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tional materials and is commonly described 

as the origin of cutting-edge technology in society, 
while understanding the physics of their properties 
plays a key input role in designing new materials. In 
this year’s activities on physics and materials science, 
we highlight novel studies that provide a picture of 
the variety of materials being investigated in exper-
iments on crystal structure and electronic structure 
using synchrotron radiation at NSRRC. These articles 
discuss the role of order/disorder effects in an Fe-
based superconductor Fe1±xSe, targeted control of 
multiferroic order in BiFeO3 films using an optical 
laser, a plasma-assisted molecular-beam epitaxial 
method for developing spin functionality on doping 
Mn into non-polar III-V GaN, and how potassium in-
tercalation in a transition-metal dichalcogenide leads 
to decreased dimensionality and band quantization 
in 1T-HfTe2. These results present an interesting mix-
ture of basic and applied research studies undertaken 
in material science and condensed-matter physics at 
NSRRC in the past year. (by Ashish Atma Chainani)
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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). 

TPS 45A    Submicron Soft X-ray Spectroscopy
•  X-ray Absorption Spectroscopy, X-ray Linear Dichroism
•  Materials Science, Condensed-matter Physics

Reference
1. Y.-D. Liou, Y.-Y. Chiu, R. T. Hart, C.-Y. Kuo, Y.-L. 

Huang, Y.-C. Wu, R. V. Chopdekar, H.-J. Liu, A. Tana-
ka, C.-T. Chen, C.-F. Chang, L. H. Tjeng, Y. Cao, V. 
Nagarajan, Y.-H. Chu, Y.-C. Chen, J.-C. Yang, Nat. 
Mater. 18, 580 (2019). 

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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could show that the original 3D electronic structure 
in bulk pristine 1T-HfTe2 converts into a quasi 2D 
electronic structure. Intriguingly, while the observed 
valence-band (VB) structure in pristine HfTe2 is well 
reproduced by band calculations for bulk HfTe2, the 
bands in lightly and heavily K-dosed HfTe2 are con-
sistent with calculated bands for trilayer, bilayer and 
monolayer HfTe2, respectively. The results provide di-
rect evidence for dimensionality reduction and band 
quantization driven by K intercalation in 1T-HfTe2.4

Figures 1(a) and 1(b) show a comparison of ex-
perimental band dispersions between the pristine 
(ne = 0.02) and heavily K-deposited (ne = 0.19) HfTe2 
samples. In addition to a doping-induced shift of the 
electron pocket at the M point, the data show anom-
alous changes which cannot be explained within a 
simple rigid-band scheme. For example, in the ne = 
0.02 sample, the authors observed three hole-like 
bands centered at the Γ point. On the other hand, 
only two hole-like bands exist in the ne = 0.19 sample. 
This is confirmed by momentum distribution curves 
(MDCs) in the bottom panels of Figs. 1(a) and 1(b). 
As shown in Figs. 1(a) and 1(b), while a relatively flat 
band at EB ~2.6 eV appears to shift downward upon 
K deposition, a new M-shaped band emerges slightly 
above this band (EB ~2.5 eV) in the ne = 0.19 sample. 
To clarify the origin of the band structure, the authors 
compared the experimental band structure for ne = 
0.19 with the calculated band structure for bulk and 
monolayer HfTe2, respectively, as shown in Figs. 1(c) 
and 1(d). It was found that the calculated band struc-
ture for monolayer HfTe2 shows a good agreement 
with the experimental band structure (except for the 
electron pocket at the M point), while the calculated 
band structure for the bulk shows some disagree-
ments, such as the location of the hole-like bands 
and the absence of the M-shaped band. This result 
showed that the original bulk-like band dispersion is 
“converted” into the monolayer-like band dispersion 
upon K deposition. Such a change to the monolay-
er-like behavior was also confirmed by performing 
photon-energy-dependent ARPES measurements 
that showed a finite energy dispersion along kz in 
the pristine (ne = 0.02) sample (Fig. 1(f)), consistent 
with the band calculations (Fig. 1(e)), in contrast to 
absence of kz dispersion in the ne = 0.19 sample (Fig. 
1(g)). 

