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Electron-spin-resonance line broadening around the magnetic phase transition in manganites
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We report magnetization and electron-spin-reson@B&R measurements around the Curie temperature on
single-crystal and ceramic colossal magnetoresistance manganites. The temperature dependence of the ESR
linewidth below~1.1T is well described in terms of a two-magnon scattering relaxation mechanism induced
by the demagnetization fields of the pores between crystalli&63-18289)09241-3

The possible technological applications of mixed-valenceof the abrasive. The size of these craters was studied by
manganites based on their intrinsic colossal magnetoresiscanning electron microscog$EM).
tance(CMR) have recently promoted a large number of the- Ceramic samples of lgg/Cay 3qMNO;, Lag -5 33MNO3,
oretical and experimental studi&slowever, the presence of and P .S, 3MnO; were prepared by solid-state reaction.
chemical and magnetic inhomogeneities in CMR manganitefn the final sintering process the pellets were annealed at
that seem to be single phase is at the present controversidl300 °C for 100 h, with an intermediate grinding step at 30 h.
Electron-spin-resonand&SR) resultg show a systematic in- Powder x-ray diffraction patterns show single phases. From
crease of the linewidthAH) with T>Tin (Thin=1.1T¢). transmission electron microscogpyEM) and SEM analysis
On the other hand, fof <T,,,, AH increases suddenly in of ceramic samples, the mean size of the particte20 um)
as-grown thin films and ceramic samples with respect to thend poreg<1.5 um) was determined. The nominal oxygen
equivalent single crystafs® Nevertheless, the linewidth de- content was found to be close to 3.00 as determined by io-
rived from the Gilbert equatiohwhich accounts for the fer- dometric titration. ESR measurements were performed at 1.2
romagnetic resonand&MR), is found to be independent of GHz (L band, 9.4 GHz(X band, and 34 GHZQ band with
temperature folf <0.9T:. To explain this contradiction be- an ESP-300 and an EMX Bruker spectrometer covering the
tween experimental behavior and theoretical predictions, theemperature range from 200 to 500 K. The line shapes for
possibility has been suggested that additional contributionsingle crystals and fine-powdered ceramic samples were
to the intrinsic linewidth can arise from magnetization andDysonian and Lorentzian, respectively. For Dysonian line
Tc distributions present in polycrystalline samples, due toshapes, linewidths and resonance fields were derived by fit-
variations in the local chemical homogeneitgut a similar  ting the line to the proper combination of the absorptive and
increase in the linewidth below a certalf,;, has recently ~dispersive part of a Lorentzian shape line, following the
been reported as a consequence of surface polishing fépethod proposed by Petet al. (sge Flg._;L Initial magne-
Lag 675t 3gMNO; single crystals by Causet al? This result tization curves were measured using a vibrating sample mag-

makes it hard to assume that the origin of the wider linewidtH'€l0metenVSM) from 0 to 12 kG between 240 and 400 K

in polycrystalline samples with respect to those in single(AT:tsz)' TI-TE ;nagnﬁtlzaﬂoi v7lu¢stgo fit the ESF?. dlgta
crystals is mainly due to the chemical inhomogeneity of the\(’veie2 a e;:n?j B |’é|7;meé)e r = @iy 1S the resonance fie
material itself. For a better understanding the origin of the w=emy =9 ' . . .

In Fig. 2 we present the experimental linewidth for

observed line broadening beldly,;,, we have measured the L .
. . 8y 6751p.3aVINO3 (a) and Pg 751, 3dMN0O; (b) single crystals

ESR spectrum at different f.requenclles My eBoaMNO; 54794 GHz, as a function of polishing. The linewidth for
(A=La, Pr;B=Ca, Sy ceramic and single crystals. We re- 4 ycrystalline samples is also shown for comparison. Pow-
port here that the dipole demagnetization fields arising fronjer ceramic samples show a minimum linewidth ~e1£30
pores between grains in nonsingle-crystal samfdesamic, and~260 G for La- and Pr-based compounds, respectively,
as-grown films, etg¢.are the origin of the observefiH(T at Trin(=1.05T¢). Below this temperaturd H(T) suddenly
<Tmin) Spread. increases, reaching values of 1300 G at 300~KO(79T ;)

