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Spectroscopic and theoretical study on epsilon iron oxide nanomagnets 
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Pb
Superconductivity of Pb ultrathin film on semiconductor substrates

studied by in-situ transport measurements
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[1] T. Zhang, et al., Nature Phys. 6, 104-108 (2010). [2] S. Hatta, et al., Phys. Rev. B 90, 245407 (2014).

[3] S. He, et al., Nature Mat. 12, 605 (2013). [4] S. J. Tang, et al., Phys. Rev. Lett. 107, 066802 (2011).
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Strong-coupling 2D superconductivity
in the low carrier density regime of layered materials 

Tc

HfNCl, ZrNCl

EDLT [1]

Tc HfNCl

Tc = 25 K Tc

2

Tc

[1] W. Shi et al., Sci. Rep. 5, 12534 (2015), [2] Y. Taguchi et al., Phys. Rev. Lett. 97, 107001 (2006),

[3] T. Takano et al., Phys. Rev. Lett. 100, 247005 (2008).

((a) HfNCl, ZrNCl (bb)
[2,3]  
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d Bi2Sr2CaCu2O8+x  
 

Higgs mode in a d-wave superconductor Bi2Sr2CaCu2O8+x excited by an intense 
terahertz pulse

1, 2, JST 3, 4, ETH5, 6,
7, 8
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Rate Limiting Mechanism of Film Flow in Superfluid Helium
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O-

Fabrication of PbBi2Te4-system topological insulators
and their bulk resistivity 

 

Topological Insulator, TI 2005 2007

TI
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TI 30 3~4

TI PbBi2Te4 Bi Sb n p

[1]

Sb Pb(Bi,Sb)2Te4

1 [2] 2 3

Pb(Bi,Sb)2Te4

TI (Bi,Sb)2(Te,Se)3

[1] S.Souma et al., Phys. Rev. Lett. 108,116801(2012).
[2] Y. Hattori et al., Phys. Rev. Materials, 1, 074201(2017).

1 Pb(Bi1-xSbx)2Te4  2 Pb(Bi1-xSbx)2Te4  
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Cd3As2

Quantum transport and topological phase transition 
in Dirac semimetal Cd3As2 thin film

  1 
 2,  3 

1, 1, 1, 2, M. Kriener3, 1, 2, 
3, 2, 1,3 

Cd3As2 3
3

[1]
Cd3As2 3

[2,3] Cd3As2

 

Cd3As2 Zn

2
[4] Zn

34 nm
( 1) Zn

( 2)

[1] Z. Wang et al., Phys. Rev. B 88, 125427 (2013). [2] M. Ninomiya et al., Phys. Lett. 130B, 389-396 (1983).

[3] Z. Wang et al., Phys. Rev. B 85, 195320 (2012). [4] M. Uchida et al. Nat Commun. 8, 2274 (2017).

1. (Cd1-xZnx)3As2 ( t = 34 nm, 
x = 0.12)   

2. (Cd1-xZnx)3As2 (t = 85~100 nm)

Zn  
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Fe-based narrow-gap ferromagnetic semiconductors:

New materials for high-performance spintronic devices  

Ferromagnetic semiconductors (FMSs) with high Curie temperature (TC) are highly desired for the realization 
of semiconductor spintronic devices. So far, however, the mainstream study of FMSs is focused on Mn-doped III-V
FMSs whose TC is much lower than room temperature (RT) (the highest TC in (Ga,Mn)As is only 200 K). 
Furthermore, because Mn atoms supply both spins and holes, the Mn-doped III-V FMSs are all p-type with holes in 
the Mn-related impurity band (IB). Therefore it is challenging to understand the band structure and design 
functional devices. To go beyond the existing Mn-doped III-V FMSs, there have been world-wide efforts to search 
for new high-performance FMSs. These research works, inspired by the prediction of the mean-field Zener model 
[1], were mainly concentrated on wide-gap materials such as oxides and nitrides. However, reliable and systematic 
results have not yet been presented.  

In this study, we present an alternative approach by using Fe instead of Mn as the magnetic dopants in 
narrow-gap III-V semiconductors; InAs, GaSb, and InSb. Unlike Mn, Fe atoms are in the Fe3+ state substituting the 
group-III sites, which supply neither electrons nor holes. These Fe doped III-V semiconductors have two important 
advantages over the Mn-doped counterparts: First, the carrier type (electrons or holes) can be controlled 
independently by co-doping with appropriate nonmagnetic dopants. Second, these carriers, supplied by 
nonmagnetic dopants (not Fe) would reside in the conduction band (CB) or the valence band (VB) of the host 
semiconductors and thus can move faster with higher coherency. Using low-temperature molecular beam epitaxy, 
we have successfully grown both p-type FMS [(Ga,Fe)Sb [2]] and n-type FMSs [(In,Fe)As [3], (In,Fe)Sb [4]]. By 
optimizing the growth conditions, a significant amount of Fe can be doped in III-V semiconductors while 
maintaining the zinc-blende structure [Fig. 1(a), the Fe concentrations x are up to 9% in (In,Fe)As, 25% in 
(Ga,Fe)Sb, and 16% in (In,Fe)Sb)]. The most impressive result is the high TC of these materials: TC increases 
monotonically with x; and there is a tendency that TC is higher in narrower-gap host semiconductors [Fig. 1(b)]. 
Intrinsic room-temperature ferromagnetism has been observed in (Ga1-x,Fex)Sb with x > 23% [2] and (In1-x,Fex)Sb 
with x > 16% [4]. In n-type FMS (In,Fe)As, large s-d exchange interaction energy was estimated [5], and large 
spontaneous spin splitting (30~50 meV at 3.5 K) in the CB was observed, which is the first in all FMSs [6]. These 
results, contradicting the conventional mean-field Zener model, raise new issues in the magnetism of 
semiconductors and indicate that the Fe-doped III-V FMSs are promising for high-performance spintronic devices.

Acknowledgements: This work was partly 
supported by Grants-in-Aid for Scientific 
Research (No. 26249039, No. 17H04922), 
CREST of JST, and the Spintronics Research 
Network of Japan (Spin-RNJ).

1. T. Dielt et al. Science 287, 1019 (2000).
2. N. T. Tu et al., PRB 92, 144403 (2015),

APL 108, 192401 (2016).
3. P. N. Hai, APL 101, 182403 (2012).
4. N. T. Tu et al., arXiv:1706.00735 (2017).
5. L. D. Anh et al., PRB 92, 161201(R) (2015)
6. L. D. Anh et al., Nat. Commun. 7, 13810

(2016).