To gain insight into the origin of observed dimension-
ality change, the authors investigated the evolution 
of electronic states for different K-deposition times, 
ne. The ARPES data for a series of ne are shown in Figs. 
2(a)–2(d). The results confirmed that the number of 
bands change between ne = 0.02 and 0.19, reflecting 
the dimensionality change. The results also showed 

Fig. 1: (a)−(b) VB-ARPES intensity along the MΓK cut measured 
at hν = 85 eV for ne = 0.02 and 0.19, respectively. Bottom 
panel shows the MDC at EB = 1.3 eV (dashed line in the 
top panel), with k position of bands indicated by arrows. 
Comparison of EDC at the Γ-point between ne = 0.02 
(dashed curve) and 0.19 (solid curve) is also shown in 
(b)−(d). First-principles band-structure calculations for 
bulk (kz = 0) and monolayer, respectively, compared with 
the ARPES intensity for ne = 0.19 (same as (b) but plotted 
with grayscale). Calculated bands were shifted down-
ward by 700 and 925 meV, respectively. (e) Calculated 
band structure along the Γ-A line for bulk HfTe2. (f)−(g) 
Normal-emission ARPES intensity as a function of hν and 
EB for ne = 0.02 and 0.19, respectively. [Reproduced from 
Ref. 4]

that the 2D nature of electronic states is more or 
less established at ne = 0.19 and further K deposition 
simply leads to extra electron doping with a small 
constant shift of the overall band structure to higher 
binding energies. The authors propose a plausible 
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explanation for the observation of monolayer-like band dispersion for ne = 0.19 and 0.25, namely, the K atoms 
get intercalated into the van der Waals gap of HfTe2 layers and cause a dimensionality reduction. Besides the 
monolayer-like feature, the authors also found evidence for a multiple staging from stage two to stage three tak-
ing place at the surface of a single sample which gives rise to the emergence of several quantized bands in the 
lightly K-deposited regime (ne = 0.05).4 This finding is of particular significance since it experimentally demon-
strates that the dimensionality of the electronic states (in other words, staging of the intercalation) at and near 
the surface can be systematically and easily controlled by the simple K-deposition technique. (Reported by Ashish 
Chainani)

This report features the work of Takafumi Sato and his collaborators published in Phys. Rev. Mater. 3, 071001(R) 
(2019).

TLS 21B1    U90 – (CGM)  Angle-resolved UPS
•  Angle-resolved Photoemission Spectroscopy
•  Materials Science, Condensed-matter Physics
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Fig. 1: (a)–(d) Second derivative of VB-ARPES intensity measured at hν = 85 eV for various samples with different K-deposition time, la-
beled by ne. (e) Expanded view of area enclosed by red rectangle in (b). Red dots are experimental band dispersions estimated 
from the peak position of EDCs. (f)–(h) Calculated band structure for bulk, trilayer, and bilayer HfTe2, respectively. The hole-like 
bands at lower EB are not shown for clarity. (i) Schematic view of the evolution of band structure with K intercalation. [Repro-
duced from Ref. 4]
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Create a Dancing Hall for Pairing Superconducting 
Quasiparticles
In BCS-style s-wave superconductors, Cooper pairs are often likened to dancing couples who 
circle each other. Clarifying the effect of extra Fe for paring quasiparticle with high resolution 
powder X-ray diffraction can enable to resolve the origin of superconductivity in Fe-pinictides.

C uprates and Fe-based high Tc superconductors 
turn superconducting when their parent com-

pounds are properly doped. The similarity of these 
superconductors, in which superconductivity emerges 
with the suppression of competing phases, has cre-
ated the possibility for a unified picture of high tem-
perature superconductivity. Iron-based superconduc-
tors have either FeAs or FeSe layers, just as the CuO2 
layers are the crucial ingredients for superconduc-
tivity. It is generally believed that the quasi-2D char-
acteristics of these active layers and the proximity to 

magnetically ordered states induce superconductivity 
via unconventional pairing in these high Tc materials. 
However, the parent compounds of the Fe-pnictide 
superconductors are metallic with spin-density wave 
antiferromagnetic order and with complex underly-
ing electronic structure. This fact, in contrast to the 
Mott insulators in the cuprates, establishes an import-
ant difference between cuprates and pnictides.

