseline corrected “as
' . an are due 1o a coincidence ot the measuremefl .o o more correct to the experimenter;” line 3, fitting by the

frequency and the dielectric resonator modes. function (3) with c;=4.4T "1, c,=0.001T, andcs=0.13,

observe well-resolved bulk nonuniform spin-wave modes on o . I .
P dence vs field in plane is shown in Fig. 3. The absorption

the low-field sid d surf d the high-field side:
© owriell Side antl SUItare Moaes on the high-iers siae rve P(H), obtained by numerical integration of the Fig. 3

These modes are quite similar to those investigated earlier ort! : S :
spectrum, is shown in Fig. 4. Note that the result of integra-

Lag Mn; 05 films.* _ . . .
The observation of an unusual jump in ti@(H)/dH, yon dgpen.ds on the assumpuon about the baseline behavior
which we detect sweeping the field through zero value, is thd! @ hlgh-fleld.reglon. In F!g. 4 we present the re§ults for
main result of our paper. The jump is very sharp for thedlfferent baseline asymptotic behaviors, to be confident that
“field-in-plane” geometry .(0:90°) while for 60 it is the zero-field anomaly is not sensitive to them. As is seen,
smoother and its height is decreased. The dependence of t Jump N thr?d Z(H)/%H dependencsocorresp;]onds to a
jump height ond is shown in the inset of Fig. 2; it is close to SnarP turn in the dependené¥H) at H~0. For the spec-
sind dependency. In detail the typicalP(H)/dH depen- trum in Fig. 3, the ratio of the jump’s height to the absorption
derivative swing in the region of the FMR line is as large as
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FIG. 2. The FMR spectra at=298 K for different orientations
of the magnetic fieldif.L hy,y). Inset: thed dependence of the jump FIG. 4. The FMR absorption spectrum at=298 K for 6
height; points—the experimental values; the solid line is thedsin =90° obtained by numerical integration of the data in Fig. 3. Lines

dependence. 1, 2, and 3 are the same as in Fig. 3.
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d d ' ' ' features of the anomalous MW absorption of the manganite

/ film at low magnetic field are as followsi) the absorption is
linear on the modulus of thél field; (ii) the dP(H)/dH
behavior is hysteretic{iii) the angular behavior of the
dP(H)/dH jump magnitude is close tosiné, while the
hysteretic loop width vs the field direction follows the
(sing) ! dependence; angv) at given @ the jump relative
height depends on measurement geometry.

There are a few possible physical mechanisms behind the
anomalous jumps alP(H)/dH near zero field. Particularly,
one can expect a jump every time when the field rearranges
the magnetic domains if the absorption linewidth is compa-
rable with the resonarti-field value (assuming the rectan-

4 20 2 4 gular hysteretic loop The height of such a jump should be

#H (mT) about twice the tail of the absorption derivative line in the

L L . L reorientation region. Therefore, for the FMR spectrum given
-40 -20 0 20 40 in Fig. 5@), with woH ;=210 mT andu,AHp,=28.9 mT,
#,H (mT) the magnitude of the jump should be about 0.004 of the
absorption derivative swing of the FMR line, but the experi-
oo rm e mentally observed value is much largéd.33. So, this
mechanism is not the case.

Additional FMR anomalous absorption can be explained
taking into account the Joule losses in the film. While the
sample is placed in the cavity region without the M¥fleld
component, the MWe field, e, ng, is induced by the MW
magnetic inductionp,.= uo(hyet47m,) and, in its turn,
causes the eddy current losses. Hepgs the MW magnetic
field in the sample, which takes into account the demagneti-
zation factor, anan,. is the ac magnetization. The fiedg, i,
depends on the sample shape and %t2epn the H-field
value and the FMR linewidth. The latter dependence appears
through the usual relatiom,= y.dac, Where both the real
X4 and imaginaryys. parts of magnetic susceptibility have
well-known resonant dependenee, e.g., Refs. 9 and )15

L b e L b Also, if the external MWe field (e.g., e field of the cavity
-40 -20 0 20 40 €.c.extiS Present in the sample, it must be taken into account
uH (mT) as well, and then the total MWfield acting on the sample is

FIG. 5. The hysteretic loop of the absorption derivative jump ate,.= €, inqt €ac ext-

T=298 K, nL hy,y for the magnetic fielda) in-plane andb) close The total MW absorption of the sample can be written as
to normal to the film. Bottom insets: the part of the hysteretic loopp, =P s+ P, , where Pryg= 0-&‘)reZchVhe21c The Joule
obtained by integration of the derivative spectrum. Top inset: thqosseSP(, are proportional tceio the sample’s conductivity

absorption d_erlvatl_ve of the jump hyst_eretlc loop at a temperatur%_(T,H)’ and can be written in the form
where the dielectric resonator mode is close to the measurement

frequency.

dP/dH (arb. units)

P(H) - P(0)

dP/dH (arb. units)

P(H) - P(0)

P,=20(T,H) fveﬁchZ P(€acind T P(€acexd- (1)

0.33. In the geometrid L nlthy,, (not shown this ratio gets .
the value 0.78. MW According to Refs. 9 and 10, the lossRée,c nd aff,j Pevr