Fig. 1 (a) HR-(S)TEM images of (Ga,Fe)Sb, (In,Fe)As, and 
(In,Fe)Sb, respectively. (b) TC as a function of the Fe content x
in (In,Fe)Sb, (In,Fe)As, and (Ga,Fe)Sb.
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Magnetic properties of manganese borate glasses 

[1,2]
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Phys. Rev. B 774, 12411 (2006). 
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Tanaka, Phys. Rev. B 880, 134408 (2009). 1. 45MnO·55B2O3
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Study on the defects of calcite crystals in the prismatic layer of 
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High-pressure phase diagram by NMR and magnetization study on
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Clinical application of SQUID magnetometer cooled by liquid helium
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Function analyses of basic residues in the acidic proteins of biominerals
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Evaluation of magnetic beads using magnetic immunostaining
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24



-
pH dependency of iron coordination by TtFbpA, the periplasmic

iron-binding subunit of the ABC-type iron transporter from Thermus 
thermophilus HB8, analyzed by solution NMR  

Introduction 

Iron is one of the vital elements in living organisms and the way of absorbing iron from the environment varies a 

lot. In Gram-negative bacteria, the ATP-binding cassette (ABC) transport system is involved in the iron uptake and 

named ABC transporters. A typical iron-uptake ABC transporter basically consists of three subunits, namely the iron-

binding subunit (FbpA) in the periplasm, the transmembrane subunit (FbpB) in the inner membrane bilayer and the 

nucleotide-binding subunit (FbpC) in the cytoplasm. Subunit B and C are highly conserved among the ABC 

transporters, however, FbpA can be exclusively found in Gram-negative bacteria. In our previous study, we have 

determined the crystal structure of the FbpA subunit from Thermus themophilus HB8 (TtFbpA). This crystal structure 

of TtFbpA at pH 5.2 shows a six-coordinated form of iron binding with three tyrosine residues, one water molecule, 

and two bicarbonates. Another crystal structure of TtFbpA at pH 7.5 was reported, which shows a five-coordinated 

form of iron binding with three tyrosine residues and one carbonate. These two different structures suggest that the 

iron-coordination manner could be influenced by pH conditions. The objectives of this study are to analyze the iron-

coordination manner of TtFbpA at different pH conditions in solution to further understand the mechanism of iron-

uptake in Gram-negative bacteria, which will give rise to a new conception of anti-bacteria drug design.

Methods and Result

TtFbpA was overexpressed in E. coli and purified as reported. The last purification step was performed by the size 

exclusion chromatography under several pH conditions ranging from pH 5.0 to 9.0 in the presence or absence of 

Fe3+ ion. 2D NOESY spectra of TtFbpA with or without Fe3+ at pH 5.0, 6.0, 7.0, 8.0 and 9.0 were measured. The 

cross-peaks of tyrosine side chains were hardly observed in the absence of Fe3+. However, some of these signals 

became observable by the addition of Fe3+, suggesting that these tyrosine signals could be involved in Fe3+ 

coordination. The chemical shifts of these tyrosine signals were pH-dependent. the chemical shifts at pH 5.0 and 6.0 

were prominently different from those at pH 7.0, 8.0 and 9.0. These results explain the different coordination modes 

of Fe3+ in the two crystal structures of TtFbpA at pH 5.2 and 7.5. These pH-dependent Fe3+ coordination modes of 

TtFbpA are probably based on the pH-dependent equilibrium of bicarbonate and carbonate ions. 
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Proton conductivity of cyanido-bridged coordination polymers

[1] 2010 Co[Cr(CN)6]2/3·4.8H2O
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Recent Development in Ultrafast and Continuous Flow Synthesis of 
Crystalline Microporous Materials

Zhendong Liu, Toru Wakihara,* and Tatsuya Okubo*

Department of Chemical System Engineering, The University of Tokyo, 7-3-1 Hongo, 
Bunkyo-Ku, Tokyo 113-8656, Japan

(*Email: wakihara@chemsys.t.u-tokyo.ac.jp and okubo@chemsys.t.u-tokyo.ac.jp)

Crystalline microporous materials such as aluminosilicate zeolites and aluminophosphate-
based microporous crystals have long been used in the fields of catalysis and separation, and 
greatly contributed to modern society.[1] Hydrothermal synthesis of crystalline microporous 
materials, however, typically takes a long period ranging from several hours to even several 
weeks depending on the targeted framework and the chemical composition. Considerable 
efforts have been devoted to shorten the synthesis period. Fast synthesis of crystalline 
microporous materials is still a daunting challenge yet highly demanded.

Figure 1 Ultrafast synthesis of crystalline microporous materials on the order of minutes. a, The tubular reactor. b, The oil 
bath. c, SEM images of the representative crystalline microporous materials synthesized in the tubular reactor (time and 
temperature below the images represent synthesis time and temperature, respectively). d, N2 adsorption-desorption 
isotherms for the the fast-synthesized SSZ-13 and SSZ-13 synthesized using autoclave for several days.[3] 

We recently developed a methodology aimed at ultrafast and continuous flow synthesis of 
crystalline microporous materials.[2,3] A tubular reactor (Figure 1a) made of stainless steel tube 
with diameters of several millimeters was introduced to the synthesis of crystalline 
microporous materials. Because of smaller size and higher surface-to-volume ratio, the tubular 
reactor is able to achieve a fast heating if a preheated oil bath is employed (Figure 1b). This 
feature of the tubular reactor, together with rational design of synthesis precursors as well as 
the use of seeds, enabled us to synthesize a class of crystalline microporous materials on the 
order of several minutes (Figure 1c). Thanks to the ultrashort synthesis period, the continuous 
flow synthesis was also easily established. The products of the new synthesis route possessed 
similar porous and textual properties as characterized by XRD, SEM and N2 adsorption-
desorption (Figure 1d). We also proved that this continuous flow synthesis method can be 
applied to a wide range of industrially important zeolites.
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[2] Liu, Z.; Wakihara, T.; Nishioka, D.; Oshima, K.; Takewaki, T.; Okubo, T. Chem. Commun. 2014, 50, 2526.
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27



-
Diameter dependent superconductivity in individual WS2 nanotubes
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Superconductivity in low dimensional systems based on Transition Metal Dichalcogenides (TMD) materials 

has been attracting significant attention in recent years. Among them, the TMD nanotube is a fascinating platform 

for the research of superconductivity due to its unique dimensionality and geometry [1]. Especially, the novel chiral 

superconducting transport originating from the nanotube chirality has been discovered recently in an individual 

WS2 nanotube via electrochemical doping with ionic gate [2].  

Here we report the diameter dependence of superconductivity in individual WS2 nanotubes. The 

superconductivity is realized by electrochemical doping with ionic gate, in which the diameter of nanotube is

estimated from the periodic oscillating magnetoresistance, known as Little Parks effect [3], while the critical 

temperature of superconductivity is estimated as the half resistance from the temperature dependent resistance 

during the superconducting transition. As a result, the critical temperature displays a systematic relation as a 

function of the diameter. The present results might offer the crucial information to understand the microscopic 

mechanism of superconductivity in individual nanotube. 

Figure 1. (a) Schematic figure of WS2 nanotube with ionic liquid gate. (b) The temperature dependent resistance 

and superconducting transition with TC of 5.8 K. (c) The critical temperature as a function of the diameter. 

