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GENERAL INFORMATION 
 

Scope of the conference 
 
The 23rd International Colloquium on Magnetic Films and Surfaces (ICMFS‐2018) will be held from 
July 22‐27, 2018 at the University of California Santa Cruz (UCSC) in Santa Cruz, CA as a satellite 
meeting  to  the  International  Conference  on Magnetism  (ICM2018)  that  is  held  the  preceding 
week from July 16‐20, 2018 in San Francisco CA. 
 
The ICMFS‐2018 follows the series of previous Colloquia that started in London (UK) in 1964, and 
the most recent one being held in Cracow (Poland) in 2015. The ICMFS‐2018 will be returning to 
the  US  after  33  years which  saw  the  11th  ICMFS  being  held  in  Asilomar,  CA.  A most  notable 
Colloquium was the 11th ICMFS in Le Creusot (France) in 1988, where the participants saw reports 
by Peter Grünberg and Albert Fert on their independent discoveries of Giant Magneto Resistance 
that not only led to the Nobel Prize in Physics to Peter Grünberg and Albert Fert in 2007, but also 
gave birth to spintronics, which since has had an enormous impact to technologies, societies and 
research directions of a whole generation. With the passing of Peter Grünberg earlier this year, 
the ICMFS‐2018 will host a dedicated symposium on the first day of the conference to pay tribute 
to Peter Grünberg’s engagement with the ICMFS.  
 
The ICMFS‐2018 will bring together scientists from all areas of magnetism in lower dimensions. 
The Colloquium aims to exchange new results and ideas for advancing the field of magnetism at 
surfaces, interfaces, in micro‐ and nanostructures, spin‐dependent phenomena, and will feature 
emerging directions in this field.  
 
The scientific topics at the ICMFS‐2018 include: 

 nanomagnetism 

 spin dynamics 

 spin‐dependent transport 

 hybrid magnetic systems 

 surface and interface magnetism  

 new directions 
 
The structure of  the Colloquium follows the tradition of being held  in a single session style.  It 
consists of invited and oral presentations given by world leading experts from research institutes, 
universities  and  industry.  There  will  be  extensive  poster  sessions,  where  attendees  and 
particularly early career scientists and students are encouraged to present their work related to 
the fields covered by the ICMFS‐2018. 
 

Santa Cruz CA 
 
Santa Cruz  is  the  largest city of Santa Cruz County, California with an estimated population of 
62,864 (as of 2013). It  is situated on the northern edge of Monterey Bay, about 32 mi (51 km) 
south of San Jose and 75 mi (120 km) south of San Francisco.  
 
The present‐day  site of  Santa Cruz was  the  location of  Spanish  settlement beginning  in 1791, 
including Mission Santa Cruz and the pueblo of Branciforte. Following the Mexican–American War 
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of 1846–48, California became the 31st state in 1850. The City of Santa Cruz was incorporated in 
1866 and chartered in April 1876. Important early industries included lumber, gunpowder, lime 
and  agriculture.  Late  in  the  19th  century,  Santa  Cruz  established  itself  as  a  beach  resort 
community. 
 
Today, the principal industries of Santa Cruz are agriculture, tourism, education (UC Santa Cruz) 
and  high  technology.  Santa  Cruz  is  a  center  of  the  organic  agriculture movement,  and many 
specialty products as well as housing the headquarters of California Certified Organic Farmers. 
Tourist attractions  include the classic Santa Cruz Beach Boardwalk on the beach,  the redwood 
forests in the Santa Cruz Mountains above the town, and Monterey Bay, which is protected as a 
marine sanctuary. 
 
Downtown Santa Cruz houses a variety of storefronts and businesses.  It  is also stage to many 
street performers, musicians, and artists, oftentimes creating the presence of background music 
and miscellaneous street side entertainment when visiting downtown.  

Santa Cruz is home to several state parks and beaches, Pogonip Open Space is located adjacent 
to  the University of California,  Santa Cruz.  It  includes  second‐growth oak and  redwood  forest, 
meadows and several streams, and is crossed by several hiking trails. Pogonip was the name of 
the former country club there, which once had a golf course and polo field. The name Pogonip 
was derived from a combination of “polo”, “golf” and the alcoholic “nip” that sometimes followed 
or accompanied those pursuits. 

Natural Bridges State Marine Reserve is a marine protected area off the coast at the northern 
edge of Santa Cruz. Like underwater parks, marine protected areas help conserve ocean wildlife 
and  marine  ecosystems.  Most  of  the  rest  of  the  coastline  of  Santa  Cruz  lies  adjacent  to 
the Monterey Bay National Marine Sanctuary. 

Santa  Cruz  is  well  known  for  watersports  such  as  sailing,  diving,  swimming,  stand  up  paddle 
boarding, paddling, and is also regarded as one of the best spots in the world for surfing. San Jose, 
the capital of Silicon Valley and home to the Tech Museum is 30 miles away, Monterey with the 
famous Cannery row and renowned golf courses is 45 miles away. 
 

University of California Santa Cruz 
 
The University of California, Santa Cruz (also known as UC Santa Cruz or UCSC), is a public research 
university and one of 10 campuses in the University of California system. Located 75 miles (120 
km) south of San Francisco at the edge of the coastal community of Santa Cruz, the campus lies 
on 2,001 acres (810 ha) of rolling, forested hills overlooking the Pacific Ocean and Monterey Bay. 
Elevation varies from 285 feet (87 m) at the campus entrance to 1,195 feet (364 m) at the northern 
boundary, a difference of about 900 feet (270 m). The southern portion of the campus primarily 
consists  of  a  large,  open meadow,  locally  known  as  the  Great Meadow.  To  the  north  of  the 
meadow lie most of the campus' buildings, many of them among redwood groves. Creeks traverse 
the UCSC  campus within  several  ravines.  Footbridges  span  those  ravines  on  pedestrian  paths 
linking various areas of campus. The footbridges make it possible to walk to any part of campus 
within 20 minutes 
 
Founded  in  1965,  UC  Santa  Cruz  began  as  a  showcase  for  progressive,  cross‐disciplinary 
undergraduate  education,  innovative  teaching methods  and  contemporary  architecture.  Since 
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then, it has evolved into a modern research university with a wide variety of both undergraduate 
and  graduate  programs,  while  retaining  its  reputation  for  strong  undergraduate  support  and 
student political activism. The residential college system, which consists of ten small colleges, is 
intended  to  combine  the  student  support  of  a  small  college  with  the  resources  of  a  major 
university. 
 
The  university  offers  63  undergraduate majors  and  35 minors, with  graduate  programs  in  33 
fields. As of  fall 2016 UCSC had 18,783 students, 16,962 of which were undergraduates. As of 
2015, UCSC's faculty include 13 members of the National Academy of Sciences, 24 fellows of the 
American  Academy  of  Arts  and  Sciences,  and  33  fellows  of  the  American  Association  for  the 
Advancement of Science. Off‐campus research facilities maintained by UCSC include the Lick and 
Keck Observatories and the Long Marine Laboratory. UC Santa Cruz was tied for 27th in the list of 
Best Global Universities and 79th in the list of Best National Universities in the United States by 
U.S. News & World Report's 2017 rankings. In 2017 Kiplinger ranked UC Santa Cruz 50th out of 
the top 100 best‐value public colleges and universities in the nation, and 3rd in California. 
 
The motto of UCSC is “fiat lux”, meaning “let there be light”. UCSC’s mascot is “Sammy the Slug”, 
which has earned UCSC the nickname “Banana Slug”. 
 

Climate 
 
Santa Cruz has mild weather throughout the year, experiencing a warm‐summer Mediterranean 
climate characterized by cool, wet winters and warm, mostly dry summers. Due to its proximity 
to  Monterey  Bay,  fog  and  low  overcast  are  common  during  the  night  and  morning  hours, 
especially in the summer.  
 
The average high temperatures in July is 73F (23C), and the average low 54F (12C). The average 
precipitation is 0.01in.  
 

Venue 
 
The venue for the technical sessions for the ICMFS‐2018 will be in the Auditorium of the Theater 
Arts Center, which is across the street from Porter College, where those participants who chose 
to stay on‐site will be accommodated.  
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Transportation 
 
Getting to UC Santa Cruz 
 
Three major airports  (San Francisco  International Airport  (SFO),  San  Jose  International Airport 
(SJC), and Oakland International Airport (OAK)) are the most convenient located airports to come 
to Santa Cruz.  
All three are served by international and domestic airlines. SFO has the most direct international 
destinations, but there are also direct flights from Asia to SJC and from Europe to OAK. 
 
Getting from the Airport to the ICMFS‐2018 
 
There are several options to travel to the ICMFS‐2018: taxi, shuttle service, rental car, and public 
transportation. 
 
Public transportation 
 
 San Jose International Airport (SJC) is closest with approximately 36 miles from the UC Santa 

Cruz  campus.  It  is  a  large hub with direct  connections  to/from  international and domestic 
airports. Combine train & bus travel to get from the San Jose Airport to the UC Santa Cruz 
campus. From San Jose Airport take VTA (Valley Transit Authority) Airport Flyer Route 10 bus 
(free) to the Santa Clara Caltrain station. Ride Caltrain from the Santa Clara station ($3.75) to 
the San Jose Diridon (Cahill Street) Caltrain/Amtrak station. At  the San Jose Diridon (Cahill 
Street) station transfer to the Highway 17 Express bus ($7) to the Santa Cruz Metro’s Pacific 
Station in downtown Santa Cruz. At Santa Cruz Metro’s Pacific Station take any University bus 
route (ticket price $2) to UC Santa Cruz campus. 
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 San Francisco International Airport (SFO) is approximately 62 miles from the UC Santa Cruz 
campus. Major hub with direct connections to/from international and domestic airports. The 
BART train is easily accessed from any terminal by riding SFO’s free AirTrain to the Garage 
G/BART Station stop. BART provides a direct connection to Caltrain at the Millbrae station. 
Ride Caltrain from the Millbrae station to the San Jose Diridon (Cahill Street) station. At the 
San Jose Diridon station transfer to the Highway 17 Express bus to Santa Cruz Metro’s Pacific 
station  in  downtown  Santa  Cruz.  Take  any University  Route  bus  from  Santa  Cruz Metro’s 
Pacific station to the UC Santa Cruz campus. 

 Oakland  International  Airport  (OAK) is  approximately  63  miles  from  the  UC  Santa  Cruz 
campus.  Public  transport  travel  options  to  campus  from  OAK  are  limited  and  multiple 
transfers on buses and trains are required. 

 
Shuttle Service 
 
Airport shuttle providers that offer service to and from UC Santa Cruz include: 

 ABC Airporter Service 
(800) 840‐0522 
(831) 224‐9391 

 Anjorin Town Car Service 
(831) 431‐7556 
(888) 495‐4114 

 Blue Water Limousines 
(831) 477‐0170 

 Early Bird Airport Shuttle 
(831) 462‐3933 

 Paradise Transportation is a private door‐to‐door service; 
this is not a shared‐ride van service. 
Current pricing. 
Call (831) 477‐1200 for a reservation. 

 Santa Cruz Car Service 
(831) 824‐4351 

 Santa Cruz On Time Airport Shuttle 
(831) 421‐9999 

 Santa Cruz Shuttles 
(831) 421‐9883 

 West Coast Transportation Club Limousine and Sedans 
(831) 464‐2600 
roywestcoast@aol.com 

 
Private car/rental car 
 
From SFO:  
    * Distance to Porter College at UC Santa Cruz: 63 mi. 
    * Drive time: about 60 min depending on traffic. 
Directions: Exit the airport, then head south follow US‐101 towards S/San Jose. Take exit 398B for 
CA‐85 toward Santa Cruz/Cupertino. Take exit 11A onto CA‐17 S toward Santa Cruz. Continue on 
CA‐1 N, then turn right onto CA‐1 N/Mission St (signs for Half Moon Bay). Turn right onto Highland 
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Ave, then left onto High St. Continue onto Empire Grade, then turn right onto Heller Dr. Turn left 
into Porter College. 
 
From SJC: 
    * Distance Porter College at UC Santa Cruz: 35 mi 
    * Drive time: about 45 min depending on traffic 
Directions: Exit the airport, then take I‐880 South towards Santa Cruz. Continue on CA‐17 S, then 
turn right onto CA‐1 N/Mission St (signs for Half Moon Bay). Turn right onto Highland Ave, then 
left onto High St. Continue onto Empire Grade, then turn right onto Heller Dr. Turn left into Porter 
College. 
 

Registration 
 
The  registration  fee  includes  access  to  the  technical  sessions,  conference  related  materials, 
refreshments during the AM/PM breaks, a welcome reception, a social networking event on Tue 
July 24, 2018 and the conference dinner on Thu July 26. 
 
Housing on campus includes 3 meals per day beginning with dinner and ending with lunch on the 
last day.  Conference Lot parking permits are provided to all attendees staying in campus housing.   
 
Commuters, who are not staying on campus, need to purchase separately parking permits at the 
conference  office  or  parking  kiosk  at  the  base  of  campus.  They  will  also  need  to  purchase 
individual meals at the Dining Hall. 
 
Accompanying persons are required to register as Guest and purchase tickets separately for the 
social networking event and the conference dinner. 
 
Registration Fees: 
 

 Advance registration (before May 15, 2018): $ 550.00 
 Regular registration (after May 15, 2018 and on‐site): $ 650.00 
 Student registration: $ 400.00 
 Day pass (available on‐site only): $200 per day 
 Guest: no registration cost, but social networking event and conference dinner fees 

apply for attendance (networking event: $35, conference dinner $70) 
 
Cancellations before July 8, 2018 will receive a refund minus a 6% fee.  
Cancellations between July 8 and July 19 will be assessed a $50 cancellation and a 6% fee. 
Cancellations after July 19 will be charged a $100 cancellation fee, one night’s accommodation 
and 6% fee. 
 

Presentations 
 
The  scientific  sessions  consist  of  oral  and  poster  sessions.  The oral  sessions  take place  in  the 
auditorium of the Theater Arts Center, the poster sessions will be outside under a covered atrium.  
 
Invited oral contributions are 25 minute presentation + 5 minute discussion. 
Regular oral contributions are 12min presentation +3 minute discussion.  
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All speakers are asked to keep to their allocated time. 
 
The available space for each poster is 4ft x 4ft (120cm wide and 120cm tall). 
Poster presenters are asked to setup their poster during the AM or lunch break at the day of their 
poster presentation.  
 

Best Student Presentation Award  
 
The ICMFS‐2018 will recognize outstanding student contributions to the conference with a “Best 
Student Presentation Award”. 
 
The following students have been selected as finalists for this award 

 Sabpreet Bhatti, NTU/Singapore 

 Lucas Caretta, MIT/USA 

 Ranjana Das, IIT Madras/India 

 Ando Fuyuki, Kyoto U/Japan 

 Hee‐Sung Han, UNIST/Korea 

 Mio Ishibashi, Kyoto U/Japan 

 Noah Kent, UCSC/USA 

 Namkyu Kim, UNIST/Korea 

 Ivan Lemesh, MIT/USA 

 Qili Li, Nanjing U/China 

 Tian Li, Kyoto U/Japan 

 Juriaan Lucassen, Eindhoven U/Netherlands 

 Annika Stellhorn, Juelich/Germany 

 Joren Vanherck, U Antwerpen/Belgium 

 Jake John Wisser, Stanford U/USA 

 Mingran Xu, U Tokyo/Japan 
 
The finalists will receive a certificate and their registration fee for the ICMFS‐2018 is waived. The 
student winner will receive in addition a $250 cash award. 
 

Wireless Access 
 
Wireless internet access is available throughout the ICMFS‐2018 in the meeting rooms and in the 
housing apartments. Further information can be obtained from the Conference Desk  
 

Social Networking event 
 
On Tuesday July 24, 2018 the ICMFS‐2018 offers a social networking event to foster professional 
interactions among the participants of the ICMFS‐2018.  
 
A shuttle bus will pick up participating attendees at 8:15AM at Porter College to drive about 25 
min  to  the  nearby  town  of  Roaring  Camp.  This  is  a  re‐creation  of  an  1880's  logging  town, 
showcasing Wild West style scenery. Roaring Camp has a heritage railway with authentic 1880’s 
steam locomotives operating on a Redwood Forest Steam Train excursion and 1920's era Beach 
Trains to Santa Cruz. 
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The ICMFS‐2018 participants will have the opportunity to stroll around in Roaring Camp before 
boarding the Beach Train that will depart at 10:15AM for a 1 hour train ride through the majestic 
redwood forests arriving at 11:15AM at the Santa Cruz Boardwalk on the beach. A shuttle bus will 
depart the Boardwalk at 12:30PM to bring the participants back to Porter College for lunch. The 
participants are encourage to bring light sweaters for the train ride.     
 

Conference Banquet 
 
On Thursday July 26, 2018 the conference banquet will be held at the Seymour Marine Discovery 
Center. A shuttle bus will pick up participating attendees at 5:45PM at Porter College.  
 
The Seymour Marine Discovery Center  is  located on  the Santa Cruz  coast with a breathtaking 
overlook of the Pacific Ocean. It is a community‐supported marine science education center of 
the  University  of  California,  Santa  Cruz  and  is  dedicated  to  educating  people  about  the  role 
scientific research plays in the understanding and conservation of the world’s oceans.  
 
During the dinner the ICMFS‐2018 attendees will have access to exhibits where docents will be 
available to answer questions about the center and marine life.  
 
The conference dinner is included in the registration fees.  Additional tickets for accompanying 
persons can be purchased separately at the Conference Office ($70).   
 

Suggestions for sightseeing (not included in the ICMFS‐2018 program) 
 
San Francisco (0.5‐1 day excursion) 

 Golden Gate Bridge 

 Chinatown 

 Fisherman’s Wharf 

 Cable Car 

 Golden Gate Park with the Japanese tea garden, Academy of Science, DeYoung Museum 

 Museum of Modern Art 

 Financial district 

 Legion of Honor 
 
Napa Valley (1 day excursion) 
Monterey peninsula: Bay Aquarium, Cannery Row, 17mi drive, Big Sur (1 day excursion) 
Yosemite National Park (1‐3 days excursion) 
Lake Tahoe Area (1‐2 day excursion) 
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Conference Committees for the ICMFS‐2018 
 

International Advisory Committee 

Ingrid Mertig (Chair)   Germany   

Laura J. Heyderman (Vice‐Chair)   Switzerland  Hideo Ohno  Japan 

Mario Baibich   Brazil  YoshiChika Otani  Japan 

Xiaofeng Jin   China  Yoshishige Suzuki  Japan 

Tomas Jungwirth   Czech Republic  Shinji Yuasa  Japan 

Patrick Bruno   France  Sung‐Chul Shin  Korea 

Claude Chappert   France  Oksana Chubykalo‐Fesenko  Spain 

Andre Thiaville   France  Gerrit Bauer  The Netherlands 

Juergen Kirschner   Germany  Theo Rasing  The Netherlands 

Claus M. Schneider   Germany  Stuart Parkin  USA 

Robert Hicken   Great Britain  Amanda Petford‐Long   USA 

Masaaki Futamoto   Japan  Mark Stiles   USA 

International Program Committee 

Hendrik Ohldag (Chair)   USA  Byoung‐Chul Min  Korea 

Yizheng Wu   China  Marek Przybylski  Poland 

Alexandra Mougin   France  Johan Akerman  Sweden 

Stefania Pizzini   France  Frithjof Nolting  Switzerland 

Juergen Fassbender   Germany  Chih‐Huang Lai  Taiwan 

Wulf Wulfhekel   Germany  Tom Hase  UK 

Anjan Barman   India  Kristen Buchanan  USA 

Teruo Ono   Japan  Yuri Suzuki  USA 

Koki Takanashi   Japan  Holger Schmidt  USA 

Jongill Hong   Korea  Sujoy Roy  USA 

Conference Chair 

P. Fischer  LBNL/UCSC 

Local Organizing Committee 

P. Fischer, Chair  LBNL/UCSC 

H. Ohldag  SLAC/UCSC 

Y. Suzuki  Stanford U 

D. Lederman  UCSC 

S. Morley  UCSC 
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Sunday, July 22, 2018 

  

16:00 Registration 

18:00 
– 

20:00 
Welcome Reception 

 

Monday, July 23, 2018 

   

08:00  Registration 

08:45  Opening welcome 

  Chair: P. Fischer (LBNL/UCSC)  

09:00 SYMP-1 C.M. Schneider (FZ Jülich) 
PETER GRÜNBERG  AND THE ICMFS 

09:00 SYMP-2 K. Takanashi (Tohoku U Sendai) 
IN MEMORY OF PROF. PETER GRÜNBERG 

09:30 Mo-1 
INVITED 

M. Bapna, B. Parks, A. Abdelgawad, S. A. Majetich (CMU Pittsburgh) 
SUPERPARAMAGNETIC TUNNEL JUNCTIONS 

10:00 Mo-2 
BSPF 

J. Wisser, H.M. Jeon, R. Budhani, M. Gray, S. Emori, B. Howe, Y. Suzuki (Stanford U/Wright 
State U/Morgan State U/Virginia Polytechnic Inst/AFR Lab) 
SPIN CURRENT GENERATION IN SPINEL-FERRITE/Cu/Pt HETEROSTRUCTURES 

10:15 Mo-3 D. Yue, W. Lin, J. Li, X. Jin, C. L. Chien (JHU/Fudan U) 
SPIN TO CHARGE CONVERSION IN BISMUTH 

 

10:30   AM break 

  Chair: S. Mangin (U Lorraine)   

11:00  Mo-4 
INVITED 

K. Wang (CAS Beijing) 
CONTROL FERROMAGNETS ALL ELECTRICALLY AT ROOM TEMPERATURE 

11:30  Mo-5 
INVITED 

S. Miwa (Osaka U) 
THE ORIGIN OF ELECTRIC-FIELD-INDUCED CHANGE OF MAGNETOCRYSTALLINE ANISOTROPY 
IN METALLIC MULTILAYERED STRUCTURES 

