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Time-resolved spectroscopic study of exotic multiferroic oxides
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We synthesized different exotic oxide thin film and polycrystalline pellets. We observed
electromagnons in CoCr,0, thin film using terahertz time—domain spectroscopy, which is
the first such observation for spinel multiferroic. Raman spectroscopy shows transit
phonon mode on CoCr,0,. Photoinduced effect has been observed in a manganite thin film
using visible pump terahertz probe spectroscopy
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Multiferroic materials are promising for

future  generation of devices and
applications. These oxides show strong
correlations between magnetic and

electrical properties, where a magnetic
field can influence both, the magnetic and
electrical properties and similarly, the
electric field can influence the same.
Also strain can modify the magnetic and
electrical properties. The CoCr,0, is the
first oxide found to show correlated and

spontaneous ferroelectric and
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ferromagnetic transitions due to 1its
conical spin structure. The AB,0,~type
frustrated magnetic ferroelectrics can
have complex spin—structures or magnhons

The electromagnetic waves (THz/light)
when passed through such materials, may
sense the angular/spiral configuration of
the spins. Thus, terahertz spectroscopy is
promising tool to probe this phenomenon

Previously, terahertz techniques were
employed to study high temperature
superconductors and manganese oxides

Thus, terahertz spectroscopy has been
proved promising for studying oxides.
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Exotic oxides like CoCr,0, and LuFe,0, were
planned to synthesize using solid state

reaction method and ©pulsed laser
deposition method. These oxides were
planned to study using Terahertz

spectroscopic techniques. The aim of the
study was to observe the charge dynamics
and explore the ©possibilities of
electromagnon excitations and terahertz
emission from these oxides, besides
studying their basic structural and
magnetic properties.
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For synthesis of polycrystalline and thin
film samples, we wused the following
methods.

1) Solid state reaction method using
furnaces to make pellets of
multiferroic materials

2) Pulsed Laser Deposition method for
making thin films.

The following methods were used to study
the exotic materials

3) Temperature dependent terahertz
time—domain spectroscopy

4) Visible pump and terahertz probe
spectroscopy for photoinduced
effect in a manganite

5) Temperature dependent Raman
spectroscopy to study
polycrystalline CoCr,0, sample

6) SQUID magnetometer for

magnetization measurements
7) AFM microscope for imaging the thin
film surface

4. WHFERCR
1) Electromagnons in CoCr,0, thin film:

The thin film of multiferroic CoCr,0, was
studied by terahertz time—domain
spectroscopy in the temperature range of
10 - 160 K, where consecutive magnetic
phase transitions and ferroelectric
transition manifest in this Heisenberg
ferrimagnet. We have reported the first
observation of electromagnons in spinel
structure and their systematic

temperature dependence. The frequency
dependent complex dielectric constants
fit to multiple Lorentz oscillators. The
frequency— and temperature—dependent
results suggest the
electromagnons with the optical phonons
There are large dielectric anomalies
corresponding to the magnetic transition
temperatures, which indicate strong
magnetodielectric coupling in this thin
film.

The following figure shows the terahertz
spectra with multiple electromagnons at
three typical temperatures
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Fig. 1 (a—c): Deconvolution of the fits of
£, and &, data to the multiple Lorentz
oscillator model at three different
temperatures. The four oscillators are
shown by distinct colors and denotations
Above T,, the P1-P2 and P3-P4 merge as shown
by black lines for 90 K.

2) Raman  spectroscopy of  CoCr,0,

polycrystalline sample:

Temperature dependent Raman spectroscopy
of polycrystalline sample of multiferroic
CoCr,0, shows that there are temperature
dependent transit phonon modes at 500 nm
which appear around magnetic transitions

3) Ultra-fast  photoinduced charge
dynamics in manganite thin film observed
by visible pump and terahertz probe
spectroscopy:

The 800 nm laser pulse, with 150 fs
pulse—width and ~500 u J energy per pulse,

induced picosecond charge—dynamics 1in
Pr, sSr, ;MnO; manganite. As shown in the
figure 2, Pr, sSr, sMnO, film shows
ultra—fast photoinduced dynamics. These
charge dynamics are temperature dependent.
Above and below ferromagnetic transition,



the charge—dynamics show slower and faster
response to the laser irradiation on the
thin film. The change in terahertz field
shows the time—dependent changes in the
charge dynamics at different temperatures
We also found that these dynamics
correspond well with the temperature
dependent magnetization of the thin film.
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Fig. 2: Normalized photoinduced change in
the main THz peak [Diff. E= (Epump-on -
Epump—-off) /Epump-off] vs. time at
different temperatures

4) Cation disorder effect and scaling of
optical conductivity in manganite thin
films:

Fig. 3: Scaling of optical parameters at
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different temperatures. The inset figure
shows deviation from scaling for NCMO
manganite at charge—ordering temperature.
[Ref. K. R. Mavani et al., Appl. Phys. Lett.
93, 231908 (2008). ]

We have explored the low energy charge
dynamics of charge—ordered Nd, ;Ca, ;MnO,
(NCMO)  and Ba—doped Nd, ;Ca, ,Ba, ¢,MnO,
(NCBMO) manganite thin films by recording
the complex optical spectra wusing
terahertz time—domain spectroscopy. The

extracted frequency— and
temperature—dependent optical
conductivity (c,) and dielectric
constant (¢ ,) show distinct features at
the Néel’ s ordering and the

charge—ordering temperatures (Ty and Tg,).
We found that the Ba—doping induced cation
disorder effects on o, and &, are more
pronounced above Ty, but these effects are
subtle in a large temperature region below
Te. Both, ¢ ;and g, increase as a function
of temperature and form a scaling
relationship, ¢ ,co, (Fig. 3).
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