[1] R. Tenne et al., Nature 360, 444-460 (1992).
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4-HIL

Structure-guided optimization of stereoselectivity of 4-HIL synthase
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Effect of Surface Coating onto a Semiconductor Photoelectrode
for Solar Hydrogen Production
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Spin metal-oxide-semiconductor field-effect-transistors (spin MOSFETs), whose source and 
drain are composed of ferromagnetic materials, are promising candidates for post-scaling era [1]. In 
the previous studies of spin MOSFETs, however, the magnetoresistance (MR) ratios reported so far 
were less than 1% [2, 3]. To improve the MR ratio for practical applications, it is necessary to use
ferromagnets that are compatible with semiconductors for the suppression of spin scattering at the 
interfaces. The ferromagnetic semiconductor GaMnAs is one of the ideal model materials. We can 
obtain an atomically abrupt interface between GaMnAs and GaAs. In fact, we have recently obtained 
a high MR ratio up to 60% in a GaMnAs-based vertical spin MOSFET [4]. However, in our previous 
study of the vertical spin-MOSFET, the gate modulation of the drain current ID was small (± 0.5%)
[4]. In this study, we fabricate GaMnAs-based lateral spin MOSFET structures, which are suitable 
for efficient gate modulation, and investigate the spin-dependent transport properties of these devic-
es. We show a large MR ratio up to ~10% and successful gate modulation of ID of ~10%.

We fabricated a GaMnAs-based lateral spin-valve device whose channel length d is 200 nm
shown in Fig. 1 (a). We measured the MR characteristics of this device with a magnetic field applied 
in the plane along the [110] axis [Fig. 1 (b)]. We obtained a high MR ratio (~ 10%). The MR ratio 
remained positive for all in-plane magnetic field directions, which confirms that this signal does not 
originate from tunnel anisotropic magnetoresistance (TAMR) but from the spin-valve effect. Fur-
thermore, we fabricated a lateral spin MOSFET structure with d = 100 nm shown in Fig. 2 (a), and 
successfully modulated ID by applying the gate voltage VGS [Figs. 2 (b)-(d)].

This work was partly supported by Grants-in-Aid for Scientific Research including Specially 
Promoted Research, Project for Developing Innovation Systems of MEXT, and Spintronics Research 
Network of Japan (Spin-RNJ).
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[3] T. Tahara et al., Appl. Phys. Express 8, 113004 (2015).
[4] T. Kanaki, H. Asahara, S. Ohya, and M. Tanaka, Appl. Phys. Lett. 107, 242401 (2015).

Fig. 1 (a) Schematic sample structure of the
GaMnAs-based lateral spin-valve device
with the channel length d. (b) Magnetic field 
dependence of the MR ratio measured at 3.5 
K with a source-drain voltage of 100 mV and 
with a magnetic field applied in the plane 
along the [110] direction when d is 200 nm.

Fig. 2 (a) Schematic sample structure of the
GaMnAs-based spin MOSFET. (b), (c), (d)
VGS dependence of ID with the drain voltage 
VDS of (b) 350 mV, (c) 300 mV, and (d) 250 
mV at 3.5 K when d is 100 nm.
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Orbital magnetic moment anisotropy in heavy metal-Co 
heterointerfaces studied by x-ray magnetic circular dichroism

Dzyaloshinskii-Moriya interaction (DMI) [1,2] is considered to play an essential role in stabilizing 

Néel-type domain walls (DW) in 5d heavy metal (HM)/ferromagnet (FM) heterostructures. Such Néel-

type DWs could be moved by electric currents due to the existence of spin-orbit torque. This 

phenomenon makes HM/FM heterostructures  a promising candidate for future electrical-control of 

magnetic memory devices. However, the origin of DMI at the HM/FM interfaces is still unclear, 

making it a great obstacle to design practical devices. In experiment, it has been found that the strength 

and direction of DMI at the HM/FM heterointerfaces can be modulated by the HM underlayer [3,4]. 

Meanwhile, theoretically the orbital magnetic moment anisotropy (OMA) of HM and FM at the 

HM/FM heterostructures will also be changed by HM underlayers, which has similar HM-element 

dependence to DMI [5]. It suggests that there should be correlation between DMI and OMA at the 

HM/FM heterointerfaces.

In this study, the OMA of Co and HM at the HM/Co heterostructures were studied by x-ray magnetic 

circular dichroism (XMCD) based on synchrotron 

radiation. It has been found that the OMA of Co in the 

HM/Co/HM heterostructures shows HM-element 

dependence which is similar to that of the strength of 

DMI (Fig. 1). The XMCD spectra at the Pt L edge of 

Pt/Co/MgO heterostructures were observed, supporting 

the fact that the magnetism of Pt can be induced by Co 

due to proximity effect. However, negligible OMA of Pt 

was observed in the results.

Reference

[1] I. E. Dzyaloshinskii, JETP 5 (6), 1259 (1957). [2] T. Moriya, Phys. Rev. 120, 91 (1960).

[3] C. Chen et al., Nat. Commun. 4, 2671 (2013). [4] J. Torrejon et al., Nat. Commun. 5, 4655 (2014).
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Fig. 1 HM element-dependent orbital 

magnetic moment of in HM/Co/HM.
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Control of Electrical Conduction at PZT/Nb-SrTiO3 Interface through 
Ionic-Liquid Gating
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Design and synthesis of chiral Ln(III)-W(V) molecular magnets

The synthesis and design of new enantiopure chiral magnets is one of the major challenge in researches on the 

multifunctional molecule–based magnetic materials [1]. Interplay between magnetic properties and chirality 

enables us to observe unique magneto–optical cross–effects such as: magnetic circular dichroism

[3], magneto–chiral dichroism [4] and magnetization–induced second harmonic generation (SHG) [2]. In last few 

years our group has made significant progresses in this scientific field and reported a unique 

effect of photoswitching of SHG polarization plane in the FeII–[NbIV(CN)8]4- chiral photomagnets [5]

and a novel SHG–active family of LnIII–[MoI(CN)5(NO)]3- molecule–based magnets [6].

In this work, we report 11

isostructural cyanido–bridged 

LnIII–[WV(CN)8] (Ln = Ce, 1; Pr,

2; Nd, 3; Sm, 4; Eu, 5; Gd, 6; Tb, 

7; Dy, 8; Ho, 9; Er, 10; Tm, 11)

zigzag chains crystallizing in the 

non–centrosymmetric space group 

C2 (Fig. 1). All coordination 

polymers adopt two mirror–image 

forms due to the presence of 

specific spatial organization of ligands around Ln(III) centres. The enantiopure character of assemblies has been 

confirmed by natural circular dichroism measurements. Furthermore, these materials reveal non–linear optical 

effect of second harmonic generation (SHG). Magnetic studies revealed that all assemblies exhibit the depopulation 

of the MJ sublevels of Ln3+ ions due to the splitting of the ground term by the ligand field, weak antiferromagnetic

interactions through LnIII–NC–WV linkages and weak ferromagnetic interaction between spin chains below 6 K for

1, 3, 4, 6, 8 and 9. It is worth to notice that dynamic magnetic susceptibility measurements performed with 

application of an external magnetic field reveal occurrence of frequency dependent signals for 8, 10 and 11.

