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Antiferromagnetic resonance (AFMR), dynamic conductivity, and dielectric permittivity have been
studied in the La, _,Sr,MnO5 perovskites at a frequency range of v=3-33 cm™! by the use of a
quasi-optical backward-wave-oscillator technique. Two AFMR modes have been observed in
LaMnO; and LajgsSr)osMnO;. Temperature dependencies of their resonance frequencies,
linewidths, and mode contributions to a static magnetic permeability have been obtained and
corresponding parameters of magnetic interactions have been extracted. A jump in the dielectric
permittivity €' (7) was found at 7=100-120 K in La, ¢Sry ;MnQ;, which indicates the existence of
an additional phase transition (probably, a polaron ordering) besides the ferromagnetic transition at
170 K. A sharp increase of the dynamic conductivity o’ (v,T) was observed near Curie temperature
(285 K) at a metal—semiconductor transition in La, g,5Srg 175MnQO;, which was slightly smaller than
its static value. © 1998 American Institute of Physics. [S0021-8979(98)31811-3]

The recent observation of the colossal negative magne-
toresistance in doped perovskites R;_ A . MnO;, where R is
a trivalent rare-earth ion and A is a divalent ion such as Ca or
Sr,! has attracted considerable interest in these compounds.
Their magnetic, electronic transport, structural, and optical
properties exhibit a remarkable variation with the doping
level 2

The parent compound LaMnO; (Mott-type insulator) has
a canted antiferromagnetic layer (A, F,) structure with a Neel
temperature Ty~ 140 K.°~’ Manganese ions Mn*>" have a
3d* electronic configuration with a total spin S=2, where
three electrons occupying 7,, orbitals may be considered as a
local spin of §=3/2, while the remaining electron occupies
an e, orbital hybridized with oxygen 2p states. The spins of
the #,, and e, electrons are parallel aligned due to on-site
Hund coupling. The substitution of the rare-earth ions by Sr
(or Ca) ions results in doping of holes to the e, orbitals and
a transition from a canted antiferromagnetic insulating state
to a ferromagnetic metallic state,'">® which is stabilized due
to a double exchange.’

Recent spectroscopic investigations of the doped lantha-
num manganites indicate that their dynamic properties
change drastically through the phase transitions and are very
sensitive to the doping level. An infrared study of the optical
conductivity of La;_,Sr,MnO; has shown a large variation
of the electronic structure in a wide frequency range
(~2eV) with the spin polarization of the conduction
carriers* and a shift of phonon frequencies at the ferromag-
netic metal—insulator transition.'* Inelastic neutron scattering
experiments have revealed spin excitations in pure
LaMnOs;,”'!" and these dramatically change with doping
level.!? In this work we performed investigations of antifer-
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romagnetic resonance (AFMR), dynamic conductivity, and
dielectric permittivity of La,_,Sr,MnO; manganites in the
submillimeter frequency range by means of a quasi-optical
backward-wave-oscillator technique.'>!'

Single crystals of La; _,Sr,MnO; (x=0, 0.05, 0.1, 0.15,
and 0.175) were grown by the floating zone method with
radiation heating in an air atmosphere. X-ray powder diffrac-
tion measurements showed that grown materials were of
single phase. However, x-ray topography has revealed a twin
structure in the crystals.

Resistance, p(7), was measured using the four-probe
method at 7=4.2—400 K in magnetic fields H up to 12 kOe.
Magnetization M(T,H) and ac magnetic susceptibility
Xac(T) measurements were performed in magnetic fields H
=12 kOe at T=4.2—-400 K.

The transmission 7(v) and phase shift Ap(v) spectra
of thin plane-parallel plates were measured using a
quasi-optical ~ submillimeter =~ backward-wave-oscillator
spectrometer in the frequency range »=3-33cm™! at
temperatures of 5—300 K. The complex dielectric permittiv-
ity e(v,T)=€¢'+i€" as well as the dynamic conductivity
o(v,T) were determined from the 7(v) and Ag(v) spectra
using Fresnel’s formulas for the transmission and phase shift
of the plane-parallel plate.'” In order to take into account the
AFMR mode contribution we used a harmonic oscillator
model for a permeability dispersion:

13,14

p=1+3Ap2}/(v; = v+ jvAr), (1)

where v;, Av;, and Ay; are the resonance frequency, line-
width, and mode contribution to the static permeability of the
ith mode, respectively, j= J-1.