12:00  Mo-6 
BSPF 

M. Ishibashi, K. T. Yamada, Y. Shiota, F. Ando, T. Koyama, H. Kakizakai, H. Mizuno, 
K. Miwa, S. Ono (Kyoto U/ U Tokyo/ CRIEPI/ CSRN) 
ELECTRIC FIELD EFFECT ON EXCHANGE INTERACTION IN ULTRA-THIN Co FILMS WITH IONIC 
LIQUIDS 
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12:15  Mo-7 J. Ko, J. Hong (Yonsei U)  
ENHANCEMENT OF VOLTAGE-CONTROLLED MAGNETIC ANISOTROPY EFFECT IN MgO/CoFeB-
BASED MAGNETIC TUNNEL JUNCTIONS BY WAY OF INTERFACE RECONSTRUCTION 

12:30  
 

Lunch break 

 
 

Chair: C.M. Schneider (FZ Jülich) 

13:30  Mo-8 
INVITED 

M. Müller (FZ Jülich/ TU Dortmund) 
MAGNETICALLY TUNABLE ELECTRON CONFINEMENT AT OXIDE INTERFACES 

14:00  Mo-9 
BSPF 

J. Lucassen, C. F. Schippers, L. Rutten, D. S. Han, R.A. Duine, H. J. M. Swagten, B. 
Koopmans, R. Lavrijsen (TU Eindhoven/ Utrecht U) 
OPTIMIZING PROPAGATING SPIN WAVE SPECTROSCOPY AS A TECHNIQUE TO DETERMINE THE 
DZYALOSINKSII-MORIYA INTERACTION 

14:15  Mo-10 N.-J. Steinke, L. B. Duffy1,2, J. A. Krieger3, A. I. Figueroa4, K. Kummer5, T. Lancaster6, 
P. J. Baker, V. N. Strocov, Z. Salman, G. van der Laan, T. Hesjedal (RAL/U Oxford/ PSI/ DLS/ 
ESRF/ Durham U) 
MAGNETIC ORDER IN TOPOLOGICAL INSULATOR THIN FILMS: TRANSITION METAL VS RARE 
EARTH DOPING 

14:30  Mo-11 G. Chen, B. Zimmermann, J.M. Shaw, A.K. Schmid, K. Liu, S. Blügel, H. T. Nembach 
(UC Davis/ FZ Jülich/ NIST/ LBNL) 
ANISOTROPIC DZYALOSHINSKII-MORIYA INTERACTION FOR THE EPTIAXIAL Fe/Pt(110) SYSTEM 
WITH C2v SYMMETRY 

14:45  Mo-12 
BSPF 

A. Stellhorn, A. Sarkar, E. Kentzinger, S. Schröder, M. Waschk, G. Abuladze, P. Schöffmann, Z. 
Fu, V. Pipich, T. Brückel (FZ Jülich) 
INTERFACE EFFECTS IN SUPERCONDUCTOR-FERROMAGNET HETEROSTRUCTURES 

15:00  
 

PM break 

 
 

   

15:30-
18:00  

 

 

Poster session I 

POSTER I 

  
Mo-1 
BSPF 

J. Vanherck, B. Sorée, W. Magnus (U Antwerp/ KU Leuven) 
MAGNETIC REORIENTATION IN ANISOTROPIC HEISENBERG FERROMAGNETS 

Mo-2 S.K. Oh, N.A. Kalanda, S.-C. Yu, D.-H. Kim, S.E. Demyanov, A.V. Petrov (Chungbuk U/ NAS Belarus) 
GALVANOMAGNETIC PROPERTIES OF THE Si/SiO2/Ti/Pt/Sr2FeMoO6-δ/Al2O3/Sr2FeMoO6- δ 
HETEROSTRUCTURE 

Mo-3 O. Yildirim, M. A. Marioni, C. V. Falub, D. Jaeger, H. Rohrmann, H. J. Hug (EMPA/ Evatec AG) 
TUNING PERPENDICULAR MAGNETIC ANISOTROPY IN Co\Pt MULTILAYERS: CRYSTALLINE TEXTURE VS. 
INTERFACE QUALITY 

Mo-4 C. Cui, J. Guo, W. Yang, L. Kang, Y. Zhang, Y. Li (Hebei U) 
DUAL PHASE Fe2Tb/Co2Tb MAGNETIC NANOWIRE ARRAYS PREPARED BY ELECTROCHEMICAL 
DEPOSITION 
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Mo-5 M. Waschk, J. Voigt, P. Zakalek, J. Barthel, T. Brückel (FZ Jülich) 
INFLUENCE OF GROWTH KINETICS ON INTERFACE STRUCTURE AND MAGNETISM IN La1/3Sr2/3FeO3 / 
La2/3Sr1/3MnO3 HETEROSTRUCTURES 

Mo-6 M.S. Anwar (IIT Delhi) 
TUNABLE EXCHANGE BIAS EFFECT IN HARD/SOFT FERROMAGNETIC BILAYER 

Mo-7 O. Inyang, L. Bouchenoire, M. Tokac, R. Rowan-Robinson, B. Nicholson, D. Atkinson, C. Kinane, A. 
Hindmarch (Durham U/ ESRF/ RAL) 
TEMPERATURE DEPENDENCE MAGNETIC PROXIMITY EFFECT IN Pt/CoFeTaB/Pt TRILAYER 

Mo-8 Y. Zhao, L. Xie, H. Sun, X.-P. Ma, H.-G. Piao, L. Pan (China Three Gorges U/ Southern U Sci&Tech/ TU 
Denmark) 
MAGNETIC PROPERTIES OF PERMALLOY NANOWIRE ARRAYS PREPARED BY ELECTROCHEMICAL 
DEPOSITION 

Mo-9 G. Gubbiotti, X. Zhou, Z. Haghshenasfard, M. G. Cottam, A.O. Adeyeye, M. Kostylev (CNR-IOM/, NUS/, 
UWO/ UWA) 
RECONFIGURABLE MAGNONIC BAND STRUCTURE IN Py/Cu/Py NANOWIRES 

Mo-10 X.-P. Ma, H-G. Piao, C.-Y. You, D.-H. Kim (China Three Gorges U/ Chungbuk U)  
ASYMMETRIC WALKER BREAKDOWN IN TRAPEZOID-CROSS-SECTION FERROMAGNETIC NANOSTRIPS 

Mo-11 H. Brueckl, A. Shoshi, M.J. Haslinger, T. Mitteramskogler, M. Muehlberger, J. Schotter, S. Schrittwieser 
(Danube U/ PROFACTOR GmbH/ AIT) 
MAGNETIC DESIGN OF MULTI-COMPONENT NANOPROBES FOR BIOMOLECULAR DIAGNOSTICS 

Mo-12 N. J. Whitehead, S. A. R. Horsley, T.G. Philbin, A.N. Kuchko, V. V. Kruglyak (U Exeter/ Inst. Magnetism 
Kiev) 
THEORY OF LINEAR SPIN WAVE EMISSION FROM A BLOCH DOMAIN WALL 

Mo-13 W. Li, S. Yu, Y. Wang, Y. Li, Y. Hu, M. Zhu (Shanghai U) 
CRYSTAL FACET ENGINEERING MODIFICATION OF THE NANOMAGNETISM OF TRANSITION METAL OXIDES 

Mo-14 Dróżdż P., Ślęzak M., Matlak K., Matlak B., Freindl K., Wilgocka-Ślęzak D., Spiridis 
N., Korecki J., Ślęzak T.  (AGH Cracow/ Jerzy Haber Inst PAS) 
SWITCHING OF CO MAGNETIZATION DRIVEN BY ANTIFERROMAGNETICFERROMAGNETIC PHASE 
TRANSITION OF FERH ALLOY IN CO/FERH BILAYERS 

Mo-15 M. Ślęzak, T. Ślęzak, P. Dróżdż, K. Matlak, J. Korecki  (AGH Cracow/ Jerzy Haber Inst PAS) 
ADSORPTION INDUCED IN PLANE MAGNETIC ANISOTROPY IN EPITAXIAL BCC Co/Fe FILMS 

Mo-16 
BSPF 

R.R. Das, Santhosh P.N. (IIT Mumbai) 
LARGE EXCHANGE BIAS IN RUDDLESDEN-POPPER LAYERED SYSTEM AND THE IMPORTANCE OF 
COMPETING MAGNETIC INTERACTIONS 

Mo-17 V. Puliafito, M. Carpentieri, B. Azzerboni, V. Tiberkevich, A. Slavin, G. Finocchio (U Messina/ Politecnico 
Bari/ Oakland U) 
MICROMAGNETIC ANALYSIS OF THE EXCITED DYNAMICS IN AN ANTIFERROMAGNETIC SPIN-HALL 
OSCILLATOR 

Mo-18 H. Xia, C. Won, M. Yan, S. Huang, C. Zhou, H. Zhao,  Y. Wu (Fudan U/ Kyung Hee U/ Shanghai U) 
SPIN DOPPLER EFFECT INDUCED BY INTERFACIAL DZYALOSHINSKII-MORIYA INTERACTION 

Mo-19 A. Yamaguchi, T. Ogasawara, Y. Utsumi, K. Yamada, A. Nakao (U Hyogo/ AIST/ Gigu U/ RIKEN) 
THE STUDY ON THE GENERATION OF MAGNETIC ANISOTROPY INDUCED BY THE HETEROJUNCTION 
BETWEEN FERROMAGNETIC AND FERROELECTRIC MATERIALS 

Mo-20 M. Jurczyszyn, K. Maćkosz, J. Stępień, M. Waśniowska, A. Quer, M. Kallaene, K. Rossnagel, I. 
Miotkowski, V. Monteseguro-Padron, A. Kozłowski, Z. Kąkol, M. Sikora, M. Przybylski (AGH Cracow/ U 
Kiel/ Purdue U/ ESRF) 
DOPANTS AND DEFECTS IN Bi2Se3 OBSERVED BY SURFACE AND LOCAL PROBES 

Mo-21 K. Załęski, E. Coy, M. Kempiński, H.-P. Schönherr, J.M.J. Lopes , J. Herfort, F. Stobiecki (Adam 
Mickiewicz U/ PDI Berlin/ PAS Poznan) 
STRUCTURAL AND MAGNETIC PROPERTIES OF Co2FeSi HEUSLER ALLOY THIN FILMS GROWN ON 
GRAPHENE AND HOPG 

Mo-22 O. Kuschel, J. Rodewald, J. Thien, R. Buß, T. Kuschel, K. Kuepper, J. Wollschläger (U Osnabrueck/ 
Bielefeld U) 
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REACTIVE SOLID PHASE EPITAXY OF ULTRATHIN FERRITE FILMS: STRUCTURE; ELECTRONIC AND 
MAGNETIC PROPERTIES 

Mo-23 T. Nagahama, Y. Goto, M. Araki, T. Yanase, S. Toshihiro, M. Tsujikawa, M. Shirai (Hokkaido U/ Tohoku 
U)  
FABRICATION OF METASTABLE B2 Fe1-xSnx FILMS BY EPITAXIAL GROWTH ON MgO(001) 

Mo-24 F. L. Zeng, Z. Y. Ren, Y. Li, J. Y. Zeng, M. W. Jia, W. Zhang, A. Hoffmann, Z. Yuan, Y. Z. Wu (Fudan U/ 
Beijing Normal U/ Oakland U/ ANL) 
GIANT CURRENT-ORIENTATION EFFECT OF MAGNETORESISTANCE IN SINGLE CRYSTAL FECO(001) ALLOY 
FILMS 

Mo-25 W.-S. Ham, S. Kim, Y. Shiota, T. Moriyama, T. Ono (Kyoto U/ U Ulsan/ Osaka U) 
SPIN-ORBIT TORQUE IN [Co/W/Pt] SUPERLATTICES 

Mo-26 C. Swindells, A. Hindmarch, A. Gallant,  D. Atkinson (Durham U) 
INFLUENCE OF AMORPHOUS AND CRYSTALLINE INTERFACIAL STRUCTURE WITH VARYING HEAVY METAL 
THICKNESS ON SPIN MIXING CONDUCTANCE 

Mo-27 J. L. Palma, A. Pereira, R. Álvaro, J. M. García-Martín, J. Escrig (UC Chile/ CEDENNA/ IMN/CNM/ USACH) 
MAGNETIC PROPERTIES OF FE3O4 ANTIODTS ARRAYS SYNTHESIZED BY ATOMIC LAYER DEPOSITION AND 
FOCUSED ION BEAM LITHOGRAPHY 

Mo-28 T. Joshi, D. Belanger, D. Lederman (UC Santa Cruz) 
STUDY OF MAGNETIC PHASE TRANSITION IN LaCoO3 AND La0.7Sr0.3CoO3 THIN FILMS GROWN BY 
PULSED LASER DEPOSITION 

Mo-29 Fripp, K.G., Poimanov V.D.,Mushenok, F.B., Ogrin, F.Y., Kruglyak, V.V. (U Exeter/ Donetsk Natl U) 
FANO-RESONANCE BASED NANOSCALE SPIN-WAVE TRANSDUCER, VALVE AND PHASE SHIFTER IN 
DAMON-ESHBACH GEOMETRY 

Mo-30 T. Nishimura, D.-H. Kim, Y. Hirata, T. Okuno, Y. Futakawa, H. Yoshikawa, A. Tsukamoto, Y. Shiota, T. 
Moriyama, T. Ono (Kyoto U/ Nihon U/ Osaka U) 
CORRELATION BETWEEN MAGNETIC PROPERTIES AND DEPINNING FIELD IN FIELD-DRIVEN DOMAIN WALL 
DYNAMICS IN GdFeCo FERRIMAGNETS 

Mo-31 K.-W. Lin, C.-L. Huang, Y.-L. Huang, J.-L. Tsai, T.-H. Wu, E. Skoropata, J. van Lierop (NCHU Taichung/ 
NYUST Douliu/ U Manitoba) 
MICROSTRUCTURAL AND MAGNETIC CHARACTERIZATION OF MNBI THIN FILMS 

Mo-32 N. Lei, D. Wei, Y. Tian, G. Dong, X. Jin (Beihang U/ Fudan U) 
INTERFACIAL MANIPULATION OF MAGNETIC ANISOTROPY IN Ni/Cu3Au1(001) 

Mo-33 S. R. Yang, C. C. Chen, Y. T. Fanchiang, C. C. Tseng, K. H. M. Chen, C. N. Wu, C. K. Cheng, M. Hong, J. 
Kwo (NTSU hsinchu/ NTU Taipei) 
MAGNETIC PROXIMITY EFFECT INDUCED NEGATIVE MAGNETORESISTANCE IN Bi2Se3/THULIUM IRON 
GARNET HETEROSTRUCTURES 

Mo-34 P. J. Ryan, Y. Choi, G. E. Sterbinsky, J. C. Woicik, J-H. Lee, D. Schlom, S. Brown, P. Thompson, P. 
Normile, J. Lang, J-W. Kim (ANL/ NIST/ Cornell U/ U Liverpool/ IRICA/ Dublin City U) 
ORBITAL SHAPING INDUCED UNIAXIAL MAGNETIC ANISOTROPY IN THE RARE-EARTH EuTiO3 

Mo-35 B. Sharif, S. A. Morley, T. Joshi, D. Lederman (UC Santa Cruz) 
GROWTH AND MAGNETIC BEHAVIOR OF Cu2OSeO3 THIN FILMS 

Mo-36 B. Fang, M. Carpentieri, P. K. Amiri, G. Finocchio, Z. Zeng (Suzhou Inst/ Polytecnic Bari/ NWU/ U 
Messina) 
BROADBAND SPINTRONICS DIODES FOR ENERGY HARVESTING 

Mo-37 
BSPF 

S. Bhatti, C. Ma, X.X. Liu, S.N. Piramanayagam (NTU Singapore/ Shinshu U) 
STRESS INDUCED DOMAIN WALL MOTION FOR ENERGY HARVESTING 

Mo-38 R. Tomasello, A. Giordano, V. Puliafito, S. Chiappini, M. Carpentieri, G. Finocchio (U Messina/ Ist Natl 
Roma/ Politecnico Bari) 
CONTROL OF THE SKYRMION HALL ANGLE BY COMBINING SPIN-HALL EFFECT, BREATHING MODE AND IN-
PLANE FIELD 
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Tuesday, July 23, 2018 

   

08:00  Registration 

   

9:00-
12:00 

 Social networking event 

   

12:30  
 

Lunch break 

  Chair: L. Heyderman (PSI/ETHZ) 

13:30 Tu-1 
INVITED 

R. Stamps, R. Macedo, I. Proskurin (U Manitoba/ Glasgow U) 
NATURALLY HYPERBOLIC AND CHIRALITY TOO: THE OPTICS OF ANTIFERROMAGNETS 

14:00 Tu-2 
INVITED 

J. Železný (CAS) 
SPIN CURRENTS IN NON-COLLINEAR ANTIFERROMAGNETS 

14:30 Tu-3 M. Jourdan, S. Yu. Bodnar, L. Smejkal, I. Turek, T. Jungwirth, O. Gomonay, J. 
Sinova, A.A. Sapozhnik, H.-J. Elmers, M. Kläui (U Mainz/ CAS/ Cahrles U/ U Nottingham) 
WRITING AND READING ANTIFERROMAGNETIC MN2AU: NÉEL SPIN-ORBIT TORQUES AND 
LARGE AMR 

14:45  Tu-4 C. Song, X. Zhou, P. Zhang, X. Chen, G. Shi, F. Pan (Tsinghua U) 
CURRENT-DRIVEN SWITCHING OF ANTIFERROMAGNETS 

15:00   PM break 

  Chair: O. Chubykalo-Fesenko (CSIC Madrid) 

15:30  Tu-5 
INVITED 

D. Makarov (HZDR) 
SPINTRONICS OF THIN FILM GRANULAR ANTIFERROMAGNETS 

16:00  Tu-6 F.F. Chang, Z.Z. Luan, P. Wang, L.F. Zhou, J.F.K. Cooper, C.J. Kinane, S. Langridge, D. Wu, T. 
Zhu (CAS/ Nanjing U/ RAL) 
SPIN FLOP INTERLAYER COUPLING IN YIG/NiO/Pt TRILAYERS OBSERVED BY POLARIZED 
NEUTRON REFLECTOMETRY 

16:15  Tu-7 Y. C. Liu, Y. T. Fanchiang, C. C. Tseng, C. C. Chen, J. G. Lin, S. F. Lee, M. Hong, J. Kwo 
(NTHU/ NTU/ Academica Sinica) 
SPIN TRANSPORT AND SPIN-TO-CHARGE CURRENT CONVERSION IN Bi2Se3/Au-BASED 
HETEROSTRUCTURE 

16:30  Tu-8  
BSPF 

T. Li, S. Kim, S.-J. Lee, S.-W. Lee, T. Koyama, D. Chiba, T. Moriyama, K.-J. Lee, K.-J. Kim, T. 
Ono (Kyoto U/ Korea U/ U Tokyo/ KAIST/ Osaka U) 
ORIGIN OF THRESHOLD CURRENT DENSITY FOR ASYMMETRIC MAGNETORESISTANCE IN 
Pt/Py BILAYERS 

16:45  Tu-9 K. Zeissler, K. Shahbazi, J. Massey, S. Finizio, J. Raabe, M. Rosamond, E. H. Linfield, T. A. 
Moore, G Burnell, C. H. Marrows (U Leeds/ PSI) 
SIZE-DEPENDENT AND -INDEPENDENT HALL RESISTIVITY CONTRIBUTIONS FROM NÉEL 
SKYRMIONS IN MULTILAYER NANODISCS 

17:00  Tu-10 T. Seki, W. Zhou, T. Kubota, K. Takanashi (Tohoku U) 
SPIN-HALL MAGNETORESISTANCE IN Pt / Co-Gd / Cr LAYERS 
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17:15  Tu-11 R. A. Procter, F. Magnus, R. Moubah, V. Kapaklis, G. Andersson, C. Sánchez-Hanke, B. 
Hjörvarsson, T. P. A. Hase (Warwick U/ Uppsal U/ BNL/ DLS) 
MAGNETIC LEVERAGE EFFECTS IN AMORPHOUS HETEROSTRUCTURES 

Wednesday, July 24, 2018 

   

08:00  Registration and Poster Session 

  Chair: S. Yuasa (AIST)  

09:00 We-1 
INVITED 

S. Mangin (U Lorraine) 
SINGLE FEMTO-SECOND LIGHT PULSES TO SWITCH MAGNETISATION 

09:30 We-2  Y.K. Takahashi, R. Mandal, J.W. Jung, Z.C. Wen, K. Masuda, H. Sukegawa, Y. Sakuraba, Y. 
Miura, S. Kasai, T. Ohkubo, S. Mitani and K. Hono (NIMS Tsukuba) 
GILBERT DAMPING ON THE ULTRA-THIN PMA FILMS 

09:45 We-3  N. Awari, S. Kovalev, A. Semisalova, B. Green, K. Neeraj, D. Polley, M. Hudl, P. 
Arekapudi, S.-H. Yang, M. Samant, S.S.P. Parkin, O. Hellwig, M. Gensch, S. Bonetti (HZDR/ 
Stockholm U/ IBM Almaden/ MPI Halle) 
SPIN DYNAMICS DRIVEN BY NARROW-BAND TERAHERTZ RADIATION IN THIN FILM 
FERROMAGNETS 

10:00  We-4  M.L.M. Lalieu, M.J.G. Peeters, R. Lavrijsen, B. Koopmans (TU Eindhoven) 
SINGLE-PULSE ALL-OPTICAL SWITCHING OF SYNTHETIC FERRIMAGNETS FOR SPINTRONIC 
INTEGRATION 

10:15 We-5  F.C. Ummelen, T. Lichtenberg, R. Lavrijsen, H.J.M. Swagten (TU Eindhoven) 
UNEXPECTED DIRECTION FOR SKYRMION MOTION 

10:30   AM break 

  Chair: K. Takanashi (U Tohoku) 

11:00  We-6 
INVITED  

A.O. Adeyeye, L.L. Xiong (NUS) 
DYNAMIC BEHAVIORS OF MODULATED AND HOMOGENOUS FERROMAGNETIC NANOWIRES 

11:30  We-6 
INVITED 

A.V. Chumak (TU Kaiserslautern) 
INTEGRATED MAGNONIC HALF-ADDER 

12:00  We-8  G. Gubbiotti, L.L. Xiong, F. Montoncello, L. Giovannini, A.O. Adeyeye (U Perugia/ NUS/ U 
Ferrara) 
COLLECTIVE SPIN WAVES IN ARRAYS OF PERMALLOY NANOWIRES WITH SINGLE- AND 
DOUBLE-SIDE PERIODICAL WIDTH-MODULATION 