[1] C. Train, M. Gruselle and M. Verdaguer, Chem. Soc. Rev., 2011, 40, 3297; [2] T. Nuida, T. Matsuda, H. Tokoro,

S. Sakurai, K. Hashimoto, S. Ohkoshi, J. Am. Chem. Soc., 2005, 127, 11604; [3] S. Chorazy, R. Podgajny, W.

Nitek, T. Fic, E. Görlich, M. Rams, B. Sieklucka, Chem. Commun., 2013, 49, 6731; [4] C. Train, R. Gheorghe, V. 

Krstic, L. M. Chamoreau, N. S. Ovanesyan, G. Rikken, M. Gruselle and M. Verdaguer, Nature Materials, 2008, 7, 

729; [5] S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai and H. Tokoro, Nature Photonics, 2014, 8, 65;

[6] M. Komine, S. Chorazy, K. Imoto, K. Nakabayashi and S. Ohkoshi, Cryst. Eng. Comm., 2017, 19, 18.

Fig. 1. Zigzag chain structures for both chiral forms of 11 – 111 and 
χMT (T ) plots measured in Hdc = 1 kOe.
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Conducting hetero-interface between insulating transition-metal 
dichalcogenides
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A design of Helium 3 melting curve thermometer 
that operates at ultra-low temperature
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Development of microwave SQUID multiplexer for
gamma-ray transition-edge sensor array
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Terahertz wave absorption of Co-W cyanido-bridged 
metal assemblies
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Observation of light-dressed states under resonant 
excitation of excitons in GaAs 

Δt

 

2

1

0

O
pt

ic
al

 D
en

si
ty

1.521.51
Photon Energy (eV)

41



-
p

Quantum size effect in a Fe quantum well detected by resonant tunneling carriers
injected from a p-type Ge semiconductor electrode 

Double-barrier magnetic tunnel junctions (DBMTJs) with a ferromagnetic quantum well (QW) 
are promising for future quantum spintronics devices. The quantized energy levels in ferromagnetic 
QWs are half metallic and thus are expected to increase tunnel magnetoresistance (TMR) [1]. In 
DBMTJs, the TMR ratio can be modulated by a bias voltage, which will bring new functionalities to 
spintronic devices. Until now, in the studies on the double-barrier metal-based MTJs, metal layers have 
been used for carrier injection [2 – 6]. However, neither negative differential resistance nor TMR 
enhancement has been reported for DBMTJs. Here, we use a semiconductor (SC) electrode to inject 
carriers to Fe QWs. SCs have a small Fermi surface and the carriers have small in-plane wave vectors 
compared to metals. Thus, each subband in the Fe QW will be detected separately when injecting 
carriers from SCs, which will enhance resonant tunneling and improve the spin-polarization of the 
tunneling current in the Fe QWs.

In this study, we grew DBMTJs composed of Co (20 nm)/ Fe (20 nm)/ MgO (3 nm)/ Fe QW (d
nm)/ MgO (2 nm)/ Ge:B (85 nm) on a p+-Ge(001) substrate using molecular beam epitaxy. The 
thickness d of the Fe QW layer is varied from 5.6 to 
7.0 nm, and the boron doping concentration in Ge:B 
is 4×1019 cm-3. The TMR ratio was 137 % at 297 K 
and 237 % at 3.5 K with d = 6.4 nm at a bias voltage 
V = -10 mV, where holes were injected from the Ge:B 
layer to the DBMTJ. Figure 1 shows the 
and curves of the DBMTJs with 
various d. We observed oscillations in the curves. One 
can see that dips or peaks are continuously shifted 
with d (see the same color arrows, which are assigned 
to the same resonant level). Using the phase 
accumulation model, the dip positions are well 
reproduced by the resonant levels in the Fe QW 
detected by holes in the Ge:B layer. We have 
successfully observed the quantum size effect using 
holes injected from the p+-Ge layer into the Fe QWs 
for the first time [7]. This work was partly supported 
by Giants-in-Aid for Scientific Research and 
Spintronics Research Network of Japan. 
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Fig. 1 and curves 
of DBMTJs with various d. The oscillations are 
observed both at positive and negative bias 
voltages.
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Non-local transport in bilayer graphene under magnetic field
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θ-(ET)2I3

Electrical transport properties of θ-(ET)2I3 under uniaxial 
strain

θ-(ET)2X

[1,2]

,

θ-(ET)2X

θ-(ET)2X ET ET θ-

ET 2 1

θ

θ-(ET)2I3

θ-(ET)2I3

α

[1] F.Kagawa, T.Sato, K.Miyagawa, K.Kanoda, et al, Nat. Phys. 9, 2642 (2013)
[2] T.Sato, F.Kagawa, K.Miyagawa, K.Kanoda, et al, Phys. Rev. B 89, 121102(R) (2014)

θ-(ET)2I3

45



-
3
NMR

Design and construction of NMR cell for investigation of 
novel spin liquid state in monolayer helium-3
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NbSe2

Superconductivity in NbSe2 epitaxial thin films
grown by molecular-beam epitaxy.

 

Transition Metal Dichalcogenides, TMDs
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Observation of magnetization-induced second harmonic generation in 
a noncentrosymmetric cyanido-bridged metal assembly
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Co

Magneto-transport properties and charge transfer effect in 
ferromagnetic Co oxide thin films

[1]

Ir [2] SrRuO3

[3]

Co

SrIrO3

2 K

Fig.1

SrRuO3

SrIrO3

[1] F. Hellman et al. Rev. Mod. Phys. 89, 025006 (2017).

[2] J. Matsuno et al., Sci. Adv. 2, e1600304 (2016).

[3] Y. Ohuchi et al. Nat. Commun. 9:213 (2018).

Fig. 1: Magnetic-field 
dependence of Hall resistivity in 
SrCoO3 at various temperatures. 
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Transport and magnetic properties of n-type ferromagnetic semiconductor (In,Fe)As

co-doped with Mn ; (In,Fe,Mn)As
Taiki Hayakawa1, Le Duc Anh1,2, Kohei Okamoto1, and Masaaki Tanaka1,3

1Department of Electrical Engineering and Information Systems, The University of Tokyo
2Institute of Engineering Innovation, The University of Tokyo

3Center for Spintronics Research Network (CSRN), The University of Tokyo
○(M2)  1 Le Duc Anh1,2, (M2)  1,  1,3

1 2 3CSRN

E-mail: hayakawa@cryst.t.u-tokyo.ac.jp

Recently, we have successfully grown the first n-type carrier-induced - ferromagnetic
semiconductor (In,Fe)As1. It is shown that its magnetic properties can be controlled by strain2,3 , quantum
confinement3,4 , and wavefunction engineering3,4. In this study, in order to control both the carrier
characteristics and magnetic properties of (In,Fe)As, we grew n-type ferromagnetic semiconductor 
(In,Fe)As thin films co-doped with Mn, (In,Fe,Mnx)As 

