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T he control of mutiferroicity at room tempera-
ture is a very important challenge for realizing 

devices which can be used in everyday applications. 
In a recent multinational study led by Yi-Chun Chen 
and Jan-Chi Yang (National Cheng Kung University), 
their team succeeded to optically control multiferroic 
order in BiFeO3(BFO) thin films.1 As explained in the 
study, the control of ferroelectricity, ferromagnetism 
and ferroelasticity is a non-trivial challenge because 
of the large mismatch in energy scales between the 
different types of order parameters and the incident 
photons which can be used for device applications. 
The authors overcame this difficulty by using laser 
illumination to manipulate the multiferroic order in 
mixed phase BiFeO3 films at room temperature.

The authors used a combination of experimental 
techniques such as optical modulation (Fig. 1), piezo 
force microscopy, Raman spectroscopy, photoemis-
sion electron microscopy (PEEM) as well as phase field 
simulations to show that BiFeO3 films exhibit a laser 
induced flexoelectric effect which allowed a targeted 
formation of specific domains. The authors further 
showed that they could precisely control a sequential 
laser writing and erasure of different domain patterns 

Fig. 1: Optical modulation of the highly strained BFO thin film. 
(a) Experimental set-up of a double-stage green-laser-
based (532 nm) illumination system, in which an attenu-
ation-adjustable neutral density filter (ND filter) is used 
to offer precise control on the laser intensity. (b) Topog-
raphy image of an as-grown mixed-phase BFO thin film. 
(c) The topography image of the same area after light 
illumination shows a clear phase redistribution of T-BFO 
and R-BFO phases. The white square indicates the illumi-
nated area. [Reproduced from Ref. 1]

Fig. 2: Soft X-ray polarization dependent spectra at Fe L2,3-edges. (a) The experimen-
tal geometry where the incidence beam is depicted as a green arrow and the 
yellow arrows for the E of the light. (b)−(e) Experimental and calculated spectra 
for the T-phase (b)−(c) and R-phase (d)−(e) of BiFeO3 thin film. [Reproduced from 
Ref. 1]

Optical Control of Multiferroicity
Successful control of multiferroicity at room temperature using an optical laser.

at room temperature.

An important part of the study 
was to identify the two types of 
structures, namely, tetragonal 
(T-phase BFO) and rhombohedral 
(R-phase BFO) structures in the 
mixed phase BiFeO3 films, which 
could be achieved by careful soft 
X-ray polarization dependent 
X-ray absorption studies for inves-
tigate X-ray linear dichroism (XLD), 
which was carried out at the TPS 
45A.

The authors investigated the dif-
ference in the magnetic properties 
between the T-phase BFO and the 
R-phase BFO thin films at room 
temperature using polarization 
dependent X-ray absorption spec-
troscopy (XAS) at the Fe L2,3-edge. 
The incident light polarization was 
varied from vertical to horizontal 
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polarization using the measured geometry as shown 
in Fig. 2(a), and the experimental results are present-
ed in Figs. 2(b)–2(e). The red lines show the spec-
trum measured with the E vector of the incident light 
perpendicular to c-axis, defined as LV, and the blue 
lines show the spectrum for E parallel to the axis 20° 
away from c-axis (see Fig. 2(a)), defined as LH. The 
linear dichroism spectra, defined as LV–LH, are shown 
as the brown dots in Figs. 2(b)–2(e). The XAS and 
linear dichroism spectra show clear line shape differ-
ences between the T-phase BFO and the R-phase BFO 
thin films.

Furthermore, the experimental spectra were simulat-
ed by configuration interaction cluster calculations. 
The calculated polarization dependent XAS and 
linear dichroism spectra are shown just below the 
experimental spectra in Figs. 2(b)–2(e). In particular, 
the magnetic exchange interaction between two Fe3+ 

ions was taken into account as a fitting parameter 
of Hex (magnetic exchange energy). The authors thus 
showed that for the T-phase BFO the experimental 
XAS spectra and linear dichroism spectrum could be 
nicely reproduced by the calculation with Hex = 0 meV, 
whereas for the R-phase BFO, Hex needs to be as large 
as 25 meV. This result directly indicates that the Néel 
temperature, TN, of the T-phase BFO thin film is much 
lower than that of the R-phase BFO thin film, and is 
close to room temperature. This result corroborates 

that the stronger contrast area in the XLD-PEEM im-
age is from the R-BFO among the mixed phase stripes 
after laser illumination. Thus, the present study could 
demonstrate that the magnetic properties of mixed 
phase BFO thin films can be manipulated by optical 
lasers. The authors conclude by saying that “optical 
control of multiferroicity not only offers an effective 
approach to tailor the ferroic orders in complex ma-
terials, but also a distinct direction towards techno-
logically important applications, such as non-volatile 
random access memories and data storage devices”. 
(Reported by Ashish Chainani)

This report features the work of Yi-Chun Chen, Jan-Chi 
Yang and their colleagues published in Nat. Mater. 18, 
580 (2019). 
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Doping-Induced Dimensionality Reduction and 
Band Quantization
Potassium intercalation in a transition metal dichalcogenide leads to dimensionality reduc-
tion and band quantization in a transition metal dichalcogenide 1T-HfTe2. 

T he reduction of dimensionality of a bulk solid from a 3-dimensional (3D) structure to a quasi 2-dimensional 
(2D) structure is known to lead to exotic physical properties of materials. Well-known examples of the emer-

gence of novel physical properties in quasi 2D systems include massless Dirac fermions in graphene1 and the 
quantum Hall effect in semiconductor heterostructures.2 Sometimes, a 3D-to-2D crossover can lead to very large 
changes in physical properties, as exemplified by a drastic increase in the superconducting transition tempera-
ture in monolayer FeSe,3 which is linked to the modification of its electronic band structure. In general, 2D sys-
tems are very sensitive to external stimuli like strain, charge doping, electric field, etc. and hence the engineering 
of band structure is more feasible in quasi 2D systems.

In this highlight, we discuss a simple and useful approach to control the dimensionality and electronic structure 
on the surface of the transition metal dichalcogenide (TMD) 1T-HfTe2 reported by a Japan-Taiwan collaboration. 
Using angle-resolved photoemission spectroscopy (ARPES) for visualizing the band structure of 1T-HfTe2, the au-
thors first showed that the pristine bulk compound is a typical semimetal with hole and electron pockets at the Γ 
and M points in the Brillouin zone. Very surprisingly, upon potassium intercalation induced doping, the authors 
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