
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 11090 
 
 

Proceedings of SPIE 0277-786X, V. 11090 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

Spintronics XII 
 
 
 
Henri-Jean M. Drouhin 
Jean-Eric Wegrowe 
Manijeh Razeghi 
Henri Jaffrès 
Editors   

 
 
11–15 August 2019 
San Diego, California, United States 
 
 
Sponsored and Published by  
SPIE 
                                       
 

Spintronics XII, edited by Henri-Jean M. Drouhin, Jean-Eric Wegrowe, Manijeh Razeghi, Henri Jaffrès, 
Proc. of SPIE Vol. 11090, 1109001 · © 2019 SPIE · CCC code: 0277-786X/19/$21 · doi: 10.1117/12.2551338

Proc. of SPIE Vol. 11090  1109001-1



The papers in this volume were part of the technical conference cited on the cover and title page. 
Papers were selected and subject to review by the editors and conference program committee. 
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The 
publisher is not responsible for the validity of the information or for any outcomes resulting from 
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
   Author(s), "Title of Paper," in Spintronics XII, edited by Henri-Jean M. Drouhin, Jean-Eric Wegrowe, 
Manijeh Razeghi, Henri Jaffrès, Proceedings of SPIE Vol. 11090 (SPIE, Bellingham, WA, 2019) Seven-
digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510628731 
ISBN: 9781510628748 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
Copyright © 2019, Society of Photo-Optical Instrumentation Engineers. 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $21.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/19/$21.00. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 
Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs 
allows articles to be fully citable as soon as they are published online, and connects the same 
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article 
numbering system structured as follows: 

§ The first five digits correspond to the SPIE volume number.       
§ The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 

Proc. of SPIE Vol. 11090  1109001-2



  Contents 
 
 
 

  vii Authors 
 
               ix Conference Committee 
 
  xiii Introduction 
  

   SPIN CALORITRONICS 
     
 11090 0U  Non-equilibrium thermodynamics of spin-caloritronic effects [11090-30] 

     
     

   THZ SPINTRONICS 
     
 11090 13  Terahertz emission from magnetic thin film and patterned heterostructures [11090-39] 

     
     

   SPIN-ORBIT COUPLING 
     
 11090 1X  Spin-orbit coupling in the hydrogen atom, the Thomas precession, and the exact solution of 

Dirac's equation [11090-68] 
     
     

   MAGNONICS 
     
 11090 25  Visualizing nanoscale spin waves using MAXYMUS [11090-76] 

     
     

   GRAPHENE AND TRANSITION-METAL DICHALCOGENIDES 
     
 11090 2F  Tunable Berry curvature, valley and spin Hall effect in Bilayer MoS2 [11090-86] 

     
     

   SPIN-HALL EFFECT II 
     
 11090 33  Spin transport and spin-charge interconversion phenomena in Ge-based structures  

[11090-111] 
     

iii

Proc. of SPIE Vol. 11090  1109001-3



   SPIN LASERS 
     
 11090 36  Spin polarization modulation of 1.55-μm VCSELs for high-speed data communications  

[11090-114] 
     
 11090 39  Optical isolation in magnetoplasmonic diffraction gratings [11090-117] 

     
     

   DEVICES AND SENSORS I 
     
 11090 3F  Magnetic field-free deterministic switching of a perpendicular magnetic layer by spin-orbit 

torques [11090-123] 
     
 11090 3H  Recent progress in the development of high-sensitivity tunneling magnetoresistive sensors 

[11090-125] 
     
     

   NEUROMORPHIC COMPUTING II 
     
 11090 3I  Semi-supervised learning and inference in domain-wall magnetic tunnel junction (DW-MTJ) 

neural networks [11090-126] 
     
 11090 3J  A complete set of spintronic hardware building blocks for low power, small footprint, high 

performance neuromorphic architectures [11090-127] 
     
 11090 3K  Magnetic domain wall neuron with intrinsic leaking and lateral inhibition capability [11090-128]