12:15 We-9  G. Dieterle, J. Förster, H. Stoll, A. S. Semisalova, S. Finizio, A. Gangwar, M. Weigand, 
M. Noske, M. Fähnle, I. Bykova, D. A. Bozhko, H. Y. Musiienko-Shmarova, V. Tiberkevich, A. 
Slavin, C. Back, J. Raabe, G. Schütz, S. Wintz (MPI Stuttgart/ HZDR/ PSI/ U Regensburg/ TU 
Kaiserslautern/ Oakland U) 
COHERENT EXCITATION OF HETEROSYMMETRIC SPIN WAVES 

12:30   Lunch break  

  Chair: A. Adeyeye (NUS) 

13:30  We-10 
INVITED  

A. Fernández-Pacheco, D. Sanz-Hernández, L. Skoric, A. Welbourne, J-W. Liao, J. Pablo-
Navarro, C. Magén, J. M. De Teresa, R. Hamans, R. Lavrijsen, J. Fowlkes, P. Rack, R. Streubel, 
M.-Y. Im, P. Fischer (U Cambridge/ U Zaragoza/ TU Eindhoven/ ORNL/ LBNL) 
RECENT DEVELOPMENTS IN 3D-PRINTED MAGNETIC NANOSTRUCTURES 
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14:00  We-11 
INVITED  

C. Donnelly, M. Guizar-Sicairos, V. Scagnoli, S. Gliga, M. Holler, J. Raabe, L. J. Heyderman 
(ETHZ/ PSI/ U Glasgow) 
MAPPING THREE DIMENSIONAL INTERNAL MAGNETISATION STRUCTURES WITH X-RAY 
MAGNETIC NANOTOMOGRAPHY 

14:30  We-12  J. A. Fernandez-Roldan, R. Perez del Real, C. Bran, M. Vazquez, O. Chubykalo-Fesenko (CSIC 
Madrid) 
MAGNETIZATION PINNING IN MODULATED NANOWIRES: FROM TOPOLOGICAL PROTECTION 
TO THE “CORKSCREW” MECHANISM 

14:45  We-13 T. Charlton, E. Guo, A. Herklotz, H. N. Lee, M. R. Fitzsimmons (ORNL/ U Tennessee) 
MAGNETIZATION DEPTH PROFILE IN A MAGNETIC INSULATING FILM UNDER A THERMAL 
GRADIENT 

15:00   PM break 

    

15:30-
18:00  

 

 

Poster session II 

POSTERS II 

  
We-1 S.-C. Yu, N.A. Kalanda, S.K. Oh, D.-H. Kim, S.E.Demyanov, A.V.Petrov (Chungbuk Natl U/ NAS Belarus) 

MAGNETIC PROPERTIES OF Sr2FeMoO6-  THESi/SiO2/Ti/Pt/ Sr2FeMoO6-
HETEROSTRUCTURE 

We-2 A. Pratt, L. Lari, M. Walker, K. Dexter, S. Baker, C. Binns, R. Kröger (U York/ U Leicester) 
CONTROLLING OXIDATIVE STABILITY OF MAGNETIC NANOPARTICLES THROUGH STRAIN ENGINEERING 

We-3 G. Gubbiotti, W.G. Yang, P. Graczyk, M. Krawczyk, S. Dhuey, H. Schmidt (U Perugia/ UC Santa Cruz/ 
AMU Poznan/ LBNL) 
MAGNONIC BAND STRUCTURE IN A THIN PERMALLOY FILM INDUCED BY DYNAMICAL COUPLING WITH A 
TWO DIMENSIONAL ARRAY OF PERMALLOY ELLIPSES 

We-4 D. Go, C. Kim, H.-W. Lee (Pohang U Sci&Tech/ SNU) 
SPIN AND ORBITAL HALL EFFECTS FROM THE DYNAMICAL GENERATION OF THE ORBITAL ANGULAR 
MOMENTUM 

We-5 J. Bailey, J. Förster, S. Finizio, M. Weigand, J. Gräfe, C. Dubs, J. Raabe, G. Aeppli, G. Schütz, S. Wintz 
(EPFL/ PSI/ MPI Stuttgart/ INNOVENT eV/ ETHZ) 
X-RAY LINEAR DICHROISM FOR PROBING MAGNETIC DYNAMICS IN THE LOW-DAMPING FERRIMAGNETIC 
INSULATOR YTTRIUM IRON GARNET 

We-6 H. Brueckl, K. Pruegl, T. Wurft, S. Luber, W. Raberg, J. Zimmer, A. Satz,  D. Suess (Danube U/ Infineon 
Technlogies Austria/ U Vienna) 
THE ROLE OF THERMAL ACTIVATION FOR MAGNETIC VORTEX STATES 

We-7 P. Schöffmann, S. Pütter, J. Schubert, W. Zander, M. Waschk, E. Vezhlev, P. Zakalek, T. Brückel (FZ 
Jülich) 
EFFECTS OF GROWTH CONDITIONS AND POST-ANNEALING ON THE STRUCTURE AND MAGNETIC 
PROPERTIES OF SrCoO3-δ FILMS 

We-8 N. J. Whitehead, F. B. Mushenok, S. A. R. Horsley, T.G. Philbin, V. V. Kruglyak (U Exeter) 
A LUNEBURG LENS FOR SPIN WAVES 

We-9 M. Jaris, W.G. Yang, C. Berk, L. Hibbard-Lubow, H. Schmidt (UC Santa Cruz) 
SIZE DEPENDENT MAGNETIZATION DYNAMICS OF ISOLATED NANOMAGNETS EXCITED BY A 1-D 
PHONONIC GRATING 

We-10 P. Vishwakarma, M. Gupta, D.M. Phase, A. Gupta (Amity U/ UGC-DAE Indore) 
IN-SITU SOFT X-RAY ABSORPTION SPECTROSCOPIC STUDY OF Fe/MgO INTERFACES 
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We-11 
BSPF 

F. Ando, M. Ishibashi, T. Koyama, Y. Shiota, T. Moriyama, D. Chiba, T. Ono (Kyoto U/ U Tokyo/ Osaka U) 
MAGNETIC DOMAIN WRITING DEFINED BY ELECTRICAL GATING IN Pt/Co FILM 

We-12  T. Ikebuchi, T. Moriyama†, H. Mizuno, K. Oda, T. Ono (Kyoto U) 
GILBERT DAMPING CONSTANT IN EXCHANGE BIASED FERROMAGNETIC/ANTIFERROMAGNETIC BILAYERS 

We-13 B. F. Miao, Z. H. Duan, L. Sun, D. Wu, J. Du, H. F. Ding (Nanjing U) 
QUANTIFYING THE LONGITUDINAL SPIN SEEBECK EFFECT COEFFICIENT OF IRON 

We-14 Y. Hirata, D.-H. Kim, T. Okuno, T. Nishimura, D.-Y. Kim, Y. Futakawa, H. Yoshikawa, A. Tsukamoto, K.-J. 
Kim, S.-B. Choe, T. Ono (Kyoyo U/ SNU/ Nihon U/ KAIST/ Osaka U) 
CORRELATION BETWEEN COMPENSATION TEMPERATURES OF MAGNETIZATION AND ANGULAR 
MOMENTUM IN GDFECO FERRIMAGNETS 

We-15 M. Ciria, A. Begué, M G. Proietti, J. I. Arnaudas (CSIC/ U Zaragoza) 
DOMAIN STRUCTURES AND MAGNETIC ANISOTROPIES IN GALFENOL EPITAXIAL FILMS 

We-16 G. P. Müller, N. S. Kiselev, H. Jónsson, S. Blügel (FZ Jülich/ U Iceland) 
SPIN DYNAMICS SIMULATIONS NOW EASIER THAN EVER BEFORE 

We-17 M. Ślęzak, T. Ślęzak, P. Dróżdż, K. Matlak, B. Matlak, J. Korecki (AGH Cracow/ JHI PAS Cracow) 
EXCHANGE BIAS IN CoO/Fe(110) BILAYERS: A FERROMAGNET DRIVES AN ANTIFERROMAGNET 

We-18 H. Tsukahara, H. Imamura (KEK/ AIST) 
INVESTIGATION OF CONDUCTANCE PASS THROUGH MAGNETIC TUNNEL JUNCTION WITH ROCK-SALT 
TYPE ZnO BARRIER LAYER 

We-19 S. Huang, C. Zhou, G. Chen, H. Shen, H. Xia, A.K. Schmid, K. Liu, Y. Wu (Fudan U/ UC Davis/ LBNL) 
ANTISKYRMION INTHE PRESENCE OF ANISOTROPIC DZYALOSHINSKII-MORIYA INTERACTION 

We-20 D. Greving, T.P.A. Hase, E. Östman, U.B. Arnalds, V. Kapaklis, M.A. Verschuuren, L. Bouchenoire, P. 
Thompson, D. Haskel, Y. Choi, B. Hjörvarsson (U Warwick/ Uppsala U/ Philips Res Labs/ U Liverpool/ 
ESRF/ ANL) 
X-RAY SCATTERING FROM MAGNETIC ARRAYS OF NANO-ELEMENTS 

We-21 P. Kuświk, M. Kowacz, F. Lisiecki, M. Matczak, K. Szuba-Jabłoński, N. Michalak, B. Anastaziak, B. 
Szymański, A. Ehresmann, F. Stobiecki (PAS/ Poznan U Tech/ Swansea U/ CINSaT Kassel) 
THE INTERFACIAL DZYALOSHINSKII-MORIYA INTERACTION IN THE EXCHANGE-BIASED Au/Co/NiO 
LAYERED SYSTEM 

We-22 
 

L. Riddiford, S. Emori, J. Wisser, Y. Suzuki (Stanford U/ Virginia Tech) 
Mg(Al, Fe)2O4: A NEW MAGNETIC INSULATOR FOR SPIN PUMPING 

We-23 S. Michea, S. Oyarzún, J. C. Denardin (UA Chile/ U Santiago de Chile) 
EXTRAORDINARY HALL EFFECT IN Pd/[Co-SiO2] MULTILAYER THIN FILMS WITH PERPENDICULAR 
MAGNETIC ANISOTROPY 

We-24 B. Bhoi, B. Kim, J. Kim, Y.-J. Choi, S.-K. Kim (SNU Seoul) 
HYBRIDIZING FERROMAGNETIC MAGNONS TO MICROWAVE PHOTONS IN PLANAR HYBRID INVERTED 
SPLIT-RING RESONATOR/YIG FILM SYSTEM 

We-25 U. Parlak, R. Adam, D. E. Bürgler, S. Nemšák, S. Gang, C. M. Schneider (FZ Jülich) 
OPTICALLY INDUCED MAGNETIZATION REVERSAL DYNAMICS IN (Co/Pt)N MULTILAYERS 

We-26 J. Rodewald, K. Sprenger, O. Kuschel, T. Schemme, T. Kuschel, F. Bertram, K. Kuepper, J. Wollschläger 
(U Osnabrueck/ Bielefeld U/ DESY) 
STRAIN AND INTERFACE INDUCED MAGNETO-CRYSTALLINE ANISOTROPY OF ULTRATHIN EPITAXIAL 
MAGNETITE FILMS 

We-27 Y. Kwak, J. Kim, J. Kim, J. Song (Chungnam National U/ KRISS) 
MAGNETO-TRANSPORT OF FERROMAGNETIC 2-DEGS IN LaAlO3/SrTiO3 HETERO-INTERFACE 

We-28 S. A. Morley, H. Marquez, A. KC, D. Lederman (UC Santa Cruz) 
STRAIN IN ANTIFERROMAGNETIC NaNiF3 THIN FILMS 

We-29 H. Ohldag (SLAC) 
ULTRAFAST AND VERY SMALL: DISCOVER NANOSCALE MAGNETISM WITH PICOSECOND RESOLUTION 
USING X-RAYS 

We-30 
BSPF 

H.-S. Han, S. Lee, N. Kim, M.-Y. Im, Y.-Y. Sang, J.-I. Hong, K.-S. Lee (UNIST/ LBNL/ DGIST) 
SYMMETRY BREAKING OF 3D FLUX-CLOSURE DOMAIN STRUCTURE 

We-31 L. C. Figueiredo, F. Pelegrini, A. Biondo, V. P. Nascimento, E. Baggio-Saitovitch (U Brasilia/ UF Goias/ UF 
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 Espirito Santo/ CBPF Rio de Janeiro) 
GILBERT DAMPING PARAMETER OF NiFe/WTi MULTILAYERS 

We-32 
 

A.R. Pereira, L. C. Figueiredo, F. Pelegrini, M. A. Sousa, I. C. Merino, E. Baggio Saitovitch (UF Goias/ U 
Brasilia/ CBPF Rio de Janeiro) 
FERROMAGNETIC RESONANCE STUDY OF NiFe/Gd/NiFe TRILAYERS 

We-33 
 

F. Pelegrini, L. C. Figueiredo, D. Schafer, J. P. Geshev (UF Goias/ U Brasilia/ UF Rio Grande do Sul) 
LOW FIELD MICROWAVE ABSORPTIONS IN EXCHANGE-BIASED NiFe/IrMn BILAYERS 

We-34  J. Brock, P. Vallobra, R. Medapalli, S. Mangin, E.E. Fullerton (UC San Diego/ U Lorraine) 
DIRECTIONAL GROWTH IN PT/CO/NI MULTILAYERS 

We-35 N. Burdet, A. Wojdyla, S. Roy, K. Goldberg, A. Scholl (LBNL) 
SOFT X-RAY INTERFEROMETRY OF MAGNETIC NANO-MATERIALS AT ALS 

We-36 T.-H. Chuang, C.-H. Huang, C.-I Lu, D.-H. Wie (NSRRC/ Natl Sun-Yat-sen U) 
EVOLUTION OF CHIRAL SPIN STRUCTURES BY OXYGEN ADSORPTION AT ULTRATHIN MAGNETIC 
INTERFACES 

We-37 Y. Cai, H. Wang, D. Tian, X. Jin (Fudan U) 
THE SPIN DIFFUSION LENGTH IN 2D GOLD THIN FILM INVESTIGATED BY WEAK ANTILOCALIZATION 
MEASUREMENTS 

We-38 
BSPF 

N. Kim, H.-S. Han, D.-H. Jung, K.-S. Lee (UNIST) 
BREATHING MODES OF A MAGNETIC SKYRMION ON A DEFECTIVE SURFACE 

We-39 

 
C. Kim, D. Kim, B.S. Chun, K.-W. Moon, C. Hwang (KRISS) 
EVALUATION METHOD FOR FIELD-LIKE TORQUE EFFICIENCY BY MODULATION OF THE RESONANCE FIELD 

 

Thursday, July 26, 2018 

   

08:00  Registration 

  Chair: R. Stamps (U Manitoba) 

09:00 Th-1 
INVITED 

V. Cros, W. Legrand, D. Maccarriello, J. Y. Chauleau, K. Garcia, S. Collin, K. 
Bouzehouane, H. Popescu, C. Moutafis, N. Jaouen, N. Reyren, A. Fert (CNRS Thales/ SOLEIL/ U 
Manchester) 
ROOM TEMPERATURE NUCLEATION, ELECTRICAL DETECTION AND SPIN TORQUE INDUCED 
MOTION OF MAGNETIC SKYRMIONS IN MAGNETIC MULTILAYERS 

09:30 Th-2 
INVITED 

M. Hervé, M. Peter, T. Balashov, W.Wulfhekel (KIT) 
FERROMAGNETIC RESONANCE IN SKYRMIONIC SPIN STRUCTURE USING SPIN POLARIZED 
SCANNING TUNNELING MICROSCOPY 

10:00 Th-3 M. Cinal, M. Dąbrowski, G. Chen, A. K. Schmid, M. Przybylski (PAS Warszawa/ MPI Halle/ U 
Exeter/ LBNL/ AGH Krakow) 
A COMPLEX THEORETICAL DESCRIPTION OF MAGNETIC ANISOTROPY OF Fe FILMS AND ITS 
VARIATION WITH COVERING AND DUE TO QWS CONTRIBUTING AT LOW TEMPERATURES 

10:15  Th-4 
BSPF 

Q. L. Li, C. Zheng, R. Wang, K. X. Xie, X. X. Li, B. F. Miao, R. X. Cao, L. Sun, D. Wu, Y. Z. Wu, S. 
C. Li, B. G. Wang, H. F. Ding (Nanjing U/ Fudan U) 
ROLE OF THE SURFACE STATE IN THE KONDO EFFECT OF COBALT SINGLE ADATOMS ON SILVER 
(111) 

10:30   AM break and Poster Session 

  Chair: A. Chumak (TU Kaiserslautern)  

11:00  Th-5 
INVITED 

P. Sutcliffe (Durham U) 
MAGNETIC HOPFIONS 

SC
H

ED
U

LE

- 21 -



11:30  Th-6 
INVITED 

J. Zang (U New Hampshire) 
TOPOLOGICAL SPIN TEXTURES IN CHIRAL MAGNETS: FROM 2D TO 3D 

12:00  Th-7 
BSPF 

N. Kent, R. Streubel, C.-H. Lambert, S. Dhuey, M.-Y. Im, P. Fischer (LBNL/ UC Santa Cruz) 
IMPRINTING AND TOPOLOGICAL SPIN TEXTURES IN THIN DMI MULTILAYERS 

12:15 Th-8 M. Hoffmann, B. Zimmermann, G.P. Müller, D. Schürhoff, N.S. Kiselev, C. Melcher, S. Blügel 
(FZ Jülich/ U Iceland/ RWTH Aachen) 
ANTISKYRMIONS STABILIZED BY ANISOTROPIC DZYALOSHINSKII-MORIYA INTERACTION AT 
INTERFACES OF LOW SYMMETRY 

12:30   Lunch and Poster Session  

  Chair: Y. Suzuki (U Osaka)  

13:30  Th-9 
INVITED 

M. H. Seaberg, B. Holladay, J. C. T. Lee, M. Sikorski, A. H. Reid, S. A. Montoya, G. L. Dakovski, 
J. D. Koralek, G. Coslovich, S. Moeller, W. F. Schlotter, R. Streubel, S. D. Kevan, P. Fischer, E. 
E. Fullerton, J. L. Turner, F.-J. Decker, S. K. Sinha, S. Roy, J. J. Turner (SLAC/ UC San Diego/ UO 
Eugene/ LBNL) 
MAGNETIC SKYRMION FLUCTUATIONS 

14:00  Th-10 
BSPF 

M. Xu, J. Puebla, F. Auvray, B. Rana, K. Kondou, Y. Otani (U Tokyo/ RIKEN) 
CHARACTERIZATION OF COUPLING BETWEEN MECHANICAL ANGULAR MOMENTUM AND 
ELECTRON SPIN 

14:15  Th-11 X. M. Chen, B. Farmer, J. S. Woods, J. C. T Lee, S. D. Kevan, L. E. De Long, S. Roy, J. T. Hastings 
(LBNL/ U Kentucky) 
THERMALLY INDUCED SPONTANEOUS AF SUPER-DOMAIN WALL FLUCTUATIONS IN ARTIFICIAL 
SPIN ICE 

14:30  Th-12 
BSPF 

L. Caretta, M. Mann, F. Büttner, K. Ueda, B. Pfau, C.M. Günther, P. Hessing, A. Churikova, C. 
Klose, M. Schneider, D. Engel, C. Marcus, D. Bono, K. Bagschick, S. Eisebitt, G.S.D. Beach 
(MIT/ MBI Berlin/ TU Berlin/ DESY) 
ULTRAFAST AND ULTRASMALL: DOMAIN WALLS AND SKYRMIONS IN COMPENSATED 
FERRIMAGNETIC THIN FILMS 

14:45 Th-13 S. Rohart, A. Hrabec, V. Krizakova, S. Pizzini, J. Sampaio, A. Thiaville, J. Vogel (U Paris-Sud/ 
CNRS) 
VELOCITY ENHANCEMENT BY SYNCHRONIZATION OF MAGNETIC DOMAIN WALLS 

15:00   PM break and Poster Session 

  Chair: S. Majetich (CMU)  

15:30  Th-14 
INVITED 

S.-H. Yang (IBM Almaden) 
CHIRAL SPINTRONICS 

16:00  Th-15 J.Y. Chauleau, W. Legrand, N. Reyren, D. Maccariello, S. Collin, H. Popescu, K. Bouzehouane, 
V. Cros, N. Jaouen, A. Fert (SOLEIL/ CNRS Thales) 
CHIRALITY IN MAGNETIC MULTILAYERS PROBED BY THE SYMMETRY AND THE AMPLITUDE OF 
DICHROISM IN XRMS 

16:15  Th-16 R. Streubel, C.-H. Lambert, N. Kent, P. Ercius, A.T. N’Diaye, C. Ophus, S. Salahuddin, P. 
Fischer (LBNL/ UC Berkeley/ UC Santa Cruz) 
CHIRAL FERRIMAGNETISM IN AMORPHOUS Gd-Co FILMS 

16:30 Th-17 
BSPF 

I. Lemesh, K. Litzius, M. Kläui, G.S. D. Beach (MIT/ U Mainz) 
CURRENT-INDUCED SKYRMION GENERATION THROUGH MORPHOLOGICAL PHASE 
TRANSITIONS IN CHIRAL FERROMAGNETIC HETEROSTRUCTURES 
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16:45 Th-18 H.-S. Han, S. Lee, D.-H. Jung, N. Kim, K.-S. Lee (UNIST) 
THE THREE-DIMENSIONAL NATURE IN MAGNETIC VORTEX DYNAMICS 

17:00 Th-19 U. Ritzmann, S. von Malottki, J.-V. Kim, S. Heinze, J. Sinova, B. Dupé (U Mainz/ Uppsala U/ 
CAU Kiel/ CNRS) 
TROCHOIDAL MOTION AND PAIR GENERATION IN SKYRMION AND ANTISKYRMION DYNAMICS 
DRIVEN BY SPIN-ORBIT TORQUES 