LaMnO;: In the transmission spectra of the pure
LaMnO; we observed two lines close together, which ap-
peared at T<<Ty=140 K. We have identified the lines with
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FIG. 1. Temperature dependence of the AFMR frequencies in
LaMn, _Sr,O; for x=0 and 0.05. Arrows indicate the corresponding Neel
temperatures.

two AFMR modes and have fitted 7(v) spectra using
Fresnel’s formulas and Eq. (1) for the permeability. The tem-
perature dependence of the AFMR frequencies is shown in
Fig. 1. The values of the linewidth, mode contribution, and
complex dielectric permittivity are equal to Aw,
~0.5cm™ !, Ap5~0.035, and €'~20.5, €"~0.1, respec-
tively, at 7=80 K. An inelastic neutron scattering study of
LaMnO; gives the gap for the spin waves at about 19.8 cm ™
at 20 K (Ref. 7) and 19.4 cm ™' at 8 K,!' in agreement with
our resonance frequency values of 18.1 and 17.3 cm ™! at 4.2
K (Fig. 1).

According to Refs. 6 and 7 the antiferromagnetic spin
axis in LaMnOs; is along the b axis of the orthorhombic
Pbmn crystal and a small spin canting takes place along the
c axis (magnetic structure of the A F, type). There are two
AFMR modes in the crystal whose frequencies are deter-
mined by'*

vi=yQQHH)?,  v,=yQHHY+H), ()

where Hflb=KCb My, Hjb=Kab /My, and K, ,, are anisot-
ropy constants for the cb and ab crystallographic planes,
respectively, Hy and H are isotropic and antisymmetric ex-
change fields, respectively, M /2 is a sublattice magnetiza-
tion, and 7y is a gyromagnetic ratio. The first (quasiferromag-
netic) mode is excited by Alla and b axes, while the second
(quasiantiferromagnetic) mode is excited by Allc axis. The
corresponding mode contributions are: Aui=4wpx, ,
A,u?=471-p)(mt for mode 1 and AuS=4mpy, for mode 2,
where xy, =M /2H and )(mt=m§/ch are transverse and ro-
tation susceptibilities, respectively, my= x, Hp is the weak
ferromagnetic moment and p~6.5 g/cm?’ is the crystal den-
sity. Due to the twin structure of the investigated LaMnO;
crystals both modes were observed simultaneously with
nearly equal mode contributions at various polarization of
radiation. Assuming equal volume for all six kinds of the
twins and their even distribution in the sample we obtain
Ap=13(Aui+Au?) and Au,=1/3 AuS and then we
may estimate x, ~(1.4+0.2)X 10" % cm®/g and the corre-
sponding exchange field H;~3.3%X 10> Oe. This value of the
X, 1s in a reasonable agreement with the y, =(1.8%0.3)
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FIG. 2. Temperature dependence of the dielectric permittivity
€1,(7.5 cm™") (a), dynamic [o, (7.5 cm™!)] and static (o,) conductivity
(b) and ac magnetic susceptibility x,. (c) of LayoSry ;MnO;. Indices 1,2
correspond to the two crystallographic directions: 1 —[ —110] and 2—[11
-2].

X 10~* cm?/g deduced from our static measurements. Using
the interplane exchange constant obtained from an inelastic
neutron scattering study of the spin waves in LaMnO;"!! we
can determine Hy~4 X 10° Oe that is close to our data. Us-
ing the value of the weak ferromagnetic moment for a single
domain my(7=78 K)=4.2*+0.5 emu/g deduced from our
static measurements and anisotropy constant K .,(7=78 K)
~3%10° erg/g (=6 cm™!/ion) determined from the AFMR
frequency we may estimate x,,,=6X10~® cm®/g. The small
value of the x,o, 1.€., Xrot<<X., €Xplains the nearly equal
mode contributions (Au;~Au,) observed in our experi-
ment. We note also the small contribution of the antisymmet-
ric exchange field A, into the AFMR frequency and nearly
equal values of the anisotropy constants in different crystal-
lographic planes that permit the use of a simple model of an
uniaxial antiferromagnet to describe the spin waves in
LaMnO,."!!