     
 11090 3L  Neuro-inspired computing with emerging memories: where device physics meets learning 

algorithms [11090-129] 
     
     

   DEVICES AND SENSORS II 
     
 11090 3M  Spintronic sensors for NMR and MRI [11090-131] 

     
     

   SUPERCONDUCTIVITY II 
     
 11090 3Z  Investigation of InAs–based devices for topological applications [11090-144] 

     
     

   POSTER SESSION 
     
 11090 45  Spin based neuromorphic computing [11090-130] 

     

iv

Proc. of SPIE Vol. 11090  1109001-4



 11090 46  Density functional theory study of magnetic and structural properties of deoxyhemoglobin and 
aquomethemoglobin for use in MRI [11090-150] 

     
     

 

v

Proc. of SPIE Vol. 11090  1109001-5



Proc. of SPIE Vol. 11090  1109001-6



Authors 
 
 
Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article 
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36 
numbering is employed for the last two digits and indicates the order of articles within the volume. 
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc. 
 
Aaghaei, Fatematossadat Pourseyed, 46 
Aghaei, Tayyebatossadat Pourseyed, 46 
Akinola, Otitoaleke G., 3K 
Ansalone, P., 0U 
Back, Christian H., 25 
Basso, V., 0U 
Beltram, Fabio, 3Z 
Bennett, Christopher H., 3I, 3K 
Biasiol, Giorgio, 3Z 
Bindal, Namita, 45 
Bottegoni, F., 33 
Bours, Lennart, 3Z 
Brigner, Wesley H., 3K 
Burkard, Guido, 2F 
Camsari, Kerem Y., 3J 
Carrega, Matteo, 3Z 
Chopin, C., 3M 
Ciccacci, F., 33 
Cichelero, Rafael, 39 
de Orio, Roberto L., 3F 
De Rego, Paul J., 3H 
Divan, Ralu, 13 
Doll, A., 3M 
Dubowik, Janusz, 25 
Ewing, Dan, 3H 
Fal'ko, Vladimir I., 2F 
Fermon, C., 3M 
Finazzi, M., 33 
Förster, Johannes, 25 
Friedman, Joseph S., 3I, 3K 
Ganguly, Samiran, 3J 
Gangwar, Ajay, 25 
Gao, Kaizhong, 3H 
Garcia-Sanchez, Felipe, 3K 
Ghosh, Avik W., 3J 
Giazotto, Francesco, 3Z 
Goering, Eberhard J., 25 
Gräfe, Joachim, 25 
Groß, Felix, 25 
Gu, Yunfei, 3J 
Guiducci, Stefano, 3Z 
Hassan, Naimul, 3I, 3K 
Herranz, Gervasi, 39 
Heun, Stefan, 3Z 
Hoffmann, Axel, 13 
Hu, Xuan, 3I, 3K 
Hua, Jiong, 3H 
Ikeda, Kazuhiro, 36 
Incornvia, Jean Anne C., 3I, 3K 