We grew, from the top to the bottom, InAs/(In,Fe,Mnx)As (10 nm, 236 )/ In0.8Al0.2As (250 nm, 550 )/
GaAs (100nm, 550 ) thin films by low-temperature molecular beam epitaxy (LT-MBE) on semi-insulating 
GaAs (001) substrates. While the Fe concentration is fixed at 6%, the Mn concentration x is varied; x = 0.4, 
0.8, 2, 4 and 8%. Fig.1 (a) shows RHEED patterns after the MBE growth of 10 nm-thick (In,Fe0.06,Mnx)As
films, indicating zinc-blende crystals. We measured the transport and magnetic properties by Hall and 
MCD measurements. All the (In,Fe0.06,Mnx)As films are found to be n-type. As shown in Fig.1 (b), when x
is increased from 0.4% to 8%, the electron concentration n is decreased from 1 1018 to 31017 cm-3 and the
Curie temperature ܶ is also decreased from 16 to 0 K (paramagnetic) . These results are reasonable
because Mn atoms substitute for the In sites and supply holes, which compensate the electron carriers. As 
shown in Fig.1 (c), ܶ increases from 0 to 16 K as n increases from 3 1017 to 1 1018 cm-3, confirming the
electron-induced ferromagnetism of (In,Fe)As. The threshold n value for inducing ferromagnetism in 
(In,Fe,Mn)As is ~8 1017 cm-3 (at x = 2%), which is one order of magnitude lower than that (6 1018 cm-3)
of the previous report1 for (In,Fe0.05)As without Mn. This is advantageous for modulating the magnetic
properties in a very wide range of electron concentration. 

This work is partly supported by Grants-in-Aid for Scientific Research, and Spintronics Research 
Network of Japan (Spin-RNJ). 

References
P. N. Hai, et al., Appl. Phys. Lett. 101, 182403 (2012); M. Tanaka, S. Ohya and P. N. Hai, Appl. Phys. Rev. 1,
011102 (2014)
D. Sasaki, et al., Appl. Phys. Lett. 104, 142406 (2014).
L. D. Anh, et al., Appl. Phys. Lett. 104, 042404 (2014)
L. D. Anh, et al., Phys. Rev. B 92, 161201 (2015). 

Fig.1 (a) RHEED patterns after the MBE growth of 10 nm-thick (In,Fe0.06Mnx)As films. (b) Electron 
concetration and Curie temperature vs. Mn concentration. Red square is Curie temperature and deep blue 
square is electron concentration. (c) Curie temperature vs. electron concentration.

(a) (b) (c)
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Emission Color Modulation and Slow Magnetic Relaxation in the

Series of Trimetallic Complexes

composed of [CoIII(CN)6]3- and [EuIII(μ-NC)2(3-

OHpy)2(H2O)4]+ in alternate fashion (Figure 1). The 

emission colors of these complexes can be tuned by the 

composition ratio of Eu/Tb and excitation wavelengths. 

(Figure 1). The luminescence color varies from red to green 

via orange and yellow as indicated in the adjacent figure. 

   Furthermore, the magnetic properties of all the 

complexes was also found to be excellent as it shows 

temperature-dependent paramagnetic behavior mainly due 

to lanthanide ions. The presence of anisotropic TbIII ions in 

the complexes B-H helps them to behave as a single 

molecular magnet. The magnetically diluted complex B 

(Figure 1) shows slow field-induced slow magnetic 

relaxation process with an energy barrier of ΔE/kB of 

35.8(6) K and τ0 = 1.1(2) X 10-8 s at Hdc = 1500 dc Oe, 

showing single-molecule magnet behavior.  It shows 
thermal dependent single relaxation process with 
one maxima as shown in figure 1.

1) S. Ohkoshi, S. Takano, K. Imoto, M. Yoshikiyo, A. Namai, and H. Tokoro, Nature Photonics 2014, 8, 65-71. 2) S. Chorazy, K. Kumar,

K. Nakabyashi, B. Sieklucka and S. Ohkoshi Inorg. Chem.,2017, 56, 5239-5252.

Figure 1. The representative fragment of 
cyanide bridged chain of all compounds, 
emission color of compounds AA-H and the 
frequency dependence of out of plane 
component (χM”) of ac magnetic susceptibility 
for compound BB.

  Inorganic complexes, especially with lanthanide, have diverse applications as tunable laser systems, light-

emitting devices, amplifiers for optical communication, low-energy scintillators, optical storage materials, devices 

for light conversion, chemical sensors, molecular thermometers, photovoltaic light concentrators, and bioimaging 

tool [2]. Octacyanides and hexacyanides of d-transition metals (NbIV, CoIII etc.) along with organic ligands were used 

to synthesize many multifunctional materials showing novel properties, such as - switching of polarization of light 

[1]. In pursuit of multifunctional materials, series of cyano-bridged trimetallic complexes {[EuIIIxTbIII1-x(3-

OHpy)2(H2O)4][CoIII(CN)6]}.H2O (x = 1, 0.8, 0.5, 0.4, 0.3, 0.2, 0.1, 0; compounds A, B, C, D, E, F, G, H ) have been 

synthesized [2]. In order to know the structure of complexes, single crystal diffraction analyses were performed which 

confirmed that all the compounds are arranged in the Zig-Zag 1-D coordination chains parallel to [101] axis, and 
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Measurements of thermoelectric effects  

in the quasi-2D organic conductor κ-(BEDT-TTF)۶.ૡૢ۰ܚૡ

κ-(BEDT-TTF)۶.ૡૢ۰ܚૡ 2

κ-(BEDT-TTF)۶.ૡૢ۰ܚૡ
11%

κ-(BEDT-TTF)۶.ૡૢ۰ܚૡ
κ-(BEDT-TTF)۶.ૡૢ۰ܚૡ

[1]

- 1

[3,4]

(

)

[1]H. Oike, et al., Nat. Commun. 8, 756 (2017).

[2]H. Oike, Doctoral Thesis (2013).
[3]H. Oike et al., Phys. Rev. Lett. 114, 067002 (2015).

[4]Y. Suzuki, Master Thesis (2017).

1. κ-(BEDT-TTF)۶.ૡૢ۰ܚૡ

2. κ-(BEDT-TTF)۶.ૡૢ۰ܚૡ
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3

Development of Equipment to Observe Angle Dependence of Quantum 
Andreev Reflection in Superfluid Helium Three

3 L = 1 S = 1 p
1S A B

3 - B
[1]

 
3 - B

[2]

(
)

(QTF)

 
1 QTF

QTF

[1] Y. Nagato, M. Yamamoto, and K. Nagai: J. Low Temp. Phys. 110, 1135(1998).

[2] T. Okuda, H. Ikegami, H. Akimoto, and H. Ishimoto, Phys. Rev. Lett. 80, 2857(1998).