17:15 
 

 

Th-20 O.A. Tretiakov, M. N. Potkina, I. S. Lobanov, V. M. Uzdin, H. Jonsson (Tohoku U/ St 
Petersburg State U/ U Iceland/ ITMO Univ) 
ANTISKYRMIONS IN FERROMAGNETS AND ANTIFERROMAGNETS 

Friday, July 27, 2018 

   

08:00  Registration 

  Chair: M. Przybylski (AGH Cracow) 

09:00 Fr-1  P. D. Bentley, S. P. Tear, A. Ferreira, A. Pratt (U York)  
PROXIMITY-INDUCED EFFECTS DURING SURFACTANT CONTROLLED GROWTH OF Fe ON 
GRAPHENE/SiC 

09:15 FR-2 
 

M. Valvidares, P. Gargiani, L. Melo, P. Perna, J. Camarero, R. Cuadrado, M. Pruneda, F. 
Sanchez (ALBA/ UAB) 
GRAPHENE-BASED SYNTHETIC FERRIMAGNETS, ANTIFERROMAGNETS AND EXCHANGE-BIASED 
ULTRATHIN-FILM STRUCTURES 

09:30 FR-3  N. Satchell, N.O. Birge (MSU/ U Leeds) 
SUPERCURRENT IN FERROMAGNETIC JOSEPHSON JUNCTIONS WITH HEAVY METAL 
INTERLAYERS 

10:45  FR-4 R. M. Rowan-Robinson, J. Brandão, A.A. Stashkevich, Y. Roussigné, M. Belmeguenai, S-M. 
Cherif, A. Thiaville, S. Azzawi, T. P. A. Hase, A. T. Hindmarch, D. Atkinson (U Durham/ U Paris/ 
U Paris-Sud/ U Warwick/ Uppsala U/ Campinas) 
FERROMAGNETIC/NON-MAGNETIC INTERFACES & MAGNETISATION SWITCHING - PROXIMITY 
MAGNETISATION, DMI & DAMPING EFFECTS 

10:00 FR-5 
INVITED 

C. Gong, X. Zhang (UC Berkeley) 
DISCOVERY OF INTRINSIC FERROMAGNETISM IN 2D VAN DER WAALS CRYSTALS 

10:30   AM break 

  Chair: C.H. Marrows (U Leeds) 

11:00  FR-6 
INVITED 

R. J. Snow, H. Bhatkar, A. T. N’Diaye, E. Arenholz, Y. U. Idzerda (MSU/ LBNL) 
LARGE MOMENTS IN BCC FexCoyMnz TERNARY ALLOY THIN FILMS 

11:30  FR-7 W. Hüttenes, M. Cialone, M. Coïsson, T. Franks-Moore, P. Tiberto, P. Rizzi, A.L. Greer, Z.H. 
Barber (U Cambridge/ INRIM/ U Torino) 
MEASURING, OPTIMISING AND APPLYING MAGNETOSTRICTIVE Fe-Al THIN FILMS 

11:45  FR-8 D.J. Keavney, Y. Choi, M.V. Holt, V. Uhlíř, D. Arena, E.E. Fullerton, P.J. Ryan, J.- 
W. Kim (ANL/ UC San Diego/ USF) 
PHASE COEXISTENCE AND KINETIC ARREST IN THE MAGNETOSTRUCTURAL TRANSITION OF 
THE ORDERED ALLOY FeRh 
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12:00 FR-9 G. E. Sterbinsky, R. Nanguneri, J. X. Ma, J. Shi, E. Karapetrova, J. C. Woicik, H. Park, J.-W. 
Kim, P. J. Ryan (ANL/ UI Chicago/ UC Riverside/ NIST/ Dublin City U) 
INTERPLAY BETWEEN STRUCTURE, CHARGE, AND SPIN IN EPITAXIAL LANTHANUM COBALTITE 

12:15 FR-10 T. Okuno, D.-H. Kim, S.-H. Oh, S. K. Kim, Y. Hirata, T. Nishimura, Y. Futakawa, H. Yoshikawa, 
A. Tsukamoto, Y. Tserkovnyak, Y. Shiota, T. Moriyama, K.-J. Kim, K.-J. Lee, T. Ono (Kyoto U/ 
Korea U/ UCLA/ Nihon U/ KAIS/ Osaka U) 
SPIN-TRANSFER TORQUES IN THE VICINITY OF THE ANGULAR MOMENTUM COMPENSATION 
TEMPERATURE OF FERRIMAGNETIC GdFeCo 

12:30   Lunch break  

  Chair: X. Jin (Fudan U)  

13:30  FR-11 
INVITED 

A.M. Deac (HZDR) 
TOWARDS THz SPIN-TORQUE OSCILLATORS 

14:00  FR-12 W. G. Yang, M. Jaris, C. R. Berk, H. Schmidt (UC Santa Cruz) 
PREFERENTIAL ‘COLD EXCITATION’ OF A SINGLE NANOMAGNET USING MAGNETO-ELASTIC 
COUPLING 

14:15  FR-13 K. Zakeri (KIT) 
ON THE TEMPERATURE DEPENDENCE OF TERAHERTZ SPIN EXCITATIONS IN ULTRATHIN 
FERROMAGNETS 

14:30 FR-14 
INVITED 

S. Fukami, C. Zhang, Y. Takeuchi, Y. Takahashi, B. Jinnai, H. Ohno (Tohoku U) 
SPIN-ORBIT TORQUE INDUCED MAGNETIZATION SWITCHING FOR HIGH-SPEED NONVOLATILE 
MEMORIES 

15:00   Concluding remarks 
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PETER GRÜNBERG AND THE ICMFS 
 

C.M. Schneider1,2 

 
1Peter Grünberg Institut (PGI-6), Forschungszentrum Jülich GmbH, Jülich, Germany 

2Physics Department, University of California at Davis, Davis, USA 
 

Peter Grünberg received his diploma in physics in 1966 and his Ph.D. in 1969 at Darmstadt 
University of Technology. From 1969 to 1972, he did postdoctoral work at Carleton 
University in Ottawa, Canada in the field of Raman scattering. With this background he then 
joined the Institute for Solid State Physics at Forschungszentrum Jülich, where he established 
magnetooptical techniques and most notably Brillouin light scattering to study magnetism. 
After an extended research stay at Argonne in 1984 he established the first molecular beam 
epitaxy system for metals in Jülich. This system finally enabled him to prepare magnetic 
ultrathin films with at that time unprecedented quality. The result of all these experimental 
efforts was the discovery of the oscillatory interlayer exchange coupling in 1986 [1].   

The ICMFS has played a particularly important role in Peter’s scientific life. It was during the 
ICMFS 1988 meeting in Le Creusot (France) that both Peter [2] and Albert Fert [3] 
independently reported about the first observation of a surprisingly high magnetotransport in 
interlayer-coupled magnetic layer stacks. This phenomenon – coined Giant Magneto-
Resistance or GMR – changed our perception of spin-dependent transport processes. Its 
discovery was awarded with the Nobel Prize in Physics to Peter Grünberg and Albert Fert in 
2007, and gave birth to a new scientific research direction: Spintronics. Although the actual 
discoveries were made in Paris and Jülich, ICMFS 1988 has had the privilege of seeing GMR 
becoming public.  

Peter continued his successful work in Jülich and regularly visited ICMFS also after his 
retirement in 2004. Acknowledging his achievements he was given the first ever Helmholtz 
professorship. He used this professorship to further pursue research in the field of spintronics. 
Furthermore, he held a multitude of lectures both in Germany and abroad, and supported the 
development of laboratories for spintronics research at universities in South Korea and in China. 

[1] P. Grünberg, R. Schreiber, Y. Pang, M.B. Brodsky, and H. Sowers, Phys. Rev. Lett., 
1986. 57(19): p. 2442  

[2]  G. Binasch, P. Grünberg, F. Saurenbach, and W. Zinn, Phys. Rev. B, 1989. 39(7): p. 4828. 

[3] M.N. Baibich, J.M. Broto, A. Fert, F.N. Vandau, F. Petroff, P. Eitenne, G. Creuzet, A. 
Friederich, and J. Chazelas, Phys. Rev. Lett., 1988. 61(21): p. 2472 

 

                  

 
  

Peter Grünberg (1939 – 2018) 
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IN MEMORY OF PROF. PETER GRÜNBERG 
 

K. Takanashi1,2 

 
1Institute for Materials Research, Tohoku University, Sendai, JAPAN 

2Center for Spintronics Research Network, Tohoku University, Sendai, JAPAN 

 

Prof. Peter Grünberg often visited Japan, and had a close relationship with a lot of researchers 
in Japan, particularly Tohoku University. In 1998, he was first invited as a guest professor of 
Institute for Materials Research (IMR), Tohoku University, and stayed in Sendai for a half 
year. An honorary doctorate was conferred on him by Tohoku University in 2008 after he was 
awarded the Nobel Prize in physics. Then he worked in Tohoku University as a University 
Professor from October 2009 until January 2010, and as a Specially Invited Professor from 
October to November 2014, and from May to June 2016. He contributed greatly to the 
development of spintronics research, and fostering young researchers in Tohoku University 
and also in Japan. 

Personally I stayed in Research Center Jülich from 1994 to 95 as an Alexander-von-Humboldt 
research fellow to make collaborative research work with Peter. I shared the same office with 
him and always enjoyed discussion about science and something miscellaneous. He and his 
family also took good care of my family. Since then, he had always been a good friend and a 
good teacher for me. When he was awarded the Nobel Prize in 2007, he invited me to the 
ceremony and banquet in Stockholm. It was a great honor for me, and I was very happy to be 
there to join several events with him and his family in the Nobel week. 

I wish to express my deep gratitude to Peter. May his soul rest in piece. 

 

      

 
 

Peter and me in the office of Research Center 
Jülich, 1994. 

At the ceremony for the conferment 
of an honorary doctorate in Tohoku 
University, 2008. 
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SUPERPARAMAGNETIC TUNNEL JUNCTIONS 
 

M. Bapna1, B. Parks1, A. Abdelgawad2, and S. A. Majetich1 

 
1Physics Department, Carnegie Mellon University, Pittsburgh, USA 

2Materials Science and Engineering Department, Carnegie Mellon University, Pittsburgh, 
USA 

 

Most prior research on magnetic tunnel junctions (MTJs) has focused on devices with a large 
energy barrier to switching, since the main application would be for nonvolatile memory. 
However, for some applications a low energy barrier is desirable, so that the MTJ is 
superparamagnetic [1]. Superparamagnetic tunnel junctions have potential use as random 
number generators (RNGs). Today hardware RNGs are used to seed pseudo-random number 
generating algorithms. Superparamagnetic tunnel junction-based RNGs could provide high 
speed without high power dissipation, compared with existing technologies. The devices 
studied here were 60 nm diameter CoFeB/MgO/CoFeB MTJs with perpendicular anisotropy. 
Because the magnetic layers are thin there is considerable interface anisotropy that can be 
tuned by an applied voltage, thereby adjusting the height of the energy barrier between 
parallel (P) and antiparallel (AP) states. Time traces of the fluctuating resistance as a function 
of bias voltage were analyzed by statistical tests for randomness to demonstrate true random 
number generation. The energy consumption and speed are compared with that of current 
CMOS technology RNGs.  

A second type of superparamagnetic tunnel junction uses thicker CoFeB layers and has in-
plane magnetization, and is of interest for probabilistic computing [2]. With a perpendicular 
device, a voltage can tune the frequency of the fluctuations. With an in-plane device, both the 
frequency and the relative amount of time spent in the P or AP states can be adjusted 
electronically (Figure 1). The perpendicular MTJs use voltage controlled magnetic anisotropy 
to tune the height of the energy barrier, while the in-plane devices use spin transfer torque 
from a spin-polarized current for destabilization. A voltage can tune the time-averaged 
resistance of the MTJ, and output from multiple MTJs can be used in logic gates and simple 
arithmetic. Prospects for low power devices using spin orbit torque are discussed. 

[1] K. Y. Camsari, S. Salahuddin, and S. Datta, IEEE Electron Device Lett. 38 (2017) 
doi:10.1109/LED.2017.2768321. 
 
[2]  Mukund Bapna and Sara A. Majetich, Applied Physics Letters 11, 243107 (2017). 

 

                  Fig. 1: Magnetoresistance fluctuations as a function of 
time for different voltage bias. 
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SPIN CURRENT GENERATION IN SPINEL-FERRITE/Cu/Pt 
HETEROSTRUCTURES 

 

J. Wisser1, H.M. Jeon2, R. Budhani3, M. Gray4, S. Emori5, B. Howe6, and Y. Suzuki1 

 
1Applied Physics, Stanford University, Stanford, CA, United States 

2Wright State University, Dayton, OH, United States 
3Physics, Morgan State University, Baltimore, MD, United States 

4Materials Science and Engineering, Stanford University, Stanford, CA, United States 
5Physics, Virginia Polytechnic Institute and State University, Blacksburg, VA, United States 

6Materials and Manufacturing Directorate, Air Force Research Lab, Wright Patterson Air 
Force Base, OH, United States 

 

Understanding spin-pumping at the interface between low-damping magnetic insulators and 
normal metals with large spin-orbit coupling (e.g. Pt) is crucial to the development of "pure" 
spin current spintronic devices. We present the spinel-ferrite magnetic insulator (Ni,Zn)(Al,Fe)2 
O4 (NZAFO) as a new low-loss spin current source. Broadband ferromagnetic resonance (FMR) 
spectroscopy shows a Gilbert damping parameter of 0.003 for 20 nm thick single-layer NZAFO. 
In NZAFO/Pt bilayers the damping parameter increases to 0.009 and is accompanied by a 
voltage peak at resonance, suggesting significant spin-pumping from the NZAFO to Pt with a 
spin-mixing conductance of 2×1014 Ω-1m-2. However, it is possible that this voltage peak could 
be due to anisotropic magnetoresistance (AMR) in the platinum layer caused by proximity 
induced magnetism. To investigate the contribution of this effect, we perform angular-
dependent magnetoresistance (ADMR) measurements. We find that while present, AMR is 
about three times weaker than the spin-Hall magnetoresistance (SMR) characteristic of spin-
pumping. To further address this issue, we insert copper spacer layers at the NZAFO/Pt 
interface with intentions to suppress any proximity-induced magnetism in the Pt. Similar 
damping enhancement and FMR-driven voltage are observed in these samples, and ADMR 
results demonstrate a decrease in prominence of AMR with increasing copper thickness (with 
a 5nm copper spacer AMR is four times weaker than SMR). These results suggest that the 
observed voltage peak at ferromagnetic resonance is indeed due to the inverse spin-Hall effect 
from spin-pumping across the NZAFO/Pt interface, with a minimal contribution from 
proximity-induced magnetism in platinum. 

 

This work was supported by the Department of Defense Vannevar Bush Fellowship.  
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SPIN TO CHARGE CONVERSION IN BISMUTH 

 

Di Yue1,2,3, Weiwei Lin1, Jiajia Li2,3, Xiaofeng Jin2,3, and C. L. Chien1 

 
1 Department of Physics and Astronomy, Johns Hopkins University, Baltimore, MD 21218, 

USA 
2 State Key Laboratory of Surface Physics and Department of Physics, Fudan University, 

Shanghai 200433, China 
3Collaborative Innovation Center of Advanced Microstructures, Fudan University, Shanghai 

200433, China 

 

Recently, there have been reports on the superior prowess of bismuth (Bi) in spin-to-charge 
conversion, including large spin Hall angle 0.2  and long spin diffusion length  
exceeding 20 nm, qualities that are highly favorable for exploring pure spin current phenomena 
and devices [1]. Bi/Ag bilayers have also been featured prominently in the inverse Rashba-
Edelstein effect (IREE), a related effect offering strong spin-to-charge conversion at interfaces 
[2-4]. One notes that in most cases the spin injection has been accomplished by spin pumping 
from Py, a process well known to harbor a variety of parasitic effects due to metallic Py that 
complicate the voltage measurements of the inverse spin Hall effect (ISHE). Spin pumping also 
generates heat that further complicates the analyses. 

In this work, we use thermal injection from a ferromagnetic insulator YIG into Bi films and 
Bi/Ag bilayers, demonstrated to be without the parasitic effects. The Bi layers of various 
thicknesses have been made by both MBE and sputtering at 77 K with similar results. The 
contribution of the pure spin current can be unequivocally determined by the insertion of a 
MgO(3 nm) layer, which blocks the spin current and eliminates the ISHE voltage. Similar 
results were also found in Bi/Ag bilayers. In sharp contrast to previous results, we have 
observed much shorter spin diffusion length  in Bi of about 1 nm and negligibly small spin 
Hall angle 10 . We have also observed no evidence of the IREE in the Bi/Ag bilayers. 
We note that Bi is a well-known thermoelectric material with low carrier concentration and 
very large Nernst voltage, which might be disguised as ISHE voltage. 

This work was supported by the U.S. Department of Energy, Office of Science, Basic Energy 
Science (Grant No. DE-SC0009390), MOST (Grants No. 2015CB921402 and No. 
2011CB921802), NSFC (Grants No. 11374057, No. 11434003, and No. 11421404). 

 

[1] e.g., D. Hou et al., Applied Physics Letters 101, 042403 (2012); H. Emoto et al., Phys. 
Rev. B 93, 174428 (2016). 

[2] J. C. Rojas Sanchez et al., Nat. Comm. 4, 2944 (2013). 

[3] H. Nakayama et al., Phys. Rev. Lett. 117, 116602 (2016). 

[4] A. Soumyanarayanan et al., Nature 539, 509-517 (2016). 
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CONTROL FERROMAGNETS ALL ELECTRICALLY AT ROOM TEMPERATURE 
 

Kaiyou Wang1,2* 

 
1 SKLSM, Institute of Semiconductors, CAS, Beijing, 100083, P. R. China 
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Electrically control the spin in solids is the core of spintronics. We investigated the spin 

Hall effect control the magnetization switching in heavy metal/ferromagnet/heavy metal 

multilayers and also piezo voltages control the magnetization switching of heusler ally 

CoFeAl.  

By design the device structrue, we demonstrate a strong damping-like torque from the 

spin Hall effect and unmeasurable field-like torque from Rashba effect. The spin-orbit 

effective fields due to the spin Hall effect were investigated quantitatively and were found to 

be consistent with the switching effective fields after accounting for the switching current 

reduction due to thermal fluctuations from the current pulse[1]. The spin-orbit torque 

switching controllablly in above structures have to have the assistant of the external  magnetic 

field. Adjustable electrical current-induced magnetization switching in a magnetic multilayer 

structure without external magnetic field is realized by utilizing interlayer exchange 

coupling[2].  

Without breaking the symmetry of the structure of the thin film, we realize the 

deterministic magnetization switching in a hybrid ferromagnetic/ferroelectric structure with 

Pt/Co/Ni/Co/Pt layers on PMN-PT substrate. The effective magnetic field can be reversed by 

changing the direction of the applied electric field on the PMN-PT substrate, which fully 

replaces the controllability function of the external magnetic field[3]. We also investigated the 

planar Hall effect devices based on the tunability of the planar Hall resistance in 

ferromagnetic Co2FeAl devices solely by piezo voltages. The room temperature magnetic 

NOT and NOR gates have been demonstrated based on the Co2FeAl planar Hall effect 

devices without external magnetic field[4]. 
 

 

[1] Meiyin Yang, Kaiming Cai, Hailang Ju et al., Scientific Reports, 6, 20778 (2016). 
[2] Yu Sheng, Kevin William Edmonds, Xingqiao Ma et al., Adv. Func. Mater. Submitted. 
[3] Kaiming Cai, Meiyin Yang, Hailang Ju  et al., Nature Materials, 12, 712 (2017). 
[4]Bao Zhang, Kang-Kang Meng, Mei-Yin Yang et al., Scientific Reports, 6, 28458 (2016).                  
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THE ORIGIN OF ELECTRIC-FIELD-INDUCED CHANGE OF 
MAGNETOCRYSTALLINE ANISOTROPY  

IN METALLIC MULTILAYERED STRUCTURES 
 

S. Miwa1,2 
1Graduate School of Engineering Science, Osaka University, Osaka, Japan  

2Center for Spintronics Research Network (CSRN), Osaka University, Osaka, Japan  
 

Spin-transfer torque has surpassed current-induced magnetic fields as the preferred technology 
for switching magnetization directions in nanoscale magnets because of its low energy 
consumption and excellent scalability. However, spin-transfer switching exhibits Joule heating 
that remains too large to ignore. The energy required for magnetization switching is more than 
107 times the Landauer limit of kBTln2, where kB is the Boltzmann constant. Thus, a novel 
method offering magnetization control without electric current is highly desirable. Voltage-
controlled magnetic anisotropy (VCMA) in ferromagnetic metallic multilayered structure [1,2] 
has shown that magnetization can be controlled in fast periods (down to 0.1 ns) by electric fields, 
as indicated by bi-stable precessional magnetization switching, and ferromagnetic resonance 
excitation. Because the VCMA mechanism can be purely electronic, this is an ultimate 
technology for the operation of spintronics devices, such as nonvolatile random access memory, 
where high-speed operation with high writing endurance is indispensable. While it has been 
reported that VCMA can be enhanced by employing specialized alloy [3], it is important to find 
a novel method to increase the VCMA. 

In this talk, we will show a microscopic origin of the VCMA. Firstly, VCMA in 3d-transition 
metals can be explained by electric-field-induced change of orbital magnetic moment. We show 
it in terms of X-ray magnetic circular dichroism (XMCD) spectroscopy of Co-absorption edge 
on Fe-Co-MgO multilayer [4]. Secondly, VCMA in 5d-transition metals can be explained by 
both electric-field-induced changes of orbital magnetic moment and magnetic dipole Tz term. 
We show it in terms of XMCD spectroscopy of Pt-absorption edge on Fe-Pt-MgO multilayer 
[5]. Specifically, the magnetic dipole Tz induction is correlated to an electric quadrupole 
induction in interfacial metallic atoms with MgO tunnel barrier, and it changes the 
magnetocrystalline anisotropy energy through spin-flip excitation. Such an electric quadrupole 
induction can be feasible due to nonlinear electric field potential because of the strong 
electrostatic screening effect in metals. 