Single crystals of LgsSr.3MnOz and PpeSihzMnOz  for Lag ¢,Sr 3MnO; and 2000 G at 280 K~40.87T ;) for
were grown by the optical floating zone method as has beePr, .S, ;3Mn0O;. On the other hand, as was expected, the
previously described in Refs. 5 and 6. Single crystals werdinewidth of a small flat single crystal (21X 0.1 mn?) re-
cut with a diamond saw. Spherical-shaped polished singlenains nearly constant belowl at about 70 G for
crystals were made by air propelling the specimens arountlag :Srp 33MNO5 and 200 G for Ry Sty 3dMNnO;. However,
the walls of an abrasive cup. In this way, the size of surfacavhen these single crystals are spherical-shaped polished
craters induced by polishing can be controlled by the textur¢0.5—1 mm in diametgy they show a minimum value of
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FIG. 1. Experimental linécircles of Lag 6:Sip 3aMnO; (X band, T T r
365 K) and absorption-dispersion combination funct{solid line) 2000 'b) 0 T
that better fits the data. The difference between the experiment and p r0.67sr0_33MnO3
the fit is always lower than 5%. 16001 ceramic O ]

AH, which increases below this temperature, as ceramic
samples do. Moreover, this increase bel®dyy, is strongly

—~
2]
- . . Y e 2 1200f :
pendent on the size of the surface pits caused during the 3 :
polishing process as can be seen in Fig. 2. O 3'8 um
Two sources of line broadening in polycrystalline samples - 800+ Tey 2 _
(or polished single crystalsiot present in single crystals are E ? e
(@) the random orientation of the anisotropy energy axes ‘"u.’ % ‘,e:-'g
from grain to grain andb) the demagnetizing fields arising 400} Tk e .
from nonmagnetic inclusions, pores between grains, or sur- Junpolished S804
face pits in polished single crystals, etc. T - s
Lofland et al® recently determined the crystalline anisot- 200 250 300 350 400
ropy fieldH4 in a single crystal of Lg;Sry sMnO3 by FMR,
yielding Hy~230G. In view of the much largeAH ob- Temperature (K)

served, it is clear that mechanigm is not the main case for
the observed increase of the linewidth. Let us now conside{O

the effect of 'porolsity in our samples. A$ is shown in Fig. 3’ESR data were taken at 9.5 Gl band. The size of the surface
the excess linewidtfiAH (ceramig-AH(single crystal] for craters induced by polishing in the single crystatglicated in the

Lag 67510.3gMINO3 and Pp ¢S 3gMINO; is well fitted by the  figure) was determined by SEM.
following phenomenological equation:

FIG. 2. AH vsT for single crystalgsolid symbol$ and ceramic
pen symbols of Lag 6751 3MNO; (&) and Pp 61 3dVInO; (b).

porosity between 8% and 9% were obtained. TBe
AH(T<Tpn)=47M, (1) =3.95(3) value derived for LgSrysMnO; is slightly
higher than typical values applying Schdann and Sparks
whereM is the measured magnetizationttH, and® isa  theories 3~1.5).° However, as this approach was devel-
fitting factor. oped for ideal spherical pores in low magnetization ferrites
Following the theory developed by Sparksp=pg, (4mM <H), similar values forB are not expected for FM
where p is the porosity and3 is a factor related to some manganites (4M~H).
geometrical parameters such as the shape of the pores. TheThe high value of AH(T<T,) for PrygSrih3MnO;,
excess linewidth depends linearly on the fraction of thenear the twice of those for the other ceramic and single-
sample occupied by pores and is proportionalMo This  crystal samples measured at the same frequency, is also no-
result is similar to a demagnetization effect. As is clear fromticeable. The P ion acts as a strong relaxing ion species
Fig. 3, successful fits are obtained considering porosityand contributes tAAH(T<T,,,) with an additional term,
broadening only and neglecting the anisotropy term. Thigyiving rise to a large linewidth broadenift.These addi-
agrees with the results of Seiden and Grunberg for polycrystional contributions toAH(T<T,.), apart from that of the
talline ferrites'® They obtained a porosity contribution to the porosity, are also the reason for the large valueBef10
linewidth 90% larger than the anisotropy one, even in high-here obtained. Although we know that some additional con-
density p<1%) materials. We have calculated experimen-tributions to the intrinsic linewidth have not been considered,
tally the porosity of the ceramic samples as the differencehese constitute only a very small percentage of the observed
between x-ray and macroscopic densities. Typical values fdine broadening in our samples, and their omission does not