Iorio, Andrea, 3Z 
Isella, G., 33 
Jasmin-Lebras, G., 3M 
Jiang-Wei, Lucian, 3K 
Jungfleisch, Matthias B., 13 
Kataja, Mikko, 39 
Kaushik, Brajesh Kumar, 45 
Klos, Jaroslaw, 25 
Kormányos, Andor, 2F 
Krawczyk, Maciej, 25 
Kuepferling, M., 0U 
Kulkarni, Anant, 45 
Lecurieux-Lafayette, S., 3M 
Lendinez, Sergi, 13 
Li, Haitong, 3L 
Li, Yi, 13 
Liou, Sy-Hwang, 3H 
Lisiecki, Filip, 25 
Liu, Yen-Fu, 3H 
Mansuripur, Masud, 1X 
Marinella, Matthew J., 3I 
Mohammadi, Mahnaz, 46 
Moulin, J., 3M 
Nisaka, Kunpei, 36 
Pannetier-Lecoeur, M., 3M 
Pasquale, Massimo, 0U, 3K 
Pearson, John E., 13 
Raina, Priyanka, 3L 
Rocci, Mirko, 3Z 
Roddaro, Stefano, 3Z 
Rychly, Justyna, 25 
Schaller, Richard D., 13 
Schütz, Gisela, 25 
Selberherr, Siegfried, 3F 
Singh, Gyanendra, 45 
Sokolov, Andrei, 3H 
Sola, A., 0U 
Solignac, A., 3M 
Sorba, Lucia, 3Z 
Stan, Mircea R., 3J 
Stobiecki, Feliks, 25 
Stoll, Hermann, 25 
Strambini, Elia, 3Z 
Sverdlov, Viktor, 3F 
Taghipour Kaffash, Mojtaba, 13 
Träger, Nick, 25 
Van Waeyenberge, Bartel, 25 
Weigand, Markus, 25 
Wen, Haidan, 13 

vii

Proc. of SPIE Vol. 11090  1109001-7



Wong, H.-S. Philip, 3L 
Wu, Weipeng, 13 
Yang, Yi, 3H 
Yasaka, Hiroshi, 36 
Yin, Xiaolu, 3H 
Yokota, Nobuhide, 36 
Zannier, Valentina, 3Z 
Zhang, Qi, 13 
Zhang, Wei, 13 
Zólyomi, Viktor, 2F 
Zucchetti, C., 33 
 

viii

Proc. of SPIE Vol. 11090  1109001-8



Conference Committee 
 
 
Symposium Chairs 

Halina Rubinsztein-Dunlop, The University of Queensland (Australia) 
Mark L. Brongersma, Geballe Laboratory for Advanced Materials 

(GLAM), Stanford University (United States) 
 

Symposium Co-chairs 

Reuven Gordon, The University of Victoria (Canada) 
Natalia M. Litchinitser, Duke University (United States) 

 
 

Conference Chairs 

Henri-Jean M. Drouhin, Laboratoire des Solides Irradiés, Ecole 
Polytechnique (France) 

Jean-Eric Wegrowe, Ecole Polytechnique (France) 
Manijeh Razeghi, Northwestern University (United States) 

 

Conference Co-chair 

Henri Jaffrès, Unité Mixte de Physique CNRS/Thales (France) 
 

Conference Program Committee 

Claire Baraduc, CEA-Grenoble (France) 
Franco Ciccacci, Politecnico di Milano (Italy) 
Russell P. Cowburn, University of Cambridge (United Kingdom) 
Scott A. Crooker, Los Alamos National Laboratory (United States) 
Vincent Cros, Unité Mixte de Physique CNRS/Thales (France) 
Hanan Dery, University of Rochester (United States) 
Rogério de Sousa, University of Victoria (Canada) 
Michel I. Dyakonov, Université Montpellier 2 (France) 
Michael E. Flatté, The University of Iowa (United States) 
Joseph S. Friedman, The University of Texas at Dallas (United States) 
Pietro Gambardella, ETH Zurich (Switzerland) 
Jean-Marie George, Unité Mixte de Physique CNRS/Thales (France) 
Julie Grollier, Unité Mixte de Physique CNRS/Thales (France) 
Erez Hasman, Technion-Israel Institute of Technology (Israel) 
Tomás Jungwirth, Institute of Physics of the CAS, v.v.i.  