This work is a collaboration work with Y. Suzuki, F. Bonell, K. Matsuda, T. Tsukahara, T. 
Kawabe, J. Suwardy, K. Nawaoka, M. Goto, and E. Tamura of Osaka University, M. Suzuki, 
Y. Kotani, K. Toyoki, and T. Nakamura of JASRI, T. Nozaki, and S. Yuasa of AIST, M. 
Tsujikawa, and M. Shirai of Tohoku University, T. Ohkubo, and K. Hono of NIMS. This work 
received support from the ImPACT Program and JSPS KAKENHI. 

[1]     M. Weisheit, S. Fähler, A. Marty, Y. Souche, C. Poinsignon, and D. Givord, Science 315, 
349 (2007) 

[2]     T. Maruyama, Y. Shiota, T. Nozaki, K. Ohta, N. Toda, M. Mizuguchi, A. A. Tulapurkar, 
T. Shinjo, M. Shiraishi, S. Mizukami, Y. Ando, and Y. Suzuki, Nature Nanotechnology 
4, 158 (2009) 

[3] T. Nozaki, A. Kozioł-Rachwał, M. Tsujikawa, Y. Shiota, X. Xu, T. Ohkubo, T. Tsukahara, 
S. Miwa, M. Suzuki, S. Tamaru, H. Kubota, A. Fukushima, K. Hono, M. Shirai, Y. Suzuki, 
an S. Yuasa, NPG Asia Materials 9, e451 (2017) 

[4] T. Kawabe, K. Yoshikawa, M. Tsujikawa, T. Tsukahara, K. Nawaoka, Y. Kotani, K. 
Toyoki, M. Goto, M. Suzuki, T. Nakamura, M. Shirai, Y. Suzuki, and S. Miwa, Physical 
Review B 96, 220412(R) (2017) 

[5] S. Miwa, M. Suzuki, M. Tsujikawa, K. Matsuda, T. Nozki, K. Tanaka, T. Tsukahara, K. 
Nawaoka, M. Goto, Y. Kotani, T. Ohkubo, F. Bonell, E. Tamura, K. Hono, T. Nakamura, 
M. Shirai, S. Yuasa, and Y. Suzuki, Nature Communications 8, 15848 (2017) 
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ELECTRIC FIELD EFFECT ON EXCHANGE INTERACTION  
IN ULTRA-THIN Co FILMS WITH IONIC LIQUIDS 

 

M. Ishibashi1, K. T. Yamada1, Y. Shiota1, F. Ando1, T. Koyama2, H. Kakizakai1, H. Mizuno1, 
K. Miwa3, S. Ono3, T. Moriyama1, D. Chiba2, and T. Ono1 4 
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Electric-field modulations of magnetic properties have been extensively studied not only for 
practical applications but also for fundamental interests. Especially, electrical control of Curie 
temperature in Co ultra-thin film has attracted much attention [1]. Recently, ab initio calculation 
showed electric field effect on exchange interaction as the origin of electric-field-change in 
Curie temperature [2]. Previously, we experimentally demonstrated electric-field modulation 
of exchange stiffness [3]. However, the exchange stiffness reflects not only exchange 
interaction but also temperature effect. Therefore, the electric-field-modulation of exchange 
stiffness does not give essential evidence of modulation of exchange interaction by electric field.  

In this study, we investigate electric field effect on the exchange coupling J characterized from 
the direct measurement of magnetization as a function of temperature in GaAs sub./ Ta(2.3  
nm)/Pt(2.0 nm)/Co(0.25 nm)/MgO(2.0 nm) films by a superconducting quantum interference 
device. The gate voltage VG was applied using capacitor structure with ionic liquids which 
enable to apply large electric field to Co layer. In our definition, the positive VG increases the 
electron density at the Co/MgO interface. As shown in Fig. 1 where ΔN represents change in 
the electron number per Co atom, a clear change in J by applying VG is observed. From linear 
fitting in Fig. 1, we found that J increases by 7.2 % as the electron number per Co atom increase 
by 0.010. According to the theoretical prediction, J increases by 5.2 % as 0.010 electrons 
increase per Co atom [2]. The trend and the efficiency of electric field effect on J are in good 
agreement with that of the theoretical prediction. In the presentation, we will also discuss the 
electric field effect on J in Pd/Co ultra-thin film. 

 

[1] D. Chiba et al., Nat. Mater. 10, 853 (2011). 

[2] M. Oba et al., Phys. Rev. Lett. 114, 107202 (2015). 

[3] F. Ando et al., Appl. Phys. Lett. 109, 022401 (2016). 
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Fig. 1: VG dependence and ΔN dependence 
of the change rate in J ΔJ (VG)/J (0V) 
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ENHANCEMENT OF VOLTAGE-CONTROLLED MAGNETIC ANISOTROPY 
EFFECT IN MgO/CoFeB-BASED MAGNETIC TUNNEL JUNCTIONS BY WAY OF 

INTERFACE RECONSTRUCTION 
 

J. Ko and J. Hong 

 

Materials Science and Engineering, Yonsei University, Seoul 03722, Korea 
 

Engineering of interfacial structures has become important more than ever before to create 
novel applications. Here, we show that the interface reconstructed by atomic layer-thick Mg 
insertion substantially improved the voltage-controlled magnetic anisotropy effect in 
perpendicular magnetic tunnel junctions (p-MTJs). The 0.2−0.4 nm-thick Mg inserted 
between the MgO tunnel barrier and CoFeB ferromagnet restructured the interface in such 
ways as to protect the CoFeB from overoxidation, to strengthen the texture, and to relax the 
mechanical stress. Observed were great increases in the perpendicular magnetic moment and 
anisotropy of the CoFeB by 2.1 and 1.8 times, respectively. The strong enhancement of (010) 
in-plane and (001) out-of-plane texture led to a significant increase in the tunnel 
magnetoresistance by 4.4 times from 13.2 to 57.6% by the insertion. Most importantly, such 
optimum chemical and physical structures could modulate the perpendicular magnetic 
properties by an electric field. The voltage-controlled magnetic anisotropy coefficients 
became symmetrically bipolar to the electric field and were increased over 100 fJ/Vꞏm, which 
is 6 times larger than one found before the Mg insertion. As a result, we could successfully 
demonstrate the voltage-induced magnetization switching of the p-MTJs with the help of an 
external magnetic field. Our findings will ignite further study on the new way of electrical 
control over magnetic switching and provide an essential ingredient to realize electric field-
driven energy-effective magneto-electronic devices. 

 

 

Fig. 1:  Schematics of effects of interface engineering by using the Mg insertion and 
change of magneto-electrical properties in MgO/CoFeB-based MTJs. 
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MAGNETICALLY TUNABLE ELECTRON CONFINEMENT AT OXIDE 
INTERFACES 

 

Martina Müller1,2 

 
1 Peter Grünberg Institut (PGI-6), Forschungszentrum Jülich GmbH,  D-52428 Jülich and 

2 Experimentelle Physik I, Technische Universität Dortmund, D-44221 Dortmund, Germany  
 

Low-dimensional electron systems in functional oxides have gained strong interest as a novel 
states of matter with fascinating and exotic physics. The prospect of creating and 
manipulating a macroscopic magnetic ground state e.g. in oxide-based quantum wells (QW) 
or 2DEGs is of enormous interest, as this would pave the route towards applications with rich 
quantum phases beyond today's semiconductor technology.  
      We demonstrate a 2DEG with magnetic functionalities at the interface between EuO, a 
ferromagnetic insulator, and SrTiO3 - a transparent non-magnetic insulator considered the 
bedrock of oxide-based electronics. This is achieved by a controlled in situ redox reaction 
between pure metallic Eu deposited at room temperature on the surface of SrTiO3 - an 
innovative bottom-up approach that can be easily generalized to other functional oxides and 
scaled to applications. We find that the resulting EuO capping layer can be tuned from 
paramagnetic to ferromagnetic [1].  
      Inspired by its semiconductor anaologues, all-oxide quantum wells are created from 
ultrathin EuO layers to study the evolution of the optical band gap down to the single 
nanometer regime. We find that the EuO band gap is indirect - independent of QW thickness - 
and increases from bulk-like to ultrathin films. This band-gap widening is a clear sign of a 
quantum confinement effect, which can be used to control and modify the band gap and 
magnetic spin filter effect in EuO-based all-oxide heterostructures [2].  
      These results lay a new ground for the versatile tailoring of all-oxide devices, in which the 
functionalities of the constituting elements and their mutual coupling, can be obtained from 
controlling ultrathin magnetic oxides and their interfaces. 
This work was supported by HGF under grant no. VH-NG-811. 

[1] P. Lömker, T. C. Rödel, T. Gerber, F. Fortuna, E. Frantzeskakis, P. Le Fevre, F. Bertran, 
M. Müller, and A. F. Santander-Syro, Phys. Rev. Mat. 1, 062001(R) (2017) 
[2] G. Prinz, T. Gerber, A. Lorke, and M. Müller, Appl. Phys. Lett. 109, 202401 (2016) 
 

 

                  
Fig. 1: The redox reaction locally reduces the 
SrTiO3 around its surface, creating a 2DEG 
(blue). The capping layer can be tuned from 
para- to ferromagnetic EuO. 

Fig. 2: Onset of ferromagnetism in the zero-field-
cooled 2ML EuO film, with formation of randomly 
oriented domains (schematics in Fig. 1). 
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OPTIMIZING PROPAGATING SPIN WAVE SPECTROSCOPY AS A TECHNIQUE 
TO DETERMINE THE DZYALOSINKSII-MORIYA INTERACTION 
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We carefully explore and optimize propagating spin wave spectroscopy (PSWS, see fig. 1) as 
a technique to measure the interfacial Dzyaloshinksii-Moriya interaction (DMI) [1]. Because 
PSWS allows for wave-vector selective spin wave excitation and detection, and because it can 
separate clockwise (CW) and counterclockwise (CCW) spin waves, it is a potentially 
extremely interesting technique to measure the DMI-induced frequency non-reciprocity. 
However, the technique of propagating spin wave spectroscopy requires a very careful 
interpretation of the obtained spectra including the measured non-reciprocity which is so far 
not reported in literature. Depending on the strip width, we demonstrate the importance of de-
embedding the measurements for the small waveguide required to connect the antennas to the 
probe tips. Waveguide-induced phase changes as small as 10o can lead to 90o phase changes 
in the inductive FMR response depending on the background RF response.  However, even 
after de-embedding the measured inductive response of the transmitted spin waves 
unexpected behavior is observed. It is well known that there is a significant difference in 
excitation efficiency for CW and CCW spin waves, which is, however, not present in our 
measurements. Moreover, the measured non-reciprocity of the transmitted spin waves shows 
unexpected field and wave-vector-dependent behavior. Therefore, we speculate that de-
embedding does not completely resolve the spin wave transmission measurements which 
suggests the importance of carefully picking the device dimensions to eliminate the need for 
de-embedding that can introduce artefacts in PSWS.   

[1] J. M. Lee, C. Jang, B. Min., S. Lee, K. Lee and J. Chang, Nano Letters (2016) 16(1), 62-
67. 

 

 

    
               

Fig. 1: Schematic view of PSWS.  The excitation and detection of spin-waves in a 
magnetic layer using coplanar waveguides (CPW). (Excitation) A current (red marks 
in the CPW lines) is driven through the CPW lines and generates an Oersted field (red 
dashed lines) that excites both CW (red) and CCW (blue) spin-waves. The CW spin-
wave propagates to the left and the CCW spin-wave to the right towards the detection 
antenna. (Detection) Here the CCW spin-wave inductively drives a current (blue 
marks in the CPW lines) in the CPW. By reversing the excitation and detection 
antenna, one can measure the transmission of a CW spin wave. The measured 
frequency difference between the CW and CCW spin wave is then a measure for the 
DMI. 
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MAGNETIC ORDER IN TOPOLOGICAL INSULATOR THIN FILMS: 
TRANSITION METAL VS RARE EARTH DOPING 

 
N.-J. Steinke1, L. B. Duffy1,2, J. A. Krieger3, A. I. Figueroa4, K. Kummer5, T. Lancaster6,  

P. J. Baker1, V. N. Strocov3, Z. Salman3, G. van der Laan4 and T. Hesjedal2 
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5European Synchrotron Radiation Facility, Grenoble, France   
6Centre for Materials Physics, Durham University, Durham, UK  

 
Topological insulators (TIs) are one of the most important recent discoveries in condensed 
matter physics. They have a gapless topological surface state which exhibits robust spin-
momentum-locking protected by time-reversal symmetry (TRS). The Dirac-cone-shaped 
surface state can become gapped if TRS is broken, which gives rise to interesting quantum 
phenomena such as the recently observed quantum anomalous Hall effect.  The most 
common route to controlled TRS breaking in TIs is to introduce magnetic order through 
doping with magnetic impurities. However, the nature of the ordering in magnetically doped 
TIs remains poorly understood. In particular, the homogeneity and disorder has been under 
debate, and various types of magnetic order have been proposed to play a role [1-4]. 

Here we contrast the microscopic magnetic order in two magnetically doped topological 
insulator thin films: transition metal doped Cr:Sb2Te3 and rare earth doped Dy:Bi2Te3.  
 
Our combined polarized neutron reflectometry, muon spin spectroscopy, x-ray magnetic 
circular dichroism, and x-ray resonant photoemission studies show that long range magnetic 
order in Cr:Sb2Te3 [5] is accompanied by significant amounts of inhomogeneity and 
dynamics – even in films whose magnetic volume fraction tends to 100%. In contrast, 
Dy:Bi2Te3 [6] does not order ferromagnetically, see Fig. 1, but instead displays similar, 
inhomogeneous islands of more static magnetism embedded in a paramagnetic environment 
[7]. These islands are highly susceptible to moderate magnetic fields. In Cr:Sb2Te3, 
ferromagnetic order is mediated by charge carriers [8], as shown by the presence of magnetic 
polarization on the anion sites. Crucially, this is absent in Dy:Bi2Te3. In both materials the 
presence of dopant-induced charge carriers cannot be excluded, however, in Dy:Bi2Te3 these 
do not appear to contribute to the magnetic order of the dopants. Most recently, we were able 
to combine these two materials into heterostructures leading to new physical properties. 
 
[1] Yu et al., Science 329, 61 (2010); [2] Li et al., PRL 114, 146802 (2015); [3] Lachman et 
al., Sci. Adv. 1, e1500740 (2015); [4] Peixoto et al., PRB 94, 195140 (2016); [5] L. J. 
Collins-McIntyre et al., Europhys. Lett. 115, 27006 (2016); [6] S.E. Harrison et al., J. Appl. 

Phys. 115, 023904 (2014); [7] L. B. Duffy et al., 
submitted; [8] L. B. Duffy et al., PRB 95 (22), 
224422 (2017). 
                  

Fig. 1: Spin-asymmetry of a polarized neutron 
reflectometry measurement of a Dy-doped Bi2Te3 
thin film at 5 K. A large magnetic response to the 
applied field of 0.7 T can be observed, even though 
the film is not ordered ferromagnetically. 
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EPTIAXIAL Fe/Pt(110) SYSTEM WITH C2v SYMMETRY 
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H. T. Nembach3, 
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Magnetic films in contact with heavy materials have attracted much interest due to the wealth 
of interesting interfacial phenomena they exhibit. Among these phenomena are interfacial 
perpendicular anisotropy, spin-orbit torques and the interfacial Dzyaloshinskii-Moriya 
interaction (DMI) interaction. The DMI gives rise to chiral magnetic structures, which include 
chiral domain walls, skyrmions and chiral spin-chains. The DMI is particularly sensitive to the 
underlying symmetry. By far most work on interfacial DMI is based on polycrystalline (111) 
textured films exhibiting a C3V symmetry. Here, the DMI is isotropic and can be described by 
one micromagnetic parameter. This is different for systems with C2V symmetry. Here the DMI 
is anisotropic, the micromagnetic description requires two parameters, and in this case the DMI 
can support not only skrymions but also antiskyrmions as least-energy configurations. We 
prepared a 1.8 nm thick Fe film on a Pt (110)-orientated single crystal by molecular beam 
epitaxy to explore systems with C2V symmetry. We conducted DFT calculations employing the 
Korringa-Kohn-Rostoker Greenfunction method, in order to extract parameters of an extended 
Heisenberg model that are compared to the results of the experiment. A low-energy electron 
diffraction image (LEED) of the Fe film is shown in Fig. 1 confirming the epitaxial growth. We 
used Brillouin Light Scattering Spectroscopy to determine the angular dependence of the 
frequency of the Damon-Eshbach mode for both field polarities. The DMI induced frequency-
shift and the magnetic anisotropy both show a two-fold symmetry. The strongest DMI is along 
the [001]-direction, which coincides with the magnetic easy axis, see Fig. 2. The DFT 
calculations were carried out for a thickness of up to 6 ML Fe. The ratio of the two independent 
components of the spiralization tensor and for the fcc (110)-oriented surface describes the 
anisotropy of the DMI. The calculations showed the same trend as the experiment for the DMI 
and for the magnetic anisotropy and found that the ratio determined from experiment and from 
theory are in good agreement demonstrating that DFT calculations can quantify the strength 
and symmetry of the DMI. B.Z. and S.B. acknowledge funding from European Union's Horizon 
2020 program (no. 665095–FET-Open project MAGicSky). Work at UCD supported by NSF 
(DMR-1610060) and UCOP MRP-17-454963. 

 
 
 
 
 
 
 
 
 
                                          
 

  

Fig. 2: Angular dependence of the DMI 
induced frequency-shift of the Damon-
Eshbach mode.

Fig. 1: Low-energy electron 
diffraction image of the Fe film. 
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Fig. 1: Resistance of Nb/FePd 
versus external magnetic field Hext. 

INTERFACE EFFECTS IN SUPERCONDUCTOR-FERROMAGNET 
HETEROSTRUCTURES 

 

A. Stellhorn1, A. Sarkar1, E. Kentzinger1, S. Schröder1, M. Waschk1, G. Abuladze1, P. 
Schöffmann2, Z. Fu2, V. Pipich2, T. Brückel1,2 
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2 Forschungszentrum Jülich GmbH, Jülich Centre for Neutron Science at Heinz Maier-

Leibnitz Zentrum, Germany 

 

Ferromagnetism and superconductivity have long been considered as antagonist phenomena. 
When the magnetic state of the ferromagnet (F) is inhomogeneous, magnetic domains and 
domain walls can guide the vortices and spatially confine the superconductivity in an adjacent 
superconducting (S) layer [1]. Our goal is to obtain an understanding of such proximity effect 
occurring between the ferromagnetic thin films and superconducting layers. 

While many transport measurements are carried out in S/F-structures, the lateral magnetic 
depth profile near the S/F-interface and the dependence of the superconductivity on the 
nanometric magnetic configuration have still to be scrutinized. In this study we investigate 
the effect of magnetic domain structures of the ferromagnet onto a superconductor. As a 
prototype system we use thin film heterostructures of ferromagnetic FePd with a 
superconducting Nb-toplayer. The heterostructures are grown at ultra-high vacuum using 
molecular beam epitaxy onto MgO (001) substrate. FePd is grown in the L10-ordered phase 
with a magneto-crystalline anisotropy perpendicular to the surface plane [2].  

Resistivity measurements as a function of external magnetic field Hext (applied out-of-plane) 
reveal the effect of the magnetic stray fields on the superconducting state. When the 
superposition of the stray fields and Hext reaches its minimum, superconductivity nucleates 
over the domain with magnetization direction opposite to Hext (see Fig. 1). To investigate the 
depth profile of the lateral magnetization fluctuation Grazing-Incidence-Small-Angle-
Neutron-Scattering (GISANS) is used. Figure 2 shows a GISANS-measurement of Nb/FePd 
at 300 K. Next to the specular spot two GISANS-signals indicate the periodicity of the 
magnetic domains. For better understanding of the effect of the magnetic profile of the F-
layer onto the superconducting phase of the S-layer and vice versa, at the S/F-interface 
further investigations at superconducting critical temperature are presently ongoing.  

[1] Z. Yang et al., Nat. Mater. 3, 793-798 (2004). 
[2] V. Gehanno et al., Phys. Rev. B, 55, 12552 (1997). 

Fig. 2: GISANS measurement of 
Nb/FePd at 300K. 
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Integrated Circuits (ICs) are present in all electronic devices around us, ranging from PCs and 
smartphones to smartwatches. In an effort to make these devices faster and cheaper, the 
smallest IC building blocks need to be scaled down. Further downscaling of transistors based 
on CMOS technology, however, results in a higher heat dissipation. An alternative for today’s 
charge-based transistors is the spin-wave majority gate, which is expected [1] to suffer less 
from power dissipation when scaled down. 

Miniaturizing a spin-wave majority gate typically requires the ferromagnetic spin wave buses, 
through which spin or magnetization waves travel, to become very thin. And yet, these  
devices are today modeled using classical micromagnetic simulations that do not take into 
account any quantum effects, which nevertheless become important in materials of only a few 
atomic layers thick. Moreover, such thin magnetic films cannot generally be expected to 
retain their bulk magnetization profile at room temperature. 

Here, we study a Heisenberg ferromagnet (both two- and three-dimensional) using double-
time temperature-dependent Green’s functions [2], while considering anisotropic exchange 
interactions. The system is studied in the presence of an external magnetic field, which can be 
in any arbitrary direction, thereby mimicking possible experimental uncertainties. 

The magnitude and direction angle of magnetization are calculated as a function of both the 
applied magnetic field (direction) and temperature, and for both easy-plane and easy-axis 
ferromagnets (Fig. 1). Relevant characteristics of the magnetization, such as the Curie 
temperature and the reorientation transition, are obtained. The impact of differences in 
anisotropy and dimensionality on the magnetization behavior can be interpreted and 
understood in terms of the spin wave dispersion relation. 

The results are not only relevant for future logic components such as the spin wave majority 
gate. Also, novel MRAM devices containing a stack of many different magnetic materials 
could benefit from a better understanding of the interplay between the material’s anisotropy 
and the externally applied magnetic fields. Moreover, the properties of the present Heisenberg 
model might be helpful even for gaining insight in quantum computing processes. 