Earlier studies of FeSe superconductor considered this 
material to be Se deficient so that the exact super-
conducting stoichiometry was Fe1.01Se. Superconduc-
tivity in FeSe was found to be closely associated with 
a structural transition, which accompanies a strongly 
enhanced spin fluctuation near Tc. More spectro-
scopic studies suggested modification of the d-or-
bital-induced pseudogap might be the cause for the 
structural distortion, which is essential for supercon-
ductivity. Later studies indicate that there exists a par-
ent compound, which in contrast to having excess Fe 
is actually Fe deficient and is a Mott insulator. These 
observed facts might strongly indicate superconduc-
tivity emerges as Fe vacancy becomes disordered.

To understand the origin of Fe vacancy to supercon-
ductivity in Fe-pnictide superconductors, Maw-Kuen 

Fig. 1: Evolution of the temperature-dependent X-ray powder diffraction pattern of (a) K1.9Fe4.2Se5. Refined lattice parameters of 
K1.9Fe4.2Se5 is displayed in (b). The disordered phase shows that the c axis is compressed, and ab plane is expanded. (c) shows the 
schematic of mix structure, which includes both ordered and disordered phases. [Reproduced from Ref. 1]
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Wu (Academia Sinica), Hwo-Shuenn Sheu (NSRRC), 
Jey-Jau Lee (NSRRC) and their teams investigated the 
effect of annealing conditions to superconductivity 
better.1 With high-resolution X-ray diffraction (XRD) 
techniques and in situ high-temperature dependent 
measurements at TPS 09A, TLS 01C2 and TLS 17A1, 
authors investigated a detailed systematic study on a 
series of samples with stoichiometry K2-xFe4+ySe5 with 
varied annealing temperatures. The XRD pattern and 
relevant magnetic susceptibility of three K2-xFe4+xSe5 
samples with x ranging from 0.1 to 0.2 were mea-
sured. With reducing K content, no diamagnetic 
signal was observed in K1.8Fe4.2Se5, so superconductiv-
ity might originate from this extra KzFe2Se2 phase. In 
addition, diamagnetic signal in K1.9Fe4.2Se5 disappears 
for an annealing and quenching process at 650 °C, 
but has high volume superconducting signal. Because 
the X-ray diffraction patterns for both samples are al-
most the same, that implies there are more subtleties 
regarding the correlation between crystal structure 
and superconductivity in this system. 

To solve the puzzle of the effect of possible Fe vacan-
cy, detailed XRD diffraction pattern with temperature 
dependent condition was conducted for the first time 
in excess-Fe K1.9Fe4.2Se5. A transition from the Fe va-
cancy order to disorder state occurred at 275 °C from 
the measured temperature dependent X-ray power 
diffraction pattern. Below the transition temperature, 
the material exhibits clearly the Fe vacancy order of 
I4/m symmetry with √5 × √5 superlattice; and above 
the order temperature, the crystal symmetry seems 
to fit well to I4/mmm symmetry. The data for sam-
ples were found to best fit with two different sets of 
parameters, one with Fe vacancy ordered and the 
other disordered Fe vacancy, under the same I4/m 
symmetry. Based on the above observations, one 
might expect even in the stoichiometry 245 sample 
to observe that Fe atoms occupied the empty 4d site 
if the sample has been treated at high-enough tem-
perature so that Fe atoms could hop around, which 

maintains the crystal lattice (size) and plays a key role 
for the emergence of superconductivity. Based on 
experimental observations, authors can further con-
firm that superconductivity in K2-xFe4+ySe5 is not due to 
the impurity phase K0.5Fe2Se2, but can also attribute to 
the random occupation of Fe atom in the lattice. This 
discovery suggests that a subtler high-temperature 
structural distortion might be closely related to the 
appearance of superconductivity.