QTF  
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Transport properties of transition-metal dichalcogenide thin films

ADept. of Appl. Phys., Univ. of Tokyo, BRIKEN CEMS
Y. WangA, M. NakanoA, Y. KashiwabaraA, M. OngaA, M. YoshidaA, and Y. IwasaA,B

Emerging properties of 2D materials have attracted considerable attention since the discovery of graphene from 

both fundamental and applied viewpoints. To date, most of the researches have been performed on mechanically-

exfoliated nano-thick crystals from top-down approach, while bottom-up approach by thin film growth and 

heterostructure fabrication technique has been of growing significance to further exploration of physical properties 

and practical device applications. We have been developing a fundamental route to well-controlled growth of high-

quality transition-metal dichalcogenides (TMDCs) thin films, and recently succeeded in growing various 

TMDCs materials with properties ranging from semiconducting to metallic. We are going to show our growth 

details with transport data of successful sample, WSe2 and TiSe2, which exhibited single crystalline confirmed by 

X-ray diffraction(XRD). The obtained WSe2 epitaxial thin films exhibited ambipolar transistor operation upon 

electrolyte gating with clear Hall signals for hole-accumulation regime with the maximum mobility of about 3 

cm2/Vs at T = 150 K[1], which was in the highest level reported for the first-generation MoS2 thin films grown by 

chemical-vapor deposition. Obtained 10-monolayer-thick TiSe2 epitaxial thin films exhibited clear CDW transition 

at around T = 200 K with the sign change in the Hall coefficient, which is consistent to the behavior reported for 

bulk TiSe2.

[1] M. Nakano, Y. Wang, Y. Kashiwabara, H. Matsuoka, and Y. Iwasa. Nano Letters, 17, 5595-5599 (2017)

Fig 1. (a) XRD pattern of 1T-TiSe2 and 2H-WSe2. Insert is atomic structure of each polytype (top view). 

(b) ambipolar operation of EDLT device on WSe2 (top) and sheet resistance (bottom). (c) Transport
properties of TiSe2 with different selenium level. Upper is R-T curve and lower is Hall coefficient.

(a) (b) (c)
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Cyanido-bridged bimetallic frameworks have gained immense scientific attention due to its synergetic effects 

between magnetism and optics, such as magnetization-induced second harmonic generation, magneto-chiral 

dichroism, and photo-induced spin-crossover.1 To enrich this field by combining the single molecule magnet (SMM) 

behavior and photoluminescence, we report three cyanido-bridged d-f bimetallic materials of two types of 

structures: 

(i) the layered coordination network, {[DyIII(4-pyridinol)2(H2O)2][CoIII(CN)6]}·0.5H2O (1),2 and (ii) the dinuclear

molecule materials, {[DyIII(4-pyridone)4(H2O)2][MIII(CN)6]}·2H2O (M = Co, 2a; Rh, 2b).3

Magnetic studies revealed the field-induced SMM 

behavior in 1 with two relaxation processes, and the 

effective energy barrier for faster process is 15.8(5) K. 

On the contrary, single slow magnetic relaxation 

process under zero dc field was revealed in 2a and 2b, 

with significantly enhanced effective energy barriers of 

187(6) K, and 214(4) K respectively.  

By varying the UV excitation wavelengths, all 

compounds exhibit the color-tunable emissions from 

yellow to greenish blue, due to the changing of the 

emission ratio of the components from DyIII and organic 

ligand. Additionally, exciting 2b by 348 nm could 

achieve the intriguing white light emission at room 

temperature. 

The effects of the structural change and the 

transition metal substitution on photoluminescence and 

SMM behavior will be discussed. 

[1] H. Tokoro, S. Ohkoshi, Dalton Trans. 40, 6825 (2011). [2] S. Chorazy, J. Wang, S. Ohkoshi, Chem.Commun.

52, 10795 (2016). [3] J. Wang, S. Chorazy, K. Nakabayashi, B. Sieklucka, S. Ohkoshi, J. Mater. Chem. C, DOI:

10.1039/c7tc03963h

Figure 1. crystal structures of the layered polymer 
11 (a) and the dinuclear molecules 2a/2b (b), the 
dynamic magnetic properties of 22b (c), and 
photoluminescence properties of 22b (d) 
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SrTiO3 EuTiO3

Fabrication and magnetotransport properties of EuTiO3 films on
SrTiO3 substrate 

 EuTiO3 Eu2+  7μB

5.5 K Eu La

LSAT (001) 

La EuTiO3

 [1, 2]

EuTiO3 SrTiO3 

 (MOMBE) 

 (TTIP: 

Ti(OC3H7)4) MOMBE SrTiO3 (001) 

EuTiO3 EuTiO3

SrTiO3 SrTiO3

EuTiO3

EuTiO3

SrTiO3

 (Fig1. (a)) 2 K 3,000 cm2/Vs  

(Fig1. (b)) EuTiO3

 (Fig1. (c))

K. S. Takahashi et al. PRL 103, 057204 (2009).

K. S. Takahashi et al. submitted. 

Figure1 (a) Schematic of the hetero-

structure composed of SrTiO3 and La 

doped EuTiO3 layers. (b) Mobility at 

2 K as a function of sheet carrier 

density for various films. (c) SdH 

oscillations observed in hetero-

structure of EuTiO3 at various 

temperatures.   

59



-
Co-Si

Clusterglass Behaviors and Spinwave Excitation in 
Co-Si substituted Rare-earth Iron Garnet 

LuFe5-2xCoxSixO12 LFCS
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0.5) Tg K
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Tstop = 180 K Mmem Mmem

Tstop Mmem Mref

dMmem/dT Tstop = 180, 150, 120 K

10 nm Pt

x LFCS(x = 0.1) Tg K

( H)

(Tg) 90 K

S B

( )

A.

[1] M. Adachi et al. Appl. Phys. Express, 8 043002 (2015)

[2] Y. Sun, M. B. Salamon, Phys. Rev. Lett. 91 167206 (2003)
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Superconducting Higgs mode in a thin film of s-wave superconductor NbN

observed by linear THz spectroscopy with supercurrent injection
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Magnetotransport in a ferromagnetic (In,Fe)As / (In,Mn)As pn junction
Kohei Okamoto, Le Duc Anh, and Masaaki Tanaka

Department of Electrical Engineering and Information Systems, The University of Tokyo
Ferromagnetic pn junctions composed of p- and n-type ferromagnetic semiconductors (FMSs) can be 

one of the building blocks of future spintronic devices such as spin MOSFET [1]. However, although 
p-type FMSs are widely studied, the lacking of n-type FMSs was the main obstacle for making 
ferromagnetic pn junctions. Recently, (In,Fe)As is attracting a lot of attentions as the first n-type III-V FMS 
[2,3], and by combining with p-type FMS (In,Mn)As, it enables us to realize a nearly lattice-matched 
ferromagnetic pn junction. In this study, we investigate the epitaxial growth and magneto-transport 
properties of ferromagnetic pn junctions composed of (In,Fe)As and (In,Mn)As.

We grew (In0.96,Fe0.04)As (20 nm) / InAs (9 nm) / (In0.95,Mn0.05)As (20 nm) / InAs:Be (300 nm, Be 
concentration: 4×1018 cm-3) structure on a p+-InAs substrate by molecular beam epitaxy (MBE). In situ
reflection high energy electron diffraction (RHEED) patterns during the growth showed bright and streaky
zinc-blende patterns, indicating a good 2-dimensional growth mode. The sample was treated with 
ammonium sulfide in order to remove the surface native oxide. Afterwards, electrical contact with a 
diameter of 80 μm was formed on the top of the sample by using indium and gold wire.