[1] I.P. Radu et al., Spintronic majority gates, IEEE IEDM (2015) 
[2] J.Vanherck, B. Sorée and W. 
Magnus, J. Phys. Condens. Matter 
(2018) in preparation 

 

                  Fig. 1: Magnetization curves (with 
reorientation transition) versus 
temperature (left) and external 
magnetic field (right) for an easy-
plane ferromagnet in a transverse 
applied field.
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Sr2FeMoO6-/Al2O3/Sr2FeMoO6- HETEROSTRUCTURE 

 

S.K.Oh1, N.A.Kalanda2, S.-C.Yu1, D.-H.Kim1, S.E.Demyanov2 and A.V.Petrov2 
1Department of Physics, Chungbuk National University, Cheongju, Korea 

2Scientific-Practical Materials Research Centre, NAS of Belarus, Minsk, Belarus 

 

Layered magnetic half-metals Sr2FeMoO6- (SFMO) with the double perovskite structure, 
having large Curie temperature values (~420 К) and high degree of the spin polarization 
(~100 %) are mostly prospective for spintronic applications [1]. These properties are very 
interesting concerning the use of perfect nanosized films, from which the multilayered 
structures are formed. The principle of action of these structures is based on tunneling 
magnetoresistance (TMR) effect. Structurally-perfect SFMO films for the 
Si/SiO2/Ti/Pt/Sr2FeMoO6-/Al2O3/Sr2FeMoO6- heterostructures were formed by the ion-beam 
technique. At that the aluminum oxide was used as an insulating layer material. All the charge 
carriers experience the spin-dependence scattering at the crossing of the interface region 
between the layers at the TMR, and the shunting effect of the current passing through the 
intermediate non-magnetic layers is eliminated. The maximal change of magnetoresistance 
values takes place in the magnetic fields up to 0.3 T, with a subsequent passage to saturation 
(Fig.1). 

The charge transfer by means of the hopping electrons conduction process, with a variable 
hopping distance on the localized states, is dominating in the heterostructure in the 
temperature range 263 – 300 К. A charge transfer by the spin electrons tunneling from one 
energy state to the other one through an energy barrier is carried out in the temperature range 
130–203 К (Fig.2) [2]. 

This work was supported by in frames of the collaborative research project (BRFFR-NRFK 
project No. F16KOR-002, No. 2016K2A9A1A06920247). 
 

                            
 

 

 

 

 
[1] N.A.Kalanda, S.E.Demyanov, A.V.Petrov, D.V.Karpinsky, M.V.Yarmolich, S.K.Oh,            

S.-C.Yu, and D.-H.Kim, Journ.of Electronic Mater., 45, 3466 (2016)  
[2]  J.C.Slonczevski, Physical Review B39, 6995 (1989)  

Fig. 1: Field dependence of the 
magnetoresistance effect of 
Si/SiO2/Ti/Pt/Sr2FeMoO6-/Al2O3/ Sr2FeMoO6-  

heterostructure 

Fig. 2: Temperature dependences  of the 
normalized electrical resistance of  
Si/SiO2/Ti/Pt/Sr2FeMoO6-/Al2O3/ 
Sr2FeMoO6- heterostructure in the 
coorditnates: ln(R/Rо) - T-1/4 (a) and  
ln(R/Rо) - T-1/2 (b)  
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TUNING PERPENDICULAR MAGNETIC ANISOTROPY IN Co\Pt MULTILAYERS: 
CRYSTALLINE TEXTURE VS. INTERFACE QUALITY 

 

O. Yildirim 1,2*, M. A. Marioni1, C. V. Falub2, D. Jaeger2, H. Rohrmann2 and H. J. Hug1 

 
1Empa-Swiss Federal Laboratories for Materials Science and Technology, CH-8600 

Dübendorf, Switzerland.  

2 Evatec AG, CH-9477 Trübbach, Switzerland 
 

Owing to ever growing demand for faster, denser and more efficient data storage, magnetic 
multilayers with strong out-of-plane anisotropy have been of great interest for last decades. 
Recently, stabilization of room temperature skyrmions with the help of interfacial 
Dzyaloshinskii-Moriya interactions (DMI) in asymmetric Pt\Co\Ir multilayers [1] and 
achieving higher frequencies in spin-torque oscillators containing high perpendicular 
anisotropy multilayers [2] brought these multilayered stacks under intense attention once 
again. In these multilayered systems there are two major contributors to the perpendicular 
magnetic anisotropy (PMA): (i) interface between magnetic 3d element (Co) and heavy non-
magnetic element (Pt or Pd); (ii) crystalline texture. Thus, improving the crystalline quality 
and reducing the amount of defects at the interfaces of utmost importance for improving the 
PMA required for high performance future devices. In this work, we prepared 
Si\SiO2\Pt(10nm)[Co(0.4nm)\Pt(0.7nm)]5\Pt(2nm) multilayers by sputtering from both 
conventional magnetrons and prototype facing-cathode targets (FTCs), as well. The facing 
target configuration enabled us to control the impact of the ion-induced damage occurring at 
the interfaces. To control the energy of the particles impacting the growing, film we used 
different cathode voltages in FTCs. In addition, we fabricated Co\Pt multilayer films by 
sputtering Co and Pt from an FTC and a conventional sputtering gun, respectively. Influence 
of deposition parameters on the formation of PMA was investigated by means of structural 
and magnetic characterizations. 

We found that the coercive field of Co\Pt multilayers depended strongly on the specific 
deposition parameters and sputtering method used. The results shown in figure 1 prove that 
films grown with the FTCs show a more square hysteresis loop with considerably larger 
coercivity than that obtained for a film deposited with conventional magnetrons. This 
indicates that the particles impacting the growing film decrease the interface quality and 
hence the perpendicular anisotropy.  

This work was supported by "Swisss Federal Commission for Technology and Innovation" 
under grant no. 18940.2 PFNM-NM. 

*corresponding author: oguz.yildirim@empa.ch 

[1] C. Moreau-Luchaire, et. al., Nature Nanotechnology, 11, 444-448 (2016) 

[2] D. Houssameddine, et. al., Nature Materials, 6, 447-453 (2007) 

 

Fig. 1: out-of-plane magnetization curves for Co\Pt multilayers. Pt layers were deposited by using conventional 
direct sputtering, while for Co layers cathode voltage was changed. The samples deposited with FTCs were 

compared with a sample, where both layers were deposited with conventional direct sputtering (black curve). 
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DUAL PHASE Fe2Tb/Co2Tb MAGNETIC NANOWIRE ARRAYS PREPARED BY 
ELECTROCHEMICAL DEPOSITION 
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Key Lab. for new type of functional materials in Hebei Province, School of Materials Science 
and Technology, Hebei University of Technology, No. 8, Road No.1, Dingzigu, Hongqiao 

District, Tianjin 300130, China.  

 

Abstracts: Highly ordered dual phase Fe2Tb/Co2Tb magnetic nanowire arrays have been 
synthesized by direct current electrochemical deposition from Tb-Fe-Co aqueous solution with 
anodic alumina templates for the first time. The amorphous Tb-Fe phase and Tb-Co phase in 
as-deposited Tb-Fe-Co nanowires are transformed into Fe2Tb and Co2Tb crystal phases after 
annealed at 600℃ for 3 h. It is measured by vibration sample magnetometer that dual phase 
Fe2Tb/Co2Tb magnetic nanowire arrays have strong magnetic shape anisotropy. Comparing 
with the magnetic properties of Fe-Co nanowires, the coercivity and remanence ratio of 
annealed dual phase Fe2Tb/Co2Tb magnetic nanowire arrays doped with Tb element increase 
significantly. The study about the impact of the doped rare earth elements Tb on Fe-Co 
nanowires may provide a way to improve the magnetic properties, and dual phase Fe2Tb/Co2Tb 
magnetic nanowire arrays will certainly play an important role in future device research of 
magnetic recording devices.  

Acknowledgements:  

This work is supported by the National Natural Science Foundation of China with No.51271070, 
Innovation Team Project of Hebei Province with No.180079, Natural Science Foundation of 
Tianjin with No. 14JCYBJC17900, and Natural Science Foundation of Hebei Province with 
No. E2016202406. 

[1] T.F. Feng, Z.Y. Chen. Thermal stability of magnetic characteristics in Tb-Fe-Co films. 
Applied Surface Science (2012) 258, 5511-5515. 

 

                 

Fig. 1: Text for the image goes 
here 

Fig. 1  TEM and HRTEM 
images with FFT patterns of 
annealed Tb-Fe-Co nanowires 
deposited in 0.10mol/L Tb3+ 
solution (a) annealed Tb-Fe-Co 
nanowires; (b) the HRTEM 
image of chosen area in Fig. 1a; 
(c) the magnifying image of 
area Ⅵ  in Fig. 1b; (d) FFT 
patterns of area Ⅰ in Fig. 1b; 
(e) FFT patterns of area Ⅱ in 
Fig. 1b ; (f) FFT patterns of area 
Ⅲ in Fig. 1b; (g) FFT patterns 
of area Ⅳ in Fig. 1b ; (h) FFT 
patterns of area Ⅴ in Fig. 1b. 
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INFLUENCE OF GROWTH KINETICS ON INTERFACE STRUCTURE AND 
MAGNETISM IN La1/3Sr2/3FeO3 / La2/3Sr1/3MnO3 HETEROSTRUCTURES  

 

M. Waschk1, J. Voigt1, P. Zakalek1, J. Barthel2, and T. Brückel1 

 
1Forschungszentrum Jülich GmbH, Jülich Centre for Neutron Science (JCNS-2) and Peter 

Grünberg Institut (PGI-4), JARA-FIT, 52425 Jülich, Germany  
2Forschungszentrum Jülich GmbH, Ernst Ruska-Centre for Microscopy with Electrons 

 (ER-C-2), 52425 Jülich, Germany  
 

Transition metal oxides (TMO’s) exhibit electronic correlations and complex ordering 
phenomena which make them ideal candidates for sensors and storage devices in future 
information technology. Such devices will consist of heterostructures of different TMO’s, 
where interfaces can add functionalities, which cannot be found in the individual constituents. 
The subtle balance between electronic, spin, and lattice degrees of freedom leads to a variety 
of quantum phenomena and result in an extreme sensitivity to external stimuli. 

In this study, the TMO heterostructure La1/3Sr2/3FeO3 / La2/3Sr1/3MnO3 (LSFO/LSMO) has been 
chosen as a model system to study the interfacial coupling between an antiferromagnet (LSFO) 
and a ferromagnet (LSMO). Epitaxial heterostructures (LSFO/LSMO and LSMO/LSFO) were 
grown with a combination of oxide molecular beam epitaxy (MBE) and high oxygen pressure 
sputtering on (001)-oriented SrTiO3 (STO) substrates. Structural analysis using scanning 
transmission electron microscopy (STEM) and energy dispersive x-ray spectroscopy (EDX) 
revealed that the interface morphology depends crucially on the growth order of the different 
layers. The interface in LSMO/LSFO is dominated by Fe interdiffusion into at least nine 
monolayers of the LSMO layer, where Fe occupies the Mn sites. The structural differences 
between the two heterostructures are attributed to different growth kinetics. Sputtering 
increases the mobility of the surface atoms of the LSFO layer (grown by MBE) leading to Fe 
diffusion into the growing LSMO layer. This leads to significant changes of the magnetic 
properties, e.g. loss of interface coupling, as seen in magnetization measurements compared to 
LSFO/LSMO which exhibits a sharp interface. The latter system shows a variety of interface 
coupling effects which change with temperature, ranging from an inversed hysteresis to an 
exchange bias effect.  

To further investigate the influences of the growth kinetics, the magnetization depth profile was 
measured with polarized neutron reflectometry (PNR) at PBR (NCNR, Gaithersburg, MD, 
USA) and MARIA (MLZ, Garching, Germany) as well. From the simulation of PNR data it 
can be shown that the magnetization per Mn ion is reduced at the LSMO/LSFO interface 
indicating interdiffusion (Fig. 1a). However, no such reduction is observed at the sharp 
LSFO/LSMO interface (Fig. 1b). It is found that considering the growth kinetics magnetic 
properties can be tuned by the sample preparation process. Thus, it has to be treated as an 
essential parameter towards the development of functional oxide heterostructures.          

 
 
 
 
[1] Waschk, dissertation, RWTH Aachen University, 2017. 

Fig. 1: Magnetic depth profile from PNR simulations at different temperatures for two 
different samples, a.) LSMO/LSFO/STO and b.) LSFO/LSMO/STO. From [1].   
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We report the phenomenon of tunable exchange bias(TEB) efffect in the bilayer system 
consisting of hard ferromagnetic(FM) ZrCo(ZC) and relatively soft FM NiMnGa(NMG). We 
have performed experimental study of these bilayered systems using different characterization 
techniques such as XRD, XRR, AFM, and also performed magnetic measurement using SQUID 
magnetometer and MFM. We have discussed different parameters responsible for showing 
variation in exchange bias and coercivity values. The M-T measurement of the bilayer 
sample[Fig. 1] were performed under different  applied field (100 Oe, 0.5T, 1.5T) and the 
bifurcation of the ZFC and FC curves were studied to explain the long and short range 
interaction of moments in increasing field.  EB effect in this MgO(substrate)/ZC/NMG bilayer 
system were studied by magnetic hysteresis (M-H) measurements at various temperatures after 
field cooling(FC) the sample in the presence of the optimized magnetic field of +1T and -1T. In 
field cooled of +1T then M-H loops shifted along the negative field axis and showing maximum 
EB of -1166Oe at 2K [Fig. 2] and in field cooled of -1T then M-H loops shifted along the 
positive field axis and showing maximum EB of +1005Oe at 2K [Ffig. 3]. Similar phenomenon 
takes place while M-H measurement at other temperature in presence of applied magnetic field 
of +1T and -1T. EB effect in bialayered system of these hard/soft FM material can be tune with 
applied magnetic field. This is called tunable exchange bias (TEB) effect.We have also discussed 
the results which not only explain the physics behind this bilayered system but also provide the 
controlling parameters to tune the EB of the system.  
 
 

 
 
 

 
 
 
 
 
 
 
 
The EB and coercivity values in FC of  +1T and -1T at different temperature are calcuated by 
using these formulae 
 HEB=│(HC2+HC1)/2│ and  HC=│(HC2-HC1)/2│ where HC1 and HC2  are the value of magnetic 
field when the hysteresis loop intersects the field axis. 
 
 

Fig. 1: M-T measurement of 
ZC/NMG bilayer at different 
field 

Fig. 2: M-H measurement of 
ZC/NMG bilayer in FC of 
+1T  at different temperature

Fig. 3: M-H measurement of 
ZC/NMG bilayer in FC of 
+1T  at different temperature
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Pt/CoFeTaB/Pt TRILAYER 
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 Mustafa Tokac1, Richard Rowan-Robinson1, Ben 

Nicholson1, Del Atkinson1, Christy Kinane3 and Aidan Hindmarch1 
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2 XMaS beamline, ESRF, Grenoble, France 
3 ISIS neutron facility, Rutherford Appleton Laboratory, Didcot, OX11 0QX, United Kingdom 

Spin transport across interfaces in Spintronic devices is sensitive to the details of the interface 
structure; at an interface, the magnetic properties can also be significantly modified by magnetic 
degradation due to inter-diffusion and alloying at the interface [1, 2], or proximity polarization of 
the heavy metal [3]. Our focus in this work is to understand the temperature dependent evolution 
of magnetic properties at the interface between Pt in proximity with Co28Fe28Ta30B14 (CFTB). 

The sample structure is sputter deposited Pt(30Ȧ)/CFTB(100Ȧ)/Pt(30Ȧ) on Si/Si02 substrate 
which enables simultaneous probing of both interfaces. Temperature dependence measurements 
with SQUID magnetometry, polarized neutron reflectivity (PNR) and x-ray resonance magnetic 
reflectivity (XRMR) conducted at Pt L3 absorption edge were performed on the same sample. The 
scattering length density (SLD) depth profiles were extracted by GenX simulation of PNR and 
XRMR data. 

The SQUID magnetometry measurement (see Fig 1a) showed three transition temperature, Tc, 
suggesting interfacial magnetic proximity effect (MPE) in the sample and possible Ta diffusion 
within the CFTB layer modifying the magnetic moment across the sample [3]. The PNR 
measurement (see Fig 1b) shows enhanced magnetic moment around the interfaces which switches 
off at different temperatures dividing the magnetic moment across CFTB layer into three region 
consistent to the Tc1-3 on the SQUID measurements. The strong presence of strong MPE was 
verified with the XRMR measurements (see Fig 1c).  From the XRMR, the Pt polarization changes 
with temperature [4].  The Pt polarization from XRMR scales with the CFTB magnetic moment 
from PNR in a manner which is contrary to the anticipated temperature independent magnetic 
susceptibility for a Pauli paramagnet.  

  

Fig 1(a) SQUID magnetometry measurement (b) PNR SLD profile (c) XRMR SLD profile 

[1] S. Singh et al, J. Appl. Phys. 107, 123903 (2010). 

[2] T. Zhu et al, Appl. Phys. Lett. 100, 202406 (2012). 

[3] M. Tokac et al, AIP Advances 7, 116022 (2017) 

[4] T. Hase et al, Phys. Rev. B 90, 104403 (2014). 

(a) (b) (c) 
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Due to permalloy (Ni80Fe20) nanowires have excellent soft ferromagnetic characteristic and 
the shape anisotropy, it has become the preferred candidate of various spintronic devices 
based on the magnetic domain wall (DW) dynamics as a DW transport medium[1,2]. 
Recently, an ultrafast velocity of the DW in the cylindrical ferromagnetic nanowire was found 
with a movement speed of few kilometers per second, which is faster than the speed in case of 
flat nanowires without the Walker breakdown phenomenon[3]. This means that the DW spin 
structure in cylindrical ferromagnetic nanowires is more stable than in cases of flat nanowires, 
and more conducive to the fabrication of ultra-fast spintronic DW devices. Therefore, studies 
of preparation and magnetic properties of high-quality cylindrical Ni80Fe20 nanowires are very 
important for DW-based spintronic device application. In this paper, we have investigated the 
electrochemical preparation method and magnetic properties of high-quality cylindrical 
Ni80Fe20 nanowires by using various anodic aluminum oxide template. With changing the 
electrochemistry parameters, the magnetic properties of Ni80Fe20 nanowires were intensively 
examined and analyzed, as shown in Fig. 1. We believe that our work will contribute to the 
industrial mass production of spintronics devices in the future. 

This work was supported by National Key R&D Program of China (No. 2017YFB0903700), 
the National Natural Science Foundation of China (Nos. 11474183 and 51371105).  

[1] D. A. Allwood, G. Xiong, C. C. Faulkner, et al., Science 309, 1688 (2005).  
[2] Stuart S. P. Parkin, M. Hayashi, L. Thomas, Science 320(5873), 190 (2008). 
[3] A. Zhukov, J.M. Blanco, M. Ipatov, et al., J. Alloy. Compd. 707(15), 35 (2017). 

 
Fig. 1.  Influences of electrochamical patameters on magnetic properties of nanowire arrays.  
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RECONFIGURABLE MAGNONIC BAND STRUCTURE IN Py/Cu/Py NANOWIRES 
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Kostylev4 
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Rconfigurable magnonic band structure in dense arrays of layered 
Permalloy(10nm)/Cu(10nm)/Permalloy(30nm) nanowires (NWs) has been investigated by 
means of Brillouin light spectroscopy. NW are longitudinally magnetized by a magnetic field 
H=500 Oe and the wave vector (k) is swept perpendicualr to the NW length. The novelty of the 
proposed trilayer MC structure is due to the fact that interlayer dipolar coupling gives rise to 
modes whose precession in the ferromagnetic layers is either in-phase (acoustic mode) or out-
of-phase (optic mode). We have found that the overall band structure, as well as the width and 
the center frequency of the magnonic band of the most dispersive modes, can be tuned by an 
applied magnetic field which controls the relative orientation of the magnetization in the two 
NW layers being either parallel (P state) or anti-parallel (AP state). In addition, the dispersive 
modes are not the lowest frequency ones, as observed in dipolarly coupled single layer NWs. 
When the system is in the P state two dispersive modes, with positive and negative group 
velocity, are observed while when the magnetiztion are in the AP state, only one dispersive 
mode, with positive group velocity, is observed. Our findings are succesfully compared and 
interpreted in terms of a microscopic (Hamiltonian-based) method. Explanation for the 
observed differences can be attributted to phase relation between the magnetization precession 
in the two layers. In this respect, acoustic modes, exhibit a dispersive behaviour while optic 
modes, have a dispersionless behaviour, i.e. their frequency is constant vs k. This work opens 
the path to magnetic field-controlled reconfigurable magnonic crystals with multi-modal 
frequency transmission characteristics. 

 

 

 

 

 

 

 

 

 

  

 

 

 

   
  

Fig. 1: Comparison between the measured and calculated band structure for the NW array 
in the parallel (P) and antiparallel (AP) configurations where the layers magnetizations point 
in the same and opposite directions, respectively. Blue and red point indicate the most 
dispersive modes. 
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ASYMMETRIC WALKER BREAKDOWN IN TRAPEZOID-CROSS-SECTION 
FERROMAGNETIC NANOSTRIPS 
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3Department of Physics, Chungbuk National University, Cheongju 28644, Korea 

 

Field-driven domain wall (DW) propagation in ferromagnetic nanostrips with trapezoidal cross 
section has been investigated by means of micromagnetic simulation. The Walker 
breakdown[1] field as well as average velocity are found to be asymmetric for the opposite 
propagation directions. The asymmetric energy landscape, which arises from the trapezoidal 
geometry, is the main origin for the asymmetric Walker breakdown behavior. Furthermore, the 
trapezoid-cross-section nanostripe becomes a nanotube by artificially rolling it along its long 
axis. Interestingly, it is found that the dynamic properties observed in 2-dimension nanostrip 
with trapezoidal cross section are consistent with some asymmetric behaviors occurred in 3-
dimension nanotube[2,3].  

 

[1] N. L. Schryer, and L. R. Walker, J. Appl. Phys. 45, 5406 (1974). 

[2] M. Yan, C. Andreas, A. Kákay, et al., Appl. Phys. Lett. 100, 252401 (2012). 