The sudden change in thetP(H)/dH dependence takes can be summarized in the form®eyr=0.50eXa 3o
place not precisely & =0 but is a little bit shifted from this where) . corresponds to the usual expression ygr with a
point in the direction of the field sweeping. As a result, thechanged resonance half-widtbt .=AHq+ 8,,4. HereAH,
records of two sweepings in opposite directions give almosis the initial FMR line half-width(without inclusion of the
a rectangular hysteretic loop. The example of such loops isample conductivity and Jj,4 is the correction to it con-
shown in Figs. &) and 3b) for the “field-in-plane” and  nected with the additional damping of magnetization preces-
close to “field normal-to-plane” geometry, respectively. The sion due to the fields,;,y and conductivityo(T,H). One
angular dependence of the hysteretic loop widtH,;; is  can write approximately 0 Sng~a10(T,H), wherea; is
very well described by the relationgAH s~ 1.4/sind mT. the parameter that depends on the sample form and size.

Any nonlinear effects were not detected in the testingThen theP, should be understood &€, o) Only; i.e., the
measurements at differerftip to 15 dB values of MW  additional nonresonance MW absorption is caused by the
power submitted to the sample. So, the main distinguishingield e,. .x;and is proportional tar(T,H).
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As is known, the manganite material resistivity behaviorplaced in the MW magnetic field loop of the cavity? In our
on theH field can be phenomenologically described, assumepinion, the fielde,. ;appears to be due to large permittivity
ing the dependence of the resistivity 83, BM, M2, [M|,  of the SrTiQ, substrate. The component of the MW field,
etc., whereB= uo(H+47M). In particular, following Eq.  being concentrated inside the substrate and penetrating partly
(6) of Ref. 16, both the temperature and field dependenciefto the manganite film, is responsible for the field o\ It
of manganite magnetoresistivity can be qualitative describegs worth noting that in Ref. 11 the manganite film was also
in terms of [M|. Then, writing the magnetization as piaced in the region of the magnetic component of the MW
M(T,H)=Mq(T)+H-[IM(T)/oH]|4_o+ +--- and taking  c4yity. Since the film in Ref. 11 had the underlying and cup
Intoaccount that[‘fM(T).MH]|H?0+”3'”9‘9M (MIMim — srTio, layers, the fieltey exis also present on the sample.
for the “easy-plane” film in the fieldH<4mMo, one can 1 aqt the idea, we repeated the measurements on the film of
gasny obtain for magnetoconductivity dependence on th?he same composition but on the LaAl@ubstrate. Anoma-
field and angle lies in the MW absorption were not observed. We also per-
[o(T,00— o(T,H)]x|H|sin 6= HZsing. (2)  formed additional measurements with the sample shifted
) . o from the magnetic towards the electrical loop of the MW
Proceeding to Eq1), we obtainP,~[H|sin¢in accordance .,y Now the ratio of the zero-field jump magnitude to the
with our data. HereH—0+ means that the derivative is FMR dP(H)/dH value does not depend on the shift, i.e., on
taken on the same side of the region of magnetization reorige hresence of the MW electrical field of the cavity on the
entation, wherer(T,H) is consideredpM(T)/dH y IS the  sample. That is because, due to the wavelength difference,
M(T) ”denvatlve on theH field parallel to it. For the “easy he yniform MW field of the cavity cannot excite the short
plane” ferromagnet with the rectangular hysteresis 100pg|ectromagnetic wave in the substrate. It may take place only
and coercive field He(T) the [o(T,0)=a(T.,H)] 5 the presence of heterogeneity with the appropriate size.
([Herd(T)| = |H]sin ) if ([Her —[H[sin6)>0. In this case The ferromagnetic film on the substrate is the main hetero-

the o(T,H) dependence demonstrates hysteretic behavigfeneity of the case and determines the condition for MW
with the loop width~(sin6)~* in agreement with the mea- fia|q excitation in the substrate B -

surements. . . In conclusion, we report the preliminary results of CMR
The fitting of the experimental data far=90° by the | anifestation in the MW absorption by a thin
function Lag 1Sy sMnO; film which is grown on the substrate with

Ps(H)=const {c, \/m+”)2£C(H,5Heﬁ)}. ) high permittivity and is placed in the magnetic loop of the

cavity. Such features as the jumps in the absorption deriva-
with 8Heg=c,+cgyH?, is shown in Figs. 3 and 4. One can tive on theH field and the hysteretic behavior of the jumps
see a good agreement between the model and experimentelve been detected as the applied field passes through its
data. The value of the fitting parameters, ; and its physi-  zero value. The additional losses arise due to the damping of
cal origin will be discussed in detail elsewhere. Here we onlythe eddy currents created in the manganite film by the B1W
note that the coefficiert; is responsible for the P(H)/dH  field. This field is inducted by the magnetization excited in
jump and is caused solely by the M@ield e, .racting on  the FMR process and by the penetration of the electrical MW
the film. field components from a high-dielectric substrate into the

What is the reason for the field presence if the sample isnagnetic film.
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