In summary, Wu demonstrated a first time detailed 
X-ray diffraction experiment over a wide range of 
temperature, he showed that the superconducting 
K2-xFe4+ySe5 samples with excess Fe atoms exhibit the 
same structure with I4/m symmetry throughout the 
whole temperature range. The experimental result 
reveals that the presence of impurity phase associ-
ated with the I4/mmm symmetry, actually were the 
signatures of the original empty Fe-4d sites occupied 
by the excess Fe atoms. The occupation of the Fe-4d 
site and an eventual more random distribution of the 
Fe atom are critical to the emergence of supercon-
ductivity. The finding provides further evidence that 
the random occupation of the original vacant site is 
the key to superconductivity in Fe-pnictide supercon-
ductors. (Reported by Cheng-Maw Cheng).

This report features the work of Maw-Kuen Wu, Hwo-
Shuenn Sheu, Jey-Jau Lee and their collaborators pub-
lished in Proc. Natl. Acad. Sci. USA 116, 1104 (2019).

TPS 09A  Temporally Coherent X-ray Diffraction
TLS 01C2  SWLS – X-ray Powder Diffraction
TLS 17A1  W200 – X-ray Powder Diffraction
•  High Resolution Powder X-ray Diffraction
•  Materials Science, Condensed-matter Physics
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Incorporating Spin Functionality in Non-Polar Op-
toelectronic Devices
The important role played by Mn valence states in deciding the magnetic properties of 
non-polar nitrides which was lacking in previous reports related to other transition metal or 
rare-earth doped non-polar III-nitrides.

E nabling spin polarized current in compound semiconductors would aid in the development of hybrid de-
vices, where logics, communications, and information storages are synergized on a single device. Diluted 

ferromagnetic semiconductors (DMSs) have been studied for the last 30 years. The applications of such DMSs in 
optoelectronic devices would generate left or right circularly polarized light which is needed for encrypted com-
munication systems. Gallium nitride (GaN) based optoelectronic devices have achieved great success in the last 
decade in solid state lighting, but the next challenge for these semiconductors is to develop a spin light emitting 
diode (LED) or a spin laser. One way suggests that coating with metal oxide nanoparticles could help in creating 
circularly polarized light. Another alternative way is to design ferromagnetic spin filters which could then be in-
corporated into existing LED manufacturing technology. Room temperature ferromagnetism has been observed 
in these semiconductors. This coupled with the strong spin life time could enable the injection of spin polarized 
carriers into III-nitride based spintronics LEDs by designing appropriate spin filters or spin aligners. Also it would 
be advantageous if one could incorporate spin filters or spin aligners into such non-polar LEDs to emit circularly 
polarized light. This would necessitate the development of non-polar diluted magnetic semiconductors.

Typically inducing ferromagnetism in GaN involves doping with transition metal (TM) or rare earth (RE) elements. 
In most cases, manganese (Mn) is the most preferred dopant. However, based on the valence state of Mn in GaN, 
one can get ferromagnetic ordering for Mn+3 or antiferromagnetic ordering for Mn+2. Thus controlling the va-
lence state of Mn is critical. 

To ascertain whether nonpolar nitrides can be transformed into a DMS, Li-Wei Tu (National Sun Yat-sen Univer-
sity) and Cheng-Maw Cheng (NSRRC) studied the physical properties of epitaxial thin films grown by plasma-as-
sisted molecular beam epitaxy (PAMBE), which is a very well established method for the growth of high-quality 
GaN:Mn thin films and nanostructures.1 Holistic approach was taken to understand the structural, chemical, 
magnetic, and transport properties of m-plane GaN:Mn thin films grown on m-plane (100) Al2O3 substrates by 
PAMBE. With high resolution X-ray photoemission spectroscopy (XPS) and X-ray absorption spectroscopy (XAS) 
conducted at TLS 08B1 and TLS 20A1, the authors found that the Mn doping level governed by the growth 
temperature was a key role in creating nonpolar DMS. Two growth temperatures were studied. Samples grown 
at low temperatures (LT) show high Mn content but the Mn is in mixed valence states leading to antiferromag-
netic ordering. A high temperature growth (HT), on the other hand, reduces the Mn doping level but leads to 
homogeneous Mn valence state showing room temperature ferromagnetism. 