[3] J. A. Otálora, J. A. López-López, P. Vargas, et al., Appl. Phys. Lett. 100, 072407 (2012). 

 

 
 
 

 

Fig. 1: The geometry and dimension of the 
trapezoid-cross-section nanostrip (upper panel). 
The external magnetic field direction is denoted by 
the double arrow on the top. A head-to-head 
transverse domain wall is initially positioned in the 
middle of the nanostrip, which is denoted by the 
arrows inside. The geometry and dimension of the 
cross section of the nanostrip (bottom panel). 

Fig. 2: The DW displacement varies with time driven by (a) ±10 Oe, (b) ±35 Oe 
and (c) ±50 Oe magnetic field in the case of a = 10 nm, h = 5nm. 
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The development of novel multifunctional nanoparticles with hybrid magnetic and plasmon-
optical properties opens new possibilities in their application as nanoprobes for 
immunodiagnostics [1, 2]. Our innovative breakthrough is the reliable fabrication of such 
hybrid nanoparticles by thin film technology and nanoimprint lithography, and their 
transformation into immuno-sensing nanoprobes via biofunctionalization.  

A main obstacle of such nanoprobes is their tendency to agglomerate in solution due to 
magnetic and electrostatic attractive interaction. Although tailored repulsive electrostatics by 
surface charges can successfully prevent the agglomeration to a certain degree, the 
minimization of magnetic interaction would be highly desirable. Towards this goal, we will 
discuss several paths how to engineer the magnetic part in our nanoprobes, experimentally and 
by micromagnetic simulation. Fortunately, the physical fabrication of the nanoprobes by thin 
film deposition and nano-imprinting offers the unique advantage to tailor shape and thickness 
to the highest degree and uniformity (fig. 1). The following designs are discussed in comparison 
to single elliptical magnetic layers: a) elliptical double layers with stray-field-coupled 
magnetization, b) elliptical double layer with antiparallel indirect exchange-coupled 
magnetization, and c) circular and elliptical single layer with vortex magnetization (fig. 2).  

The authors acknowledge funding from the Federal Ministry of Transport, Innovation and 
Technology (BMVIT) supported by the Austrian Research and Promotion Agency (project 
LAMPION, #861414). 
 
[1] S. Schrittwieser, F. Ludwig, J. Dieckhoff, K. Soulantica, G. Viau, L.-M. Lacroix, S.M. 
Lentijo, R. Boubekri, J. Maynadié, A. Huetten, H. Brueckl, J. Schotter, ACS Nano 6, 791 
(2012) 
[2] S. Schrittwieser, B. Pelaz, W.J. Parak, S. Lentijo-Mozo, K. Soulantica, J. Dieckhoff, F. 
Ludwig, A. Guenther, A. Tschöpe, J. Schotter, Sensors 16, 828 (2016) 
 

                  

Fig. 1: Scanning electron image of a 
nano-imprinted array of elliptical 
cylinders of size 400 nm x 200 nm. 
The total number of ellipses is more 
than 100 million on a 1x1 cm square. 

Fig. 2: Micromagnetic simulation of a 
magnetic vortex state in an elliptical 
cylinder of 400 nm x 200 nm x 70 nm (top 
view). 
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THEORY OF LINEAR SPIN WAVE EMISSION FROM A BLOCH DOMAIN WALL 
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The generation of small wavelength spin waves for future magnonic technologies will require 
nanometer-sized spin wave sources. Recent work has shown that pinned domain walls can 
generate spin waves when excited by a microwave external field [1-3] or spin-polarized current 
[4], even with wavelengths down to tens of nanometers. These results would benefit from a 
quantitative, theoretical explanation of the underpinning physics.  

We use analytical theory to demonstrate and explain the emission of exchange spin waves from 
a Bloch domain wall driven by a uniform microwave magnetic field directed perpendicular to 
the plane of the wall [5]. Crucially, we find that the spin wave emission (Fig. 1) is the result of 
a linear process, meaning that the spin wave frequency matches that of the excitation field. 
Furthermore, we explore the peculiar characteristics of the Pöschl-Teller potential well, which 
naturally represents the graded magnonic index due to the Bloch domain wall in the 
Schrödinger-like linearized Landau-Lifshitz equation. This potential is known to allow 100% 
transmission of incident waves at any frequency, for certain parameters of the potential. We 
find that the domain wall is naturally sized not only to exhibit this property, but also to 
maximize its spin wave emission. 

This research has received funding from the Engineering and Physical Sciences Research 
Council (EPSRC) of the United Kingdom, via the EPSRC center for Doctoral Training in 
Metamaterials (Grant No. EP/L015331/1), and the European Union’s Horizon 2020 research 
and innovation program under Marie Skłodowska-Curie Grant Agreement No. 644348 
(MagIC). S.A.R.H. would like to thank the Royal Society and TATA for financial support. 

 
 
 

 
[1] S. J. Hermsdoerfer, H. Schultheiss, C. Rausch, S. Schäfer, B. Leven, S.-K. Kim, and B. 

Hillebrands, Appl. Phys. Lett. 94, 223510 (2009). 

[2]  P. E. Roy, T. Trypiniotis, and C. H. W. Barnes, Phys. Rev. B 82, 134411 (2010). 

[3]  B. Mozooni and J. McCord, Appl. Phys. Lett. 107, 042402 (2015). 

[4]  B. Van de Wiele, S. J. Hämäläinen, P. Baláž, F. Montoncello, and S. van Dijken, Sci. 
Rep. 6, 21330 (2016). 

[5]  N. J. Whitehead, S. A. R. Horsley, T. G. Philbin, A. N. Kuchko, and V. V. Kruglyak, 
Phys. Rev. B. 96, 064415 (2017). 

Fig. 1: Projection onto the x−y plane of the magnetization vectors for 
the Bloch domain wall is shown for phase = 0 and (inset) phase = π. 
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CRYSTAL FACET ENGINEERING MODIFICATION OF THE NANOMAGNETISM 
OF TRANSITION METAL OXIDES 

 

Wenxian Li, Shangjia Yu, Yan Wang, Ying Li, Yemin Hu, Mingyuan Zhu 

 

Institute of Materials, School of Materials Science and Engineering, Shanghai University, 149 
Yanchang Road, Shanghai, 200072, China 

Modulation of material physical and chemical properties through selective surface engineering 
is currently one of the most active research fields, aimed at optimizing functional performance 
for applications. The activity of exposed crystal planes determines the catalytic, sensory, 
photocatalytic, and electrochemical behavior of a material. In the research on nanomagnets, it 
opens up new perspectives in the fields of nanoelectronics, spintronics, and quantum 
computation. Herein, we demonstrate controllable magnetic modulation of a-MnO2 nanowires, 
which displayed surface ferromagnetism or antiferromagnetism, depending on the exposed 
plane. First-principles density functional theory calculations confirm that both Mn- and O-
terminated a -MnO2 (1 1 0) surfaces exhibit ferromagnetic ordering. While (2 1 0) surface keeps 
antiferromagnetism as shown in Figure 1. The investigation of surface-controlled magnetic 
particles will lead to significant progress in our fundamental understanding of functional 
aspects of magnetism on the nanoscale, facilitating rational design of nanomagnets. Moreover, 
we approved that the facet engineering pave the way on designing semiconductors possessing 
unique properties for novel energy applications, owing to that the bandgap and the electronic 
transport of the semiconductor can be tailored via exposed surface modulations. 

 
Fig. 1: Atomic structure and ground magnetic state of bulk a-MnO2 and different surfaces. (a), top view 
of the unit cell with 24 atoms, a (2×3×2) tunnel. (b), nearest neighbour Mn4+-Mn4+ pair electron 
configuration and magnetic alignment. (c), the resulting (calculated) magnetic structure showing the 
isosurface plots of the spin density with the isosurface value being 0.02 electron/Å3. The isosurface plots 
of the spin density of (d), Oterminated (1 1 0) surface. (e), Mn-terminated (1 1 0) surface. (f), (2 1 0) 
surface, with the isosurface value being 0.02 electron/Å3. Note the (2×3×2) tunnels in the bulk sample 
(c) and exposed (2 1 0) plane (f) have the same anti-parallel spin alignment, while parallel alignment 
occurs in the exposed (1 1 0) planes (as shown in (d) and (e)). Big (green) balls represent Mn ions and 
small (dark red) balls represent O ions. The red and blue spherical shells indicate spin-up and spin-down, 
respectively. The covered space indicates the intensity of the moments of individual ions. 
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We show that Co spins in Co/FeRh epitaxial bilayers grown on W(110) switch reversibly 
between the two orthogonal in-plane directions as the FeRh layer undergoes temperature driven 
antiferromagnetic-ferromagnetic (AFM-FM) phase transition [1]. The LMOKE loops were 
measured fort the Co(1,3nm)/FeRh(5nm) bilayers with an external field applied along [1-10] 
and [001] in-plane directions during the temperature cycle 350 K  200 K  350 K. The 
amplitude of the LMOKE signal ROTSAT corresponding to the saturation state (Fig. 1 top panel) 
and the normalized remanence Kerr rotation ROTREM (Fig. 1 bottom panel) were determined as 
a function of temperature. The temperature evolution of the saturation Kerr signal corresponds 
to the AFM-FM phase transition in the FeRh and is characterized by a typical transition 
temperature hysteresis. In parallel, the remanence Kerr signal is a fingerprint of the 
magnetization orientation and its temperature induced evolution is a manifestation of the cobalt 
SRT between the [1-10] direction (high remanence value) and [001] direction (low remanence 
state). It is clear from a comparison of the bottom and top panel of Fig. 1 that the temperature 
driven SRT was characterized by an identical hysteresis to that of the AFM-FM phase 
transition. Thus, we consider that the SRT was induced by the phase transition of the alloy film.  
The spin reorientation of Co is driven by the evolution interfacial exchange coupling to FeRh 
system across the AFM-FM process that is shown schematically in figure 2. In the FeRhAFM 
state, the cobalt spins cannot simultaneously satisfy the parallel alignment to the opposite Fe 
spin sublattices of the compensated (110) FeRh plane, which leads to the spin-flop phenomena 
and abrupt switching of the Co magnetization to the [001] direction. Our results provide a new 
method of writing information purely by a local temperature change. This work was supported 
by the National Science Center Poland (NCN) under Project No. 2015/19/B/ST3/00543 
 
[1] P. Dróżdż et al.,  Physical Review Applied (2018) accepted  

 

                  

Fig. 1: Temperature evolution of the 
remanence and saturation Kerr Rotation  

Fig. 2: Temperature driven evolution 
of spin  structure in Co/FeRh bilayers 
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Engineering the magnetic anisotropy (MA) of ferromagnetic films is one of the key tasks in 
modern spintronics. We have recently reported on huge in plane MA in epitaxial bcc Co single 
films [1] and  Fe/Co bilayers [2] on Fe(110) surface and indicated the possibility for precise 
MA tuning by minor changes of Co and Fe overlayer thickness. In the present contribution we 
focus on epitaxial bcc Co/Fe(110) superlattices (SLs) to point out another efficient method to 
tailor the in plane MA. We show that the in plane MA of Co/Fe SL can be drastically modified 
by the adsorption of residual gases. We find that only in Co terminated SLs MA is sensitive to 
adsorption effects while in the Fe terminated it remains almost unchanged. 

We used MOKE microscope to study the Co/Fe superlattices MBE-grown on wedged Fe(110) 
buffer layer pre-deposited on W(110). In Fig. 1 we present exemplary MOKE results for 
Co5Å/Fe5Å SLs. In left panel the magnetic state of the as prepared sample is imaged, where the 
white dotted line marks the border between dark and bright areas that are magnetized along 
[110] and [001] respectively. Analysis of magnetic hysteresis loops that can be extracted for 
any selected ROI reveals that the dotted line represents the critical Fe thickness dc of in plane 
spin reorientation transition and can be therefore treated as a measure of in plane MA. In as 
prepared sample the MA is very weakly dependent on the termination of Fe/Co SL. After the 
exposure to total ~ 40 L of UHV residual gases the MOKE image changes drastically. The dc 

and MA are strongly enhanced at Co terminated areas while they remain unchanged for Fe 
terminations.  

We will present detailed study of adsorption induced MA in Fe/Co bilayers and SLs. 
Particularly we will focus on samples with wedged Fe and Co sublayers. We determine 2-
dimensional MA maps that illustrate how adsorption effects can selectively tailor the MA in 
(repetition number/termination, sublayer thickness) 2D space. 

This work was partially financed by the Faculty of Physics and Applied Computer Science 
AGH UST statutory tasks within subsidy of Ministry of Science and Higher Education. 

[1] M. Ślęzak et al., Phys. Rev. B 94, 014402 (2016) 
[2] M. Ślęzak et al., AIP Advances 8, 056806 (2018) 
 

 

Fig. 1 Differential MOKE images taken in the sample’s remanence states. 
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LARGE EXCHANGE BIAS IN RUDDLESDEN-POPPER LAYERED SYSTEM AND 
THE IMPORTANCE OF COMPETING MAGNETIC INTERACTIONS 
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1Department of Physics, Indian Institute of Technology Madras, Chennai, India 600036. 

 

In layered Ruddlesden-Popper (RP) perovskites the layers stacked like (AO-MO2-A'O) where 
A is rare earth and A' are rock salt ions.[1]  Many of the three dimension compounds with cobalt 
and manganese as transition metals exhibit exchange-bias (EB) effect, for which there is a shift 
of the hysteresis loop as a function of the applied magnetic field [M(H)] curve.[2-3] For the 
first time, we have studied EB effect in a single-layered RP SrPrCo0.5Mn0.5O4 system. 

Aim of this work is to synthesize the phase pure single layered RP compound in polycrystalline 
form and study its crystal structure, magnetic and phonon properties. X-ray diffraction data 
confirmed that compound crystallizes in a tetragonal structure with I4/mmm space group. From 
Rietveld refinements the lattice parameters are obtained, as a = 3.8250(1) Å and c = 12.4825(2) 
Å. dc magnetization shows the presence of multiple magnetic transitions at 181 K, 90 K and 30 
K respectively. The inverse susceptibility vs. temperature plot fitted with Curie-Weiss law 
(CW) from 213- 350 K, and a positive P= 89 K obtained, which indicates the presence of 
dominant ferromagnetic (FM) interactions. We observed the presence of ferromangeitic, 
antiferromagnetic and glassy transitions in this compound, which have been further analyzed 
with magnetic memory and isothermal measurements.  From the memory measurmemt we 
confirmed the presence of glassy nature below 30 k. The M−H curves show an exchange-bias 
effect induced by the presence of competing magnetic interactions, which are observed below 
25 K are more intense at 5 K with EB of 3.8 kOe at 50 kOe cooling field. We have also observed 
a zero field cooled EB in this compound. Further training effects supports the large exchange 
bias phenomena at 5 K. Raman spectroscopy studies revealed the observation of spin-phonon 
coupling at the first magnetic transitions and deviate from the anharmonic phonon behavior at 
this transition temperatures. 

Authors would like to thank IIT Madras for the SQUID-VSM measurements. 

[1] S. N. Ruddlesden, R Popper Acta Cryst. 10, 538 (1957). 
[2] J. Krishna Murthy and A. Venimadhav Appl. Phys. Lett. 103, 252410 (2013). 
[3] R.C.Sahoo, D.Paladhi and T.K.Nath Journal of Magnetism and Magnetic Materials 
436, (2017). 
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Antiferromagnetic (AFM) materials are suitable for spintronic devices working in the THz 
range [1]. When it comes to modeling, they need a proper theoretical approach, which is 
generally based on the analysis of the magnetizations of the two AFM sublattices. 

We have developed a micromagnetic code which performs numerical simulations of an AFM 
layer by solving the Landau-Lifshitz equations of motion for the magnetizations M1 and M2 
of the two sublattices. In particular, in this work, we propose an AFM spin-Hall oscillator, 
consisting of an AFM layer coupled to a heavy metallic layer (Fig.1). The AFM layer is 
square-shaped, with in-plane dimensions 40x40 nm2, and is modeled with in-plane anisotropy 
(along x). The heavy metal is designed with 4 terminals that can be used to apply a charge 
current, and/or to read the device resistance. The direction of the spin-Hall polarization p 
depends on the direction of the current, so that it can be modified by applying the current 
differently at the terminals [2].  

Simulations highlight that, whatever the direction of p, the magnetizations of the sublattices 
precess around that direction, as sketched in the inset of Fig.2, with uniform magnetic 
configurations. However, if p lies along the easy axis, a small thermal field is needed to excite 
the dynamics. Excitation, moreover, shows a hysteretic behavior, since the current to switch 
off the dynamics is lower than the ignition current. Frequency of dynamics is in the range of 
THz, and, in particular, the component of the magnetization along the spin polarization has a 
double frequency with respect to the other components. Such properties, highlighted within a 
systematic study performed by varying the exchange constant A, the damping , and the 
thickness d of the AFM, are in agreement with theoretical predictions. Equally, the obtained 
blue-shift of the frequency with the applied current (see an example of curve for a particular 
set of parameters in Fig.2) was expected by theory. By means of micromagnetic simulations, 
we have also predicted that dynamics in presence of Dzyaloshinskii–Moriya interaction are 
characterized by a translation of non-uniform domain walls along the AFM layer. 

[1] R. Khymyn, et al., Sci. Rep. 7, 43705 (2017). 

[2] L. Liu, et al., Phys. Rev. Lett. 106, 036601 (2011). 

                                  

Fig. 1: Schematics of the simulated 
device: a 4-terminal bi-layered spin-
Hall oscillator made of an 
antiferromagnet coupled to a heavy 
metal. 

Fig. 2: Oscillation frequency of the AFM 
sublattices vs. current for a particular set of 
parameters. Inset: sketch of the precession of 
the sublattices around the spin-Hall 
polarization. 

MON - P 17
M

O
N

D
A

Y

- 55 -



SPIN DOPPLER EFFECT INDUCED BY INTERFACIAL DZYALOSHINSKII-
MORIYA INTERACRION 

 
Hong Xia 1, 2, Changyeon Won 3, Ming Yan 4, Siying Huang 1, Chao Zhou 1, Hanbin Zhao 2* 

and YiZheng Wu 1* 
 

1 Department of Physics, Fudan University 
2 Department of Optical Science and Engineering, Fudan University 

3 Department of Physics, College of Sciences, Kyung Hee University 
4 Department of Physics, Shanghai University 

 
The observation of skyrmion crystal boosts the research of magnetic materials in the 
presentation of Dzyaloshinskii-Moriya interaction (DMI) and makes it as a hot topic in 
spintronics. Different from the Heisenberg exchange interaction, which favors collinear 
magnetic order, the DMI could induce non-collinear magnetic order. It has been found that DMI 
could also influence the spin waves (SW) propagation [1, 2], and induce the nonreciprocal SW 
propagation, which further stimulated the design of spintronics devices based on the SW 
propagation [3]. In general, previous studies only considered the isotropic DMI, which means 
that the DM strength between the different neighboring spins is same. However, it has been 
found that the DMI is strongly related to the crystalline structure [4], and in the ultrathin 
magnetic film grown on the heavy-metal substrate with D2d symmetry, the interfacial DMI 
could be anisotropic with the DM strength strongly depending on the crystalline orientation 
between the neighboring spins [5], and such anisotropic DMI could induce the antisckyrmion. 
In this contribution, we studied the SW nonreciprocality induced by both isotropic and 
anisotropic DMI through micromagnetic simulation. Through both theoretical analysis and 
simulation, the SW nonreciprocality can be characterized as the Spin Doppler effect (SDE) 
occurring in the moving ferromagnetic medium, which is similar to the SDE induced by spin 
current [6]. The equivalent velocity of the ferromagnetic medium is found to be proportional to 
the magnitude of DM vector. Such SDE can be cancelled out by carefully adjusting the strengths 
of DMI and spin current. Under the anisotropic DMI, the SDE shows anisotropic behavior while 
rotating the in-plane magnetization, and the zero SDE would exist for the magnetization along 
particular direction even with strong DMI (Fig. 1). In addition, in the system with strong enough 
DMI, the SDE velocity could be larger than the SW propagation velocity, then a spin shock 
wave could be observed with a sharp spin wave Mach-Cone (Fig. 2). 

 

[1] Jung-Hwan Moon, et al, Phys. Rev. B 88, 184404 (2013). 

[2] A. A. Stashkevich, et al, Phys. Rev. B 91, 214409 (2015).  

[3] Jin Lan, et al, Phys. Rev. X 5, 041049 (2015). 

[4] A. Fert, and Peter M. Levy, Phys. Rev. Lett. 44, 1538 (1980). 

[5] Lorenzo Camosi, et al, Phys. Rev. B 95, 214422 (2017). 

[6] R. D. McMichael and M. D. Stiles, Science 322, 368 (2008). 

 

 

 

 

 

 

 

 Fig. 1: The SDE with the in-plane 
magnetization rotation. 

Fig. 2: The spin shock wave with spin wave Mach-
Cone. 
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The heterojunction between ferromagnetic and ferroelectric materials allows the generation of 
novel characteristics or modulation of material properties. The interface at the heterojunction 
has attracted much attention for new material design and material science. 
 Here, we investigate that the physical mechanism of generation of magnetic anisotropy 
induced by the heterojunction between Ni layer and single crystalline Y-cut LiNbO3 substrate.  
The system previously demonstrated that zebra-stripe domain structures were spontaneously 
formed in the Ni wires by the competition among the shape and additional magnetic anisotropy 
induced by the heterojunction. [1] As shown in Fig. 1, the formation of zebra-stripe domain 
structure has been clearly observed by magnetic imaging techniques using XMCD-PEEM and 
Kerr microscopy. In addition, the magnetoresistance measurements have revealed the magnetic 
anisotropy is uniaxial along the X-direction of LiNbO3 substrate. However, a definitive physical 
mechanism to generate the uniaxial magnetic anisotropy has been not yet obtained. 

In this study, to understand the physical mechanism, we measure the X-ray 
photoemission spectroscopy of the Ni/LiNbO3 system. By comparing the XPS spectrum from 
Ni/SiO2 system with the Ni/LiNbO3 system, we found the XPS peak shift of Ni near the 
interface. The modulation of electronic state distribution near the interface of Ni/LiNbO3 
system can generate the uniaxial magnetic anisotropy in the Ni layer. 