(Czech Republic) 
Giti A. Khodaparast, Virginia Polytechnic Institute and State University 

(United States) 
Mathias Klaui, Universität Konstanz (Germany) 

ix

Proc. of SPIE Vol. 11090  1109001-9



Daniel Lacour, Institut Jean Lamour (France) 
Connie H. Li, U.S. Naval Research Laboratory (United States) 
Aurélien Manchon, King Abdullah University of Science and 

Technology (Saudi Arabia) 
Xavier Marie, INSA - Université de Toulouse (France) 
Laurens W. Molenkamp, Julius-Maximilians-Universität (Germany) 
Hiro Munekata, Tokyo Institute of Technology (Japan) 
Hans T. Nembach, National Institute of Standards and Technology 

(United States) 
Yoshichika Otani, The University of Tokyo (Japan) 
Vlad Pribiag, University of Minnesota, Twin Cities (United States) 
Dafiné Ravelosona, Institut d'Électronique Fondamentale (France) 
Nicolas Rougemaille, Institut NÉEL (France) 
Georg Schmidt, Martin-Luther-Universität Halle-Wittenberg (Germany) 
Jing Shi, University of California, Riverside (United States) 
Vasily V. Temnov, Le Mans Université (France) 
Luc Thomas, Headway Technology (United States) 
Evgeny Tsymbal, University of Nebraska-Lincoln (United States) 
Olaf M. J. van 't Erve, U.S. Naval Research Laboratory (United States) 
Joerg Wunderlich, Hitachi Cambridge Laboratory (United Kingdom) 
Igor Zutic, University at Buffalo (United States) 

 

Session Chairs 

1A    Antiferromagnetic Spintronics I 
Joerg Wunderlich, Hitachi Cambridge Laboratory (United Kingdom) 

 
1B    Semiconductor Spintronics 

Victor Lopez-Richard, Universidade Federal de São Carlos (Brazil) 
 

2A    Antiferromagnetic Spintronics II 
 Akashdeep Kamra, Norwegian University of Science and Technology 

(Norway) 
 

2B    Quantum Wells, Quantum Dots, and 2DEGs 
Junsaku Nitta, Tohoku University (Japan) 

 
3A    Organic Spintronics 

Georg Schmidt, Martin-Luther-Universität Halle-Wittenberg (Germany) 
 

3B    Spin Coherence and Quantum Effects 
Makoto Kohda, Tohoku University (Japan) 

 
4A    New Materials for Spintronics 

Henning Sirringhaus, University of Cambridge (United Kingdom) 
 

4B    Spin Caloritronics 
Pedram Khalili, Northwestern University (United States) 

x

Proc. of SPIE Vol. 11090  1109001-10



5A    Skyrmions I 
Hans T. Nembach, National Institute of Standards and Technology 

(United States) 
 

5B    THz Spintronics 
Paolo Vavassori, CIC nanoGUNE (Spain) 

 
6A    Skyrmions II 

Igor Zutic, University at Buffalo (United States) 
 

6B    Spin Pumping and Plasmonics 
Pernille Klarskov, Aarhus University (Denmark) 

 
7A    Spin-Orbit Torque I 

Shinobu Ohya, The University of Tokyo (Japan) 
 

7B    Topological Insulators I 
Igor Rozhansky, Ioffe Physical-Technical Institute of the Russian 

Academy of Sciences (Russian Federation) 
 

8A    Spin-Transfer and ST Oscillators 
 Sungjae Cho, KAIST (Korea, Republic of) 

 
8B     Topological Insulators II 

 Ion Garate, Université de Sherbrooke (Canada) 
 

9A    Spin-Orbit Coupling 
 Xiaolei Wang, Institute of Semiconductors (China) 

9B     Micromagnetism and Spin Systems 
 Emilie Jué, National Institute of Standards and Technology  

 (United States) 
 

10A  Magnonics 
 Roberto Raimondi, Università degli Studi di Roma Tre (Italy) 

 
10B   Majorana Fermions 

 Igor Zutic, University at Buffalo (United States) 
 

11A  Graphene and Transition-Metal Dichalcogenides 
 Jaroslav Fabian, Universität Regensburg (Germany) 

 
11B   Spin-Hall Effect I 

 Henri-Jean M. Drouhin, Laboratoire des Solides Irradiés, Ecole 
Polytechnique (France) 