To identify the valence of Mn doping, the Mn 2p core levels for both HT and LT samples were studied by XPS. 
In HT samples, only two peaks for Mn 2p3/2 and Mn 2p1/2 were observed at 641.63 and 657.18 eV, suggesting 
that the only valence is Mn+3 in HT samples. In contrast, in the LT samples, four peaks were observed, two peaks 
located at 638.52 and 649.35 eV could be attributed to Mn+0 valence state, while the remaining two located at 
640.95 and 654.05 eV originated from Mn+2 valence state. For further confirmation of Mn valence state, X-ray 
absorption near edge spectra (XANES) were carried out for HT, LT, undoped GaN and standard MnO samples. For 
the Ga L-edge, there is hardly any change in the line shape implying that the Ga has the same crystal structure for 
all the three samples. For the N K-edge, the HT and undoped samples show similar features but LT sample show 
some shoulder peaks as marked by arrows, indicating that the local structure near the nitrogen has changed. 
Author also compared the Mn L-edge in LT and HT samples to a standard MnO sample. As seen in Fig. 1(c), the 
Mn L-edge for LT sample matches the MnO signal indicating that the Mn+2 is present inside the film. This comple-
ments the XPS data indicating that Mn+2 is present through the bulk and the surface of LT and HT samples. How-
ever, the lack of Mn+0 in XANES but the presence in XPS indicates that the surface of LT sample has MnGa alloys 
precipitates. For HT sample, the signal intensity is very low due to the low doping. The peak position is close to 
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Fig. 1: (a)−(c) XANES for the Ga, N, and Mn regions. [Reproduced from Ref. 1]

the standard sample, yet the overall shape is not the same suggesting this peak to be slightly different from Mn+2. 
Comparing the result of magnetization for both HT and LT samples, HT samples from the MBE growth method 
shows that magnetizations in samples are an order of magnitude higher. In LT sample, it has a much wider hys-
teresis. As mentioned the wider hysteresis would indicate a hard ferromagnetic material, but the moment is two 
orders of magnitude lower than that of HT sample suggesting it is from the secondary phase. The origin of this 
small moment could be due to the small uncompensated ferromagnetic phase which is typically present in the 
MnGa alloy, as observed from XPS result.

In summary, Tu et al., demonstrated room temperature ferromagnetism in nonpolar, m-plane manganese doped 
gallium nitride (m-GaN:Mn) epitaxial thin films. These were synthesized using plasma-assisted molecular beam 
epitaxy on nonpolar, m-plane sapphire (Al2O3) substrates. Tu points out that the doping level of Mn plays a key 
role in stabilizing the valence state of Mn ions thereby influencing the magnetic and transport properties. Chem-
ical characterization by XPS and XAS affirms homogeneous valence state Mn+3 in lightly doped samples, while 
higher doping levels cause a heterogeneous Mn+0 and Mn+2 mixed valence states. Magnetic measurements indi-
cate that films with low doping levels show the signature of room temperature ferromagnetism, while films with 
higher doping show antiferromagnetic/spin glass behavior besides the presence of MnGa alloys. The findings 
suggest the possibility of incorporating spin functionality in non-polar optoelectronic devices. The impact of this 
work highlights the important role played by Mn valence states in deciding the magnetic properties of non-po-
lar nitrides which was lacking in previous reports related to other transition metal (TM) or rare-earth (RE) doped 
non-polar III-nitrides. (Reported by Cheng-Maw Cheng).

This report features the work of Li-Wei Tu and his collaborators published in Appl. Surf. Sci. 473, 693 (2019).

TLS 08B1  BM – AGM
TLS 20A1  BM – (H-SGM) XAS
•  X-ray Absorption Spectroscopy 
•  Materials Science, Condensed-matter Physics
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