11924 BRIEF REPORTS PRB 60

1500 r T T T T T T v ] T T T T
a ]
_ ) ] 2000 La,Ca, ..MnO,
1250F La, ;,Sr, ,,MnO;
- 1000} - = 1500
g 2
3 750} : 3
2 < 1000
T 500} : z
250} ]
o ° 500f o 270 285 300 315
0 o © L Temperature (K)
300 325 350 375 400 425 450 250 260 270 280
Temperature (K) Temperature (K)
3000 o Tt T FIG. 4. Q-band(35 GHz,H,=12kG) data of AH(T<T,,) for
b) Lag ¢ Ca 2MNO; (triangles and theoretical predictiofsolid line).
L ] Note how theT=T,,, can be accurately predictéohse).
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2000 X-Band 1 tribution to the linewidth of ferrite and garnets single crystals
—~ proportional to 4rM &, whereé is the surface/volume ratio.
72]
g Surface demagnetization effects penetrate effectively to a
s 1500 ] depth which in high conductive samples is similar to the skin
QO depth, and only the surface contribution to the linewidth is
= b d. That is the reason why two lin@ese from the
observed. That is
E 1000 1 bulk, unaffected by temperature and polishing, and another
from the surfackare not observable. Residual surface strains
g ;
500 s 8 9 that cause field-dependent losses exist in polished single
r crystals. To the best of our knowledge, the modelization of
ot this contribution does not exist, although in Ref. 11 an ex-

270 295 320 345 370 perimental estimation was made in YIG samples. These au-
thors found that the strain contribution is always negligible
Temperature (K) in the presence of the main porosity contribution.
The difference in the #M proportionality factor for ce-
FIG. 3. Excess linewidtiiceramic minus single crystalys T ramic (p8) and single crystal&d) explains the apparent con-
for ceramic samples of lgg Sl 3MNO; (a) and PpeSihsMNO;  tradiction of how 1.5um pores can produce a linewidth
(b) at different frequencies. The solid line corresponds to ®%.  broadening higher than those caused by g#8surface cra-
with M measured at 3300 X band and 400 GL band. Equation  ters in single crystalésee Fig. 2
(1) fits very well the experimental excess linewidtteramic minus In view of these results, plots of the linewidth of
single crystal in both Pp 7St 3MnO; and Lg 6Sh.5MnOs. different-sized spheres as a function of the reciprocal diam-
eters and extrapolation to the intercept should be made to
affect the main conclusions of the paper. These mechanisnextract the intrinsic linewidtiiespecially in high magnetiza-
of relaxation can lead to non-negligible contributions to thetion materials.
linewidth in the case of ferrimagnetic resonance, where some Also, a strong frequency dependence Tof;, has been
materials have exceptionally narrow lines. observedsee Fig. &)] as a consequence of the larger fields
Good correlation between experimenddfi (T<<T,,;) and  necessary for resonancl (= w/ 7).
M(H,) through Eqg. (1) was also obtained for Finally, we would like to mention that fitting the high-
Lag g, Ca 3dMNO; ceramic samples at different frequencies.temperature datdAH(T>T,,,)] to the expression derived
In Fig. 4 we showQ-band data along with the fit to E¢l). by Causeet al. in Ref. 2 andAH(T<T,) to Eq. (1), Trin
The usual FMR linewidth is the relaxation frequency of can be accurately predicted and the whole temperature range
the uniform precession spin wavyiee., k=0, A\=«). Butthe  ESR linewidth successfully reproducéeig. 4, insel.
demagnetizing energy introduced by the pores produces the However, it must be noted that the linewidth we have
relaxation of the uniform precession into other spin-wavecalculated to be due to porosity could arise from structural
modes f# ). This gives rise to the nonintrinsic porosity defects, inclusion of second-phase grains, and changes in the
contribution to the linewidth. The presence of nonmagneticcomposition, as well as air pores or any other effect that
impurities or surface craters in single crystals induces similachanges the magnetization due to variations in the composi-
linewidth spread neaf.. Dionné” reported a surface con- tion. However, we have experimentally measured the poros-
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ity and proved that in our case this is equivalent to the efcrystals, and it is proportional to the magnetization measured
fective magnetic porosity (which accounts for the atH=H,. Without including any magnetocrystalline anisot-
experimental temperature dependence of the linewidth beloWpy energy term or the presence of any kind of local chemi-
Tmin)- cal inhomqgeneitigs, we have fitted the experimentdl( T

In summary, we have shown that relaxation of the uni-<Imin) Satisfactorily.
form precession magnons into other spin-wave modes is the \we wish to thank to S. B. Oseroff, Y. Tokura, A. M.
most important relaxation pathway in polycrystalline galhashov, C. Vaquez-Vaquez, and J iguez for provid-
samples of CMR manganites, near beldy. The line- ing the single crystals and for helpful discussions. We also
widths AH(T<T,) in all the cases studied have their origin acknowledge financial support from M.E.Gpain through
in demagnetizing fields arising from pores between grains ifProject No. MAT98-0416, and two of u$.R. and L.E.H.
polycrystalline materials or surface irregularities in singleacknowledge F.P.l. grants from M.E.C. of Spain.
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