In the transport measurement, the bias voltage polarity is defined as shown in Fig. 1 (a). Figure 1 
(b)-(d) shows schematic band profiles and transport mechanisms of the pn junction under various bias 
voltages V: (b) At negative V, electrons tunnel from the valence band (VB) and the impurity band (IB) of 
(In,Mn)As to the conduction band (CB) of (In,Fe)As and the conductance increases; (c) at small positive V,
tunneling current from the VB of (In,Mn)As should be suppressed by the bandgap, and that from the IB of 
(In,Mn)As dominates; (d) at large positive V, diffusive current flows between the CBs and VBs of both p 
and n sides. Figure 2 shows the V dependence of the differential conductance (dI/dV) measured at room 
temperature (red) and 4 K (blue), in which all the regions (b), (c), (d) were observed. In the region (c), there 
is a broad peak of dI/dV, which can be attributed to the tunneling related to the IB of (In,Mn)As because 
such a peak was not seen in the structure of (In,Fe)As / non-magnetic p+-InAs in our previous work [3].
Figure 3 shows magnetoresistance (MR) curves measured at 4 K under different V corresponding to the 
region (b), (c), and (d) in Fig. 1. Magnetic field direction was in-plane [-110]. MRs in three regions show 
different signs and shapes, corresponding to different transport mechanisms. In the presentation, the origin
of MR and the dI/dV - V curves will be discussed in detail.
Acknowledgements This work was partly supported by Grants-in-Aid for Scientific Research (No. 
26249039, No. 17H04922), CREST of JST, the Murata Science Foundation, and the Spintronics Research 
Network of Japan (Spin-RNJ).

References
[1] S. Sugahara et al., J. Appl. Phys. 97 10D503 (2005).
[2] P. N. Hai et al. Appl. Phys. Lett. 101 182403 (2012).
[3] L. D. Anh et al. Nat. Commun. 7, 13810 (2016).

Fig. 1 (a) The schematic of 
transport measurement. (b)-(d) 
schematic band profiles under 
different bias voltages.

Fig. 2  dI/dV at room 
temperature (RT) and 4 K. 
(b)-(d) represent the bias voltage 
regions shown in fig. 1.

Fig. 3 MR curves at 4 K with 
H // [-110] under different bias 
voltages. (b)-(d) represent the 
bias voltage regions shown in 
fig. 1.
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Higgs spectroscopy in a d-wave superconductor

When a spontaneous breaking of a continuous symmetry occurs, two types of 

collective excitations of the order parameter emerge. In a superconductor the 

phase modes, or Goldstone modes, couple to light through the  Anderson-Higgs 

mecanism responsible for the Meissner effect. On contrary the amplitude mode, 

also called Higgs mode because of its analogy with the Higgs boson of particle 

physics, does not couple directly to light and its observation has remained elusive 

until very recently.

In this context, the detection of a Higgs mode in the conventional s-wave 

superconductor NbN using non-linear THz spectroscopy [1], and the recent 

confirmation of a Higgs mode observation using Raman spectroscopy in the 

charge density wave superconductors 2H-NbSe2 [2], have opened new 

perspectives on the coupling to the Higgs mode and its study. The Higgs 

spectroscopy using non-linear THz techniques is now well established in 

conventional superconductors and has paved the way for the study of more 

complicated systems such as multi-band or d-wave superconductors [3]. 

In this study we investigate the Higgs spectroscopy of the d-wave electron doped 

cuprate superconductor Pr2-xCexCuO. Using strong monocycle and multicycle 

THz pump pulses, we have successfully observed transient oscillations 

associated to the Higgs mode. Using a THz probe we are able to directly compare our observations to those of the s-

wave superconductor NbN and shed light on the differences between the Higgs mode in these very different systems.

[1] R. Matsunaga and R. Shimano Phys. Scr. 92, 024003 (2017)

[2] R. Grasset, T. Cea, Y. Gallais et al arXiv:1704.04042 (2017)

[3] K. Katsumi, N. Tsuji, Y. I. Hamada, et al arXiv: 1711.04923 (2017)

[4] Y. Barlas and C. M. Varma Phys. Rev. B 87, 054503 (2013)

Figure 1: Pictorial representation 

of the free energy corresponding to 

(a) s-wave Higgs mode and (b) 

additional non s-wave Higgs 

modes [4] 
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(2014).

65



-

Observation of Gas-Liquid Phase Transition in Monolayer 3He
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Unidirectional electric transport in 3D bulk superconductor

Keywords: 

[1]

( )

BiTeBr PbTaSe2

Magneto-chiral anisotropy [1], which is the unidirectional electric transport derived from lattice symmetry 

breaking, is investigated in a non-centrosymmetric bulk superconductor PbTaSe2.

First observation of the nonreciprocal charge transport in a 3D non-centrosymmetric superconductor and 

characteristic properties will be discussed.

[1] G. L. J. A. Rikken and P. Wyder, Phys. Rev. Lett. 94, 016601 (2005).

PbTaSe2
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The effect of metal-substitution on magnetic properties
of epsilon iron oxide 
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P-
Cd3As2

Crystal structure and transport characterizations of 
Cd3As2 thin films grown on compound semiconductor substrates
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[2] Z. K. Liu et al., Nat. Mater. 13, 677 (2014)
[3] M. Uchida et al., Nat. Commun. 8, 2274 (2018)
[4] Y. Nakazawa et al., submitted
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Epitaxial Growth of Li Intercalated Blue Phosphorus
and Its Electric Transport Property
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( 1(b))
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[1] Jia Lin Zhang et al., Nano Lett. 16, 4903-4908 (2016).

[2] Jun-Jie Zhang, Shuai Dong, 2D Mater. 3, 035006 (2016).
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Pt/Co/Pd/MgO

Substrate dependence of electric-field effect on magnetic anisotropy 
in Pt/Co/Pd/MgO structures 

Electric field (EF) effect on magnetic anisotropy (MA) has been intensively studied because of its potential for 

dramatic reduction in energy consumption of magnetic memory devices. Recently, in the Pt/Co/Pd/MgO system 

deposited on a GaAs substrate, strong temperature dependence of EF effect on MA and a huge modulation efficiency 

exceeding 1,000 fJV-1m-1 at 10 K have been reported [1]. In this system, EF is applied to the Pd surface in which the 

magnetic moment is induced because of the ferromagnetic proximity effect. One possible origin of this strong 

temperature dependence is a temperature-dependent lattice strain caused by the difference in the thermal expansion 

coefficients between Pd and GaAs substrate, and resultant change in the electronic structure in the Pd. In order to 

confirm this internal strain effect on EF effect, we prepared the same system formed on different semiconductor 

substrates (GaAs and Si) with different values and investigated EF

effect on MA at various temperature (T) [2]. 

Ta (2.5 nm)/Pt (2.4)/Co (0.4)/Pd (1.0)/MgO (2.0) layers from the 

substrate side were deposited on undoped GaAs (001) and Si (001)

substrates simultaneously by rf sputtering at room temperature. EF was 

applied to the Pd surface using a polymer film containing an ionic 

liquid. Fig. 1 (a) and (b) show the gate voltage (VG) dependence of the 

change in the areal MA energy (EK/S) obtained under various T for two

samples, respectively. EK/S is defined as the difference between EK/S

at each VG and that at VG = 0 V. As shown in Fig. 1, T dependence of 

EF effect is clearly different between two samples. Both samples show 

-shaped VG dependence at low T, but the peak position for GaAs and 

Si samples are located around VG = 0 V and -0.5 V, respectively.