 
12A  Graphene and TMD 

 Roland Kawakami, The Ohio State University (United States) 

xi

Proc. of SPIE Vol. 11090  1109001-11



12B   Spin-Orbit Torque II 
 Masashi Shiraishi, Kyoto University (Japan) 

 
13A   Ultrafast Phenomena 

 Christoph M. Boehme, The University of Utah (United States) 
 

13B   Spin Accoustics 
 Nils C. Gerhardt, Ruhr-Universität Bochum (Germany) 

 
14A  Spin-Hall Effect II 

 Giti A. Khodaparast, Virginia Polytechnic Institute and State University 
(United States) 

 
14B   Spin Lasers 

 Kamil Postava, VŠB-Technical University of Ostrava (Czech Republic) 
 Henri Jaffrès, Unité Mixte de Physique CNRS/Thales (France) 

 
15A   Neuromorphic Computing I 

 Joseph S. Friedman, The University of Texas at Dallas (United States) 
 

15B   Devices and Sensors I 
 Hubert Brückl, Donau-Universität Krems (Austria) 

 
16A   Neuromorphic Computing II 

  S. J. Ben Yoo, University of California, Davis (United States) 
 

16B   Devices and Sensors II 
 Claire Baraduc, CEA-Grenoble (France) 

 
17A   Superconductivity I 

  Farkhad G. Aliev, Universidad Autónoma de Madrid (Spain) 
 

17B   Devices and Sensors III 
 Claude Fermon, CEA-DRF-IRAMIS (France) 

 
18A   Superconductivity II 

  Yuli Lyanda-Geller, Purdue University (United States) 
 

18B   Spin-Hall Effect III 
 Henri-Jean M. Drouhin, Laboratoire des Solides Irradiés, Ecole 

Polytechnique (France) 

 
 

xii

Proc. of SPIE Vol. 11090  1109001-12



Introduction 

 
The twelfth edition of the Spintronics conference gathered about one hundred 
and fifty speakers in San Diego, California (United States) from Sunday 11 August 
to Thursday 15 August 2019. 
  
In line with the previous editions, Spintronics XII, held in the framework of the SPIE 
Nanoscience + Engineering 2019 symposium, covered very hot topics in 
Spintronics. The conference was an invaluable opportunity for informal and 
stimulating discussions between experts as well as for networking in a friendly 
atmosphere, testifying to the vitality of our field of research.  
 
Featuring 36 oral sessions, the symposium gave a broad and timely snapshot of 
the active and emerging fields in spintronics and spinorbitronics. Recent results at 
the forefront of theoretical, experimental, and technological developments were 
discussed. An important place was reserved for Spin Hall Effect and for Devices 
and Sensors, with three focused sessions, as well as to Antiferromagnetic 
Spintronics, Skyrmions, Topological Insulators, Superconductivity, Spin-Orbit 
Torque, Graphene and Transition-Metal Dichalcogenides, and Neuromorphic 
Computation with two focused sessions. 
  
Special attention was paid to Semiconductor Spintronics, Quantum Wells, 
Quantum Dots, and 2DEGs, Organic Spintronics, New Materials for Spintronics, 
Spin Caloritronics, Spin Pumping and Plasmonics, Magnonics, Spin-Transfer and ST 
Oscillators, Spin-Orbit Coupling, Micromagnetism and Spin Systems, Ultrafast 
Phenomena, Spin Coherence and Quantum Effects.  Emphasis was also put on 
Spin Accoustics, THz Spintronics, Spin Lasers, and Majorana Fermions. 
 
Finally, we are grateful to the SPIE staff and to the Program Committee members 
for their tremendous work. We give special thanks to all colleagues and friends 
who helped organize successful focused sessions. We warmly thank all the 
authors and speakers for their active participation. They have made this 
conference a great success. 
 
 

Henri-Jean M. Drouhin 
Jean-Eric Wegrowe 

Manijeh Razeghi 
Henri Jaffrès 
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