Lay 95Sry 9sMnO;: Two AFMR modes were revealed for
this composition, which in contrast to the pure LaMnO;, had
significantly different frequencies (Fig. 1). What’s more, the
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FIG. 3. Temperature dependence of the dynamic o7, (at 7-20 cm™ ') and
static (o) conductivity and ac magnetic susceptibility (x,) of
Lay 455r9,17sMnO; .

samples (b-cut plane parallel plates) practically did not con-
tain twins and we were able to determine excitation condi-
tions and identify the modes: the low frequency mode (v,)
observed at the hlla axis was identified as a quasiferromag-
netic mode, while the high frequency mode (v,) excited by
the kllc axis was identified as a quasiantiferromagnetic one.
The values of the mode contributions and linewidths are (T
=10K): Au;=0.016+0.003, Aw,=0.015=0.003, Av,,
~2cm L

We assumed above that the magnetic structure is of the
A,F, type. This conclusion is confirmed by the neutron scat-
tering and magnetic study of the LagosSTy 0sMnOs, ¢ where
the magnetic structure remains similar to that of pure
LaMnOs;, however, with increased value of a canting angle.
According to our static measurements of Lagg5Srg osMnO;
the magnetic susceptibilities Xa=X.=(1.3-19)
X 10™% ecm?/g, x,=(5.3+0.5)x 10" %, and spontaneous mo-
ment along the ¢ axis my=18*4 emu/g are in agreement
with the A F., magnetic structure. However, we note a no-
ticeable increase (about four times) of the canting angle and
significant decrease of the anisotropy constant in the cb
plane. The estimated values of the K., are: (0.7£0.2)
X 10% cm’/g from the AFMR data and (0.6+0.2)
X 10 cm?/g from the rotation susceptibility ()).

The dielectric properties of Lag 955t osMnO5 are similar
to LaMnO;, however we note their anisotropy and higher
dielectric losses, in particular, €,~24, €/=0.6-0.7, and €,
~20, €/~0.2-0.3 for v=5-13 cm ! and T=80 K.

Lay ¢Sry ;MnQOj;: Magnetic, dielectric, and transport prop-
erties of this composition suffer significant changes as com-
pared with previous ones. We did not observe magnetic
modes in the range 5—20 cm ™! since the magnetic ordering
at T<T~170K is of the ferromagnetic type and a ferro-
magnetic resonance is expected at much lower frequencies.
However, apparent anomalies were observed in the tempera-
ture dependence of the dielectric permittivity and conductiv-
ity (Fig. 2). A pronounced jumplike behavior for €'(7) and a
maximum for o' (7) between 100 and 120 K indicate the
existence of an additional phase transition besides the mag-
netic transition at 7-. The anomalous behavior of the ac
magnetic susceptibility at T<<T [Fig. 2(c)] confirms this

Ivanov et al.

conclusion. One possible origin of this transition may be
related to a polaron ordering connected with a freezing of
holes on the lattice sites.'’

We note also an anisotropy of the €’ and ¢’ for different
crystallographic directions [Figs. 2(a) and 2(b)]. The dy-
namic conductivity o’(7T) is considerably greater than the
static one, o4 (T) [Fig. 2(b)]. This indicates that not only
free charge carriers contribute to the dynamic o’ but also
contributions from the localized carriers and crystal lattice
are of importance at the submillimeter wavelengths.

Lay g,5579 17sMn0O;: For the high conducting composition
(x=0.175) a considerable decrease of the transmission 7'( v)
for the 0.026 mm plate on lowering the temperature was
observed near the ferromagnetic phase transition at 7.
~285 K, accompanied by a metal-semiconductor transition.
In particular, T decreases from 2 X 107 at 300 K to 10~ at
280 K. The extracted dynamic conductivity o'(v,T) is
slightly smaller than its static value o4 (7) and exhibits a
sharp increase at the phase transition (Fig. 3). The main con-
tribution to o’(w»,T) is Drude-like, practically without fre-
quency dispersion. The real part of the dielectric permittivity
amounts to €' (7=295 K)=37 and shows no frequency dis-
persion.

In conclusion, this study of the submillimeter properties
of the La;_,Sr,MnO; perovskites shows the intimate rela-
tions between their magnetic excitations, charge carriers, and
crystal lattice dynamics and gives insight into the origin of
their unusual magnetic, electronic, and structural properties.
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of the Russian Federation.
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