Furthermore, the MA modulation efficiency at 10 K is ~1,300 fJV-1m-1

on GaAs, while that is ~1,800 fJV-1m-1 on Si. These difference are

expected to be related to the difference in internal strain and 

electronic structure of the Pd between two structures.

This work was partly supported by JSPS KAKENHI and Spintronics Research Network of Japan.

[1] Y. Hibino, et al., App. Phys. Lett. 109, 082403 (2016). [2] Y. Hayashi, et al., App. Phys. Exp. 11 013003 (2018).

Fig.1 : VG dependence of EK/S at each T

for Pt/Co/Pd/MgO on (a) GaAs and (b) Si.

Fig 1 : VGVV dependence of EKEE /K S at each T
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Geometrical effect on spin accumulation signals in a diode structure
fabricated on Si substrate

The three-terminal Hanle (3TH) measurement has been frequently used to estimate the spin lifetime S in 
semiconductors and the spin injection polarization P in ferromagnet(FM)/insulator(I)/semiconductor(SC) tunnel 
junctions.[1] However, little attention has been paid to the fact that 3TH signals are affected by the device structure 
when its electrode size or channel thickness are comparable to the spin diffusion length S .[2-5] Therefore, the 
device structure must be carefully considered to understand the spin physics more precisely. 

Figure 1(a) shows our FM/I/Si tunnel junction device structure examined in 
this study.  Universal representation of the 3TH signals[5] THV 3 observed in 
such vertical devices can be written by integrating the impulse response injected 
at a position r  and detected at another position 'r over the junction area A; 

A
S

SSA
S

TH HidA
A

dAJPHV
rr

rr
rr

1
'

expRe
'2

)(
'

23 , (1)

where H is the magnetic field applied perpendicular to the injected spins, J is the 
current density, is the channel resistance, and is the gyromagnetic ratio.  In 
deriving Eq. (1), it was assumed that J is uniform over the junction area.  Eq. 
(1) indicates that, as A decreases, the amplitude of a 3TH signal decreases and its
linewidth broadens.  Although true P and S can be estimated by fitting Eq. 
(1) to the data, it is not easy since numerical calculation is needed.  Thus, as a
fitting function, it is practically convenient to use the following
conventional equation;
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2
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S

S
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H
H

JPHV , (2)

and then to convert the obtained P* and *S to P and S ,
respectively, using conversion factors PP /*  and SS /* which can 
be numerically calculated from Eq. (1).  Note that Eqs. (1) and (2) are 
identical when A is large enough, in that case, 1/*/* SSPP .

To experimentally verify the above discussion, we investigated 
3TH signals observed in FM/I/Si junctions having a Fe/Mg/SiOxNy/n+Si 
injector electrode with various shapes.[6] Our measurement setup is 
shown in Fig. 1(a), where J = 40 42 A/ m2 is applied from the top 
electrode to the  substrate in the spin extraction regime with sweeping
H
2×180 2 shown in Fig. 1(b)).  Figs. 2(a-c) (red curves) show
3TH signals at 4K.  By fitting Eq. (2), we obtained *P = 16.5, 15.2, and 13.4%, and *S = 7.1, 4.2, and 2.9 ns,
for Sample A, B and C, respectively.  Using the conversion factor, true P and S are estimated; P = 17.4, 17.9,
and 16.8%, and S = 7.8, 6.5, and 3.9 ns, for Sample A, B and C, respectively.  Since variation of P and S

values are smaller than that of *P and *S , our proposed method is valid to estimate true P and S .
.

Fig. 1 (a) Device structure and 
measurement setup.  (b) Shapes 
and size of the spin injection 
electrode.

Fig. 2 (a-c) 3TH signals observed in 
Sample A-C (red lines). Black curves 
are fitting by Eq. (2). 
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The effect of hole doping nearby quantum critical point on
(Nd1-xPrx)2Ir2O7
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STS Study of Graphene Zigzag Nano-ribbons 
1Department of Physics, The Univ. of Tokyo, 2Cryogenic Research Center, The Univ. of Tokyo 

Andre E. B. Amend1, Tomohiro Matsui1, Hiroshi Fukuyama1,2

Graphene is a sheet consisting of a two-dimensional honeycomb lattice of carbon atoms. At a zigzag (zz) type edge, 

graphene hosts an electronic localized state (zz-ES) that causes a peak in the local density of states (LDOS) at the 

Dirac point, the Fermi energy (EF) in undoped materials [1-2]. In narrow graphene nano-ribbons (GNR) with zz edges, 

the zz-ESs are expected to be spin polarized along each edge and have opposite spin directions on different edges. 

This antiferromagnetic configuration is expected to split the LDOS peak, where the peak separation increases with 

deceasing ribbon width due to increasing inter-edge interaction. If the spins on both edges align in the same direction 

by applying magnetic fields, the splitting will disappear. In addition to the edge states, GNRs can feature an energy 

gap due to quantum confinement. The gap amplitude increases with decreasing ribbon width, but should be insensitive 

to the magnetic field. Previous measurements of the spin polarized zz-ESs [3-5] are not consistent with each other, 

and its experimental verification is still left unsettled.  

In this study, the LDOS on zz-GNRs were studied by scanning tunneling 

microscopy and spectroscopy (STM/S) at temperatures down to 2 K and in 

high magnetic fields up to 13 T. Zz-GNRs were fabricated on a graphite 

surface by hydrogen plasma etching [6]. Figure (a) and the inset show the 

STM image of a zz-GNR of monatomic height and 12.5 nm width and its 

height profile, respectively. In Fig. (b), we show typical dI/dV spectra taken 

at B = 0 and 12 T on the upper edge of the ribbon. At B = 0 T, several distinct 

peaks are seen around EF (V = 0), while no peaks and a single prominent 

peak are observed on a much wider terrace and an isolated zz edge, 

respectively (not shown here). The steep dI/dV suppression near −50 mV 

accompanied by the two broad peaks at −60 and 35 mV are assigned to a 

structure caused by the quantum confinement (horizontal bar in Fig. (b)). 

Within the gap structure, there are two peaks at −10 and 10 mV which could 

be a spin split zz-ES. By applying a magnetic field of 12 T, the double peak 

structure is modified. Note that small periodic peaks appeared at V  30 

mV are those caused by Landau quantization. Further analyses and 

discussions of these preliminary data will be given. 

[1] M.Fujita, et al., J. Phys. Soc. Jpn. 65, 1920 (1996). [4] G.Z.Magda, et al., Nature 514, 608 (2014).
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Magnetochiral Hall effect in a 2D trigonal superconductor
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Electrical properties of dislocations in Bismuth-Antimony topological 
insulators 
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Development of a Compact and Continuous Sub-mK Refrigerator II
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