This work was supported by JSPS Grants-in-Aid for Scientific Research B (No. 
17H02755). 

[1] A. Yamaguchi, T. Ohkochi, A. Yasui, T. Kinoshita, and K. Yamada, J. Magn. Magn. 
Matter. 453 (2018) 107. 

 

 

 

 

 

 

 

 

Fig. 1: Kerr images of Ni wires placed (a)(b) parallel and (c)(d) perpendicular to the OF 
direction of LiNbO3 substrate. An external magnetic fields of (a) 0, (b) 2.3 k, (c) 0, and (d) 
2.3 kA/m are applied parallel to the longitudinal axes of Ni wires. Magnetic field 
dependence of magnetization distributions calculated by Micromagnetic simulations. The 
magnetic anisotropy is perpendicular to the longitudinal axis of Ni wire. The external 
magnetic field is applied parallel to the wire direction. 
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OBSERVED BY SURFACE AND LOCAL PROBES 

 
M. Jurczyszyn1, K. Maćkosz1,2, J. Stępień1, M. Waśniowska3, A. Quer3, M. Kallaene3, 
K. Rossnagel3, I. Miotkowski4, V. Monteseguro-Padron5, A. Kozłowski2, Z. Kąkol2, 

M. Sikora1, M. Przybylski1,2 
 

1Academic Centre for Materials and Nanotechnology, AGH University of Science and 
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Bi2Se3 single crystals belong to the class of materials called Topological Insulators (TI). These 
are insulators in the bulk with surface states protected by time reversal symmetry that is 
resistant to impurities, defects, and geometry deformations. Quantum anomalous Hall effect 
has been observed in thin films of V and Cr doped TI, i.e. magnetic topological insulators, 
where robust bulk ferromagnetic ordering is spontaneously developed. The ability to 
externally control the magnetic properties of TI could be important both for fundamental and 
technological interest, particularly in the view of recent developments in magnetoelectrics and 
spintronics. 

Among crystalline TI the long range magnetic order is established only in the Mn-doped 
Bi2Te3 in the temperature range below TC = 12 K. On the other hand, the ordering temperature 
of Mn doped Bi2Se3 is significantly lower. Also the magnetic susceptibility depends strongly 
on exact stoichiometry that is tentatively ascribed to distribution of transition metal dopants 
between Bi sites and interstitial position within quintuple layers (QL) and van der Walls 
(vdW) gap. 

In this contribution we present results of systematic investigations of the pristine and Mn 
doped single crystals of bismuth chalcogenides by means of Scanning Tunneling Microscopy 
(STM) and Spectroscopy (STS) supported by Density Functional Theory (DFT) and Extended 
X-ray Absorption Fine Structure spectra (EXAFS). Atomically resolved STM images of the 
surface of pristine crystals show a significant amount of surface protrusions due to structural 
defects [1]. Based on DFT calculations it was possible to attribute their origin. Majority of the 
defects is related to BiSe  and BiTe substitutional sites. Nonetheless, EXAFS analysis of local 
structure of magnetic dopants revealed significant differences between Mn:Bi2Te3 and 

Mn:Bi2Se3. Predominantly substitutional doping is observed for Mn:Bi2Te3. In the case of Mn 
doped Bi2Se3 a comparable amount of substitution sites and Oh vdW interstitials is observed. 
However, the other kind of interstitials, i.e. Oh QL and Td vdW, cannot be neglected. We 
compare these findings with the evolution of effective magnetic moment determined from 
temperature dependence of magnetic susceptibility. The results are discussed with support 
from the ab-initio calculations providing cohesive energy of different Mn interstitials in 
Bi2Se3 structure.  

This work was supported by the National Science Centre, Poland (grant no: 
2015/17/B/ST3/00128). 
 
[1] J. Dai, D. West, X. Wang, Y. Wang, D. Kwok, S.-W. Cheong, S. B. Zhang, and W. 

Wu,  Phys. Rev. Lett. 117, 106401 (2016). 
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Graphene is a promising material for a spin channel in spintronic devices because of the large 
electron mobility and the long spin diffusion length [1]. Half-metallic Heusler alloys are the 
best materials for spin injectors and detectors due to the 100% spin-polarization of electrons at 
the Fermi level [2]. Combination of these materials can lead to the improvement of performance 
of the spintronic devices [3]. However, the growth of the Heusler alloys on the graphene was 
not studied before. 

Herein, we present the influence of the growth temperature on structural and magnetic 
properties of Co2FeSi Heusler alloys thin films deposited on: CVD graphene transferred on 
Si/SiO2, epitaxial graphene on SiC and HOPG (highly oriented pyrolytic graphite – whose 
surface is similar to graphene). The films were grown by molecular beam epitaxy (on graphene) 
and by magnetron sputtering (on HOPG). In particular, the films grown on transferred graphene 
are polycrystalline, while Co2FeSi films deposited on HOPG grow with (001) texture. The 
differences in the growth between the substrates will be discussed.  

This work has been supported by the National Science Centre – Poland under the contract 
DEC-2014/15/B/ST3/02927. 

[1] W. Han et al., Nat. Nanotechnol. 9, 794 (2014) 

[2] T. Kimura et al., NPG Asia Mater. 4, e9 (2012) 

[3] T. Yamaguchi et al., Appl. Phys. Express 9, 063006 (2016) 

 

                             

Fig. 1: SAED of Co2FeSi 
on HOPG. 

Fig. 2: Growth model of Co2FeSi films on the HOPG. 
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Transition metal ferrites as Ni or Co ferrite (NFO and CFO, respectively) are ferrimagnetic 
semiconductors with spin dependent band gap due exchange splitting of the electronic 
structure. Therefore, ultrathin NFO and CFO films are well suited for spin filter applications 
[1]. In addition, we demonstrated that NFO films can be used as support for Pt films to detect 
spin currents via the inverse spin Hall effect [2].  

Ultrathin NFO and CFO films are often created by pulsed laser deposition or sputter 
deposition. Recently, we demonstrated an alternative pathway to form these ferrite films by 
reactive solid phase epitaxy (RSPE) [3]. Starting with Fe3O4/NiO or Fe3O4/CoO bilayers, 
NFO and CFO films, respectively, were formed by intermixing as initiated by annealing. We 
followed the intermixing process in detail using synchrotron radiation based x-ray 
reflectometry (SR-XRR) and diffraction (SR-XRD) as presented in Fig. 1. In addition, the 
evolution of the cation distribution was followed by means of hard x-ray photoelectron 
spectroscopy (HAXPES, Fig.2). These studies were complemented by element specific 
studies by x-ray circular dichroism (XMCD) to characterize the cation distribution on the 
different sublattices of the ferrite spinel structure and to determine spin properties. In 
addition, vibrating sample magnetometry (VSM) was applied to determine collective 
magnetic properties and the magneto-crystalline anisotropy. 

[1] J.-B. Moussy, J. Phys. D: Appl. Phys. 46 (2013) 143001. 
[2] T. Kuschel et al., Phys. Rev. Lett. 115 (2015) 097401. 
[3] O. Kuschel et al., Phys. Rev. B94 (2016) 094423. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Fig. 1. Top: SR-XRR before and after 
annealing demonstrating the NFO formation 
due to intermixing of initial Fe3O4/NiO 
bilayer. Bottom: SR-XRD diffractogram 
showing the formation of NFO film. 

Fig. 2. HAXPES studies on the Fe 2p 
emission for an initial (A) thick and (B) 
thin NiO film. The spectra evolve from 
the mixed Fe2+/Fe3+ valency of Fe3O4 to 
the single Fe3+ valency of NFO. 
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ON MgO(001) 

 

Taro Nagahama1, Yuki Goto2, Masato Araki2, Takashi Yanase1, Shimada Toshihiro1
,
 

Masahito Tsujikawa3,4, and Masafumi Shirai3,4 

 
1 Graduate School of Engineering, Hokkaido University, Sapporo 060-8628,Japan 

2 Graduate School of Chemical Sciences and Engineering, Hokkaido University, Sapporo 
060-8628, Japan 

3 Research institute of Electrical Communication, Tohoku University, Sendai 980-8577, Japan 
4 Center for Spintronics Research Network, Tohoku University, Sendai 980-8577, Japan 

 

    In the spintronics, various alloys and intermetallic compounds are utilized due to its 
peculiar functions, i.e. Heuslar alloy or L10-FePt. With regard to magnetic tunnel junctions, 
Fe/MgO/Fe junctions have been widely used because of giant tunnel magnetoresisitance 
effect owing to the coherent tunneling. However, the lattice mismatch of 4% exists between 
Fe and MgO, which generates the interface defects [1]. In this study, we fabricated the 
metastable Fe1-xSnx (0<x<0.4) alloys with the bcc structure to enlarge the lattice constant. At 
x=0.25, corresponding to Fe3Sn, an intermetallic compound exists thermodynamically, 
however, the crystal structure is hexagonal D019 [2]. We found that the B2 structure could be 
stabilized by epitaxial growth on MgO(001) substrates. 

    The samples were grown on MgO (100) substrate by molecular beam epitaxy method (Base 
Pressure: ~10-8 Pa). The film structures were MgO (100) substrate/MgO(20 nm)/ Fe1-xSnx(30 
nm)/AlO(2 nm). Fe1-xSnx layer was deposited at a temperature of 100°C on MgO substrate 
prebaked at 800°C, then the films were annealed at 300°C for 30 min. The AlO layer was 
evaporated to prevent surface oxidation.  

    The XRD -2 measurements were conducted for various Sn compositions as shown in 
Fig.1. For x=0, pure Fe, only Fe(002) peak was observed except the peaks  arising from the 
substrate. The peak positions shifted with increasing of the Sn compositions, meaning the 
lattice constants in c axis were expanded by the Sn doping. Adding to that, we could find Fe1-

xSnx(001) superlattice peaks for x>0.17, implying that the Sn occupied body centered 
positions selectively. To investigate the crystal structure in detail, STEM observations were 
carried out. The cubic structure was confirmed in STEM image as shown in Fig.2(a), and the 
B2 structure was assigned from the electron diffraction in Fig.2(b). With regard to magnetic 
properties, all the films exhibited ferromagnetic characteristics by VSM measurement at 300K. 
The magnetizations decreased with increase of the Sn composition linearly.  

[1] S.Yuasa et al., Nat. Mater. 3, 868 (2004); S.S.P.Parkin et al., Nat. Mater. 3, 862 (2004). 
[2] H. Giefers, and M. Nicol, Journal of Alloys and Compounds 422, 132 (2006). 

                
Fig. 1: θ-2θ profiles of Fe1-xSnx films for 
various x. 

Fig. 2: STEM image and electron diffractions  
          of Fe0.75Sn0.25. 
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Anisotropic magnetoresistance (AMR) is one of fundamental spin-dependent transport 
properties, which is expected to closely relate to the crystalline structures. Thus, AMR depends 
on not only the angle between the current and the magnetization, but also the angle between the 
current and the crystalline axis. Understanding the effect of the current orientation on AMR in 
single crystalline films could provide crucial information to further reveal the intrinsic 
mechanism of the spin-dependent transport properties in magnetic materials.   

In this contribution, we report the systematical studies on the current-orientation dependent 
AMR effect in single crystal CoxFe1-x alloy films. The body-center-cubic single crystal CoxFe1-

x films with x<0.7 were epitaxially grown on MgO(001) subtracts. Recently, the Co0.25Fe0.75 
alloy film attracted great interest due to its ultralow magnetic damping. In Fig. 1(a) , AMR 
ratios of  CoxFe1-x films show obvious current-orientation dependence with an in-plane four-
fold symmetry. Especially in the Co0.5Fe0.5 alloy film, the AMR ratios for current along <110> 
and <100> directions could be 20 times difference (Fig. 1(b)). Our results indicate that the 
crystalline orientation can be used to control the spin-dependent transport properties, which is 
important in designing new type of spintronics devices. As an example, we demonstrated that 
the spin rectification effect due to microwave resonant excitation also shows strong crystalline 
dependence. The temperature- and thickness- dependent AMR measurements were conducted, 
and the results show that the current-orientation dependent AMR in CoxFe1-x films is not 
induced by the phonon and interface contribution. Through the first principle calculation, we 
conclude that the observed crystalline dependent AMR effect can be attributed to the band 
anticrossing in the vicinity of Fermi level, which strongly depends on the relative angles betwen  
magnetization, current and the crystalline structure.  

 
Fig. 1. (a) The current-orientation dependence of AMR ratio of 10nm CoxFe1-x alloy films 
with different Co-concentrations measured at room temperature. (b) The typical AMR curves 
with different current orientations in Co0.5Fe0.5 film. J is the angle between current and the 
[110] axis, and M is the angle between current and magnetization. 
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Spin current converted from the charge current flow in the bottom heavy metal layer or at an 
interface can transfer spin angular momentum to local spins in an adjacent ferromagnetic layer, then 
eventually switch the magnetization. In order to manipulate magnetization with low current density, 
large charge-to-spin conversion efficiency so-called effective spin Hall angle (θSH

eff) is required. 
Recently, it has been reported the giant θSH

eff can be generated in a magnetic multilayer or superlattice 
[1-3], nonetheless, detailed study about the origin of large spin-orbit torque (SOT) in magnetic 
superlattice is still lacking. In this study, we investigate the SOT in [Co/W/Pt] superlattices of which 
W and Pt with opposite sign of θSH

eff are expected to induce large SOT. 

 Superlattices of Ta(1.5 nm)/Pt(1 nm)/[Co(0.6 nm)/W(t)/Pt(1 nm)]10/MgO(2 nm)/Ta(3 nm) 
were deposited on SiO2 substrate. The tungsten thickness (t) was varied from 0 to 1.0 nm. In order to 
quantify the θSH

eff in the superlattices, the second harmonic voltage measurements were performed [4]. 
As shown in Figure 1(a), the θSH

eff in terms of thickness shows a peak (~3.2) at t=0.6 nm. Moreover, 
we find that the trend of θSH

eff is similar to the effective magnetic anisotropy energy (K1
eff). The 

perpendicular orbital moment relative to the effective spin moment (mo/ms,eff) measured at 0 degree 
also shows the same trend as θSH

eff and K1
eff as shown in Figure 1(b). Therefore, our results indicate that 

such high θSH
eff is related to the orbital hybridization, thereby intrinsic band structure of the 

superlattice. 
 
[1] M. Jamali, K. Narayanapillai, X. Qiu, L. M. Loong, A. Manchon, and H. Yang, Phys. Rev. Lett. 

111, 246602 (2013). 
[2] K.-F. Huang, D.-S. Wang, H.-H. Lin, and C.-H. Lai, Appl. Phys. Lett. 107, 232407 (2015). 
[3] B. Jinnai, C. Zhang, A. Kurenkov. M. Bersweiler, H. Sato, S. Fukami, and H. Ohno, Appl. Phys. 

Lett. 111, 102402 (2017) 
[4] M. Hayashi, J. Kim, M. Yamanouchi, and H. Ohno, Phys. Rev. B. 89, 144425 (2014). 
 
 

 
 

Figure 1 (a) θSH
eff with changed W thickness (b) mo/ms,eff with varied tungsten thickness 
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Understanding the role of the interface is crucial to developing spintronic and high frequency 
devices. The ability to inject spins into another layer by propagating spin angular momentum across 
an interface, a process referred to as spin pumping, is often quantified by the spin mixing 
conductance. Heavy metals, such as Pt, are well known for their ability to enhance damping [1], 
with a marked increase achievable via enhanced spin mixing conductance in certain conditions [2]. 
Additional properties of heavy metal layers, such as the induced moment in Pt, have also been 
shown to differ depending upon the interface on which they are grown [3]. 

Here we present results on the effect of increasing ultrathin heavy metal capping and underlayers on 
the effective spin mixing conductance. To understand the role of structure at the interface, a range of 
FM thicknesses of both amorphous, CoFeB, and crystalline, Co, ferromagnetic films were used. 
Samples were grown using magnetron sputtering and measured using in-plane Vector Network 
Analyser (VNA) FMR. This method has the advantage of removing the need for either assuming a 
constant g-factor, or fitting a resonance curve with strongly coupled parameters. For amorphous 
ferromagnetic materials, the spin mixing conductance increases with increasing non-magnetic  layer 
thickness (Fig 1), whereas for crystalline materials it is highly dependent on both the crystal 
structure and the interface considered (Fig 2). These results highlight not only the importance of the 
relationship between interfacial structure and damping, but also the interface in question. 

 

 

 

 

 

 

[1] S.Azzawi et al. Physical Review B 93(5): 054402. (2016) 

[2] M. Tokaç, Physical Review Letters 115(5): 056601. (2015)  

Fig. 1: Interfacial dependance of spin 
mixing conductance for amorphous FM 
films 

Fig. 2: Interfacial dependance of spin 
mixing conductance for crystalline FM 
films 
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Magnetic films of magnetite (Fe3O4) with controlled defects, usually called antidots arrays, 
where synthesized by new technique called AFIR, that considers the deposition of a thin film 
by atomic layer deposition, the generation of holes using focused ion beam milling in the case 
of squared and hexagonal lattices, and the subsequent thermal reduction process of antidots 
arrays. Magnetic characterizations were carried out by magneto optic Kerr effect, showing the 
enhancement of the coercivity for the antidots arrays. The presence of the ordered non-magnetic 
holes induces a demagnetization field distribution that change the magnetization switching 
mechanism. This technique opens a new route of manufacture ordered antidots arrays of 
magnetic oxides with variable lattice parameters.  

 

The authors acknowledge financial support from Fondequip (refs. EQM120045 and 
EQM140092), from Fondecyt (ref. 1150952 and 11150671), from DICYT, from the Spanish 
MINECO (ref. MAT2014-59772-C2-1-P) and from the Basal Proyect (ref. FB0807). 

 

                     

Fig. 1: Outline of the process. (1) Si (100) wafers 
with 210 nm thermally grown SiO2 were coated 
with Fe2O3. (2) Antidot arrays were directly etched 
on the continuous films of Fe2O3 using an IonLine 
FIB machine. (3) The Fe2O3 antidot arrays are 
subjected to a thermal reduction process whereby 
Fe3O4 antidot arrays are obtained. 

(a) SEM image of the antidot array patterned 
on the film with 27 nm thickness. (b) Profile 
obtained from the AFM image 
corresponding to a square array with a hole 
spacing of 240 nm. Square array with a 
lattice constant of 240 (c) and 360 nm (d). 
Hexagonal arrays with a lattice constant of 
240 (e) and 360 (f) nm. 
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The rare-earth cobaltite, LaCoO3 has attracted researchers’ interest because of its 
intriguing electronic and magnetic properties. In bulk LaCoO3 , Co3+ ions have the low spin 
configuration (S = 0) at low temperatures. Thin films of LaCoO3 , however, exhibit a 
ferromagnetic ground state below ~85 K. There are several efforts to explain underlying 
physics in terms of multiple spin-state transitions, Jahn-Teller distortions, the Co-O-Co bond 
angle or the rotation of the CoO6 octrahedra, oxygen vacancies, and strain induced by doping 
with Sr or the substrate-film lattice mismatch. A complete understanding of the mechanism, 
however, has not been achieved. In this presentation, we discuss the phase transition 
mechanism of LaCoO3 and La0.3Sr0.7CoO3 thin films less than 30 nm thick grown by pulsed 
laser deposition under compressive and tensile strain using SrTiO3 and LaAlO3 substrates. We 
demonstrate that strain plays an important role in the transition and discuss mechanisms 
related to substrate-induced strain and the formation of structural domains. We will also 
discuss the roles of effective dimensionality in the thinnest films and anisotropic exchange 
interactions. 

 
This work is supported by FAME, one of six centers of STARnet, a Semiconductor Research 
Corporation program sponsored by MARCO and DARPA 
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The promise of creation of spin-wave based logic devices rests on our ability to excite spin 
waves with nanoscale wavelength and then to control their amplitude and / or phase, all on the 
nanoscale.  Au et al demonstrated that a magnetic nanoelement formed above a longitudinally 
magnetised magnonic waveguide can act as an efficient spin-wave transducer, valve and phase 
shifter, each reprogrammable through switching the magnetisation in the element [1,2].  Here, 
we use micromagnetic simulations to extend the concept of Au et al to the case of the magnonic 
waveguide magnetised parallel to its width, i.e. Damon-Eshbach geometry for spin-wave 
propagation.  This system demonstrates the ability to control the propagation of spin waves 
along the waveguide via magneto-dipolar coupling to the overlaid magnetic nanoelement [1,2].  
Depending upon the direction of the magnetisation of the nanoelement and waveguide by the 
bias magnetic field, the spin waves either can be transmitted, phase-shifted or reflected in a 
controlled manner.  Our observations are explained in terms of the coupling of the discrete 
spectrum of precessional modes of the nanoelement to the continuum of the waveguide, which 
is a typical example of a Fano resonance. This is interpretation is supported by frequency 
dependent micromagnetic simulations that yield the characteristic Fano-like lineshapes for the 
reflection and transmission coefficients of spin waves in the waveguide. 

 

The research leading to these results has received funding from the Engineering and Physical 
Sciences Research Council of the United Kingdom Project No. EP/L019876/1 and from the 
European Union’s Horizon 2020 research and innovation program under Marie Skłodowska-
Curie Grant Agreement No. 644348 (MagIC). 

 [1] Y. Au, M. Dvornik, O. Dmytriiev, and V. V. Kruglyak, Appl. Phys. Lett. 100, 172408 
(2012). 

[2] Y. Au, E. Ahmad, O. Dmytriiev, M. Dvornik, T. Davison, and V. V. Kruglyak, Appl. Phys. 
Lett. 100, 182404 (2012). 

                                                                 

                             
 
 
 
 
 
         

Fig. 2: XY slices for the Mz dynamic 
component of the bottom surface of the 
antenna a.), and top surface of waveguide 
b.), under excitations of centre and edge 
mode spin waves. Part a.) demonstrates 
coupling via the oscillating stray field. 

Fig. 1: Schematic of arrangement of 
Permalloy antenna on top of Permalloy 
waveguide. Here M denotes the 
direction of magnetisation and B the 
biasing field. 
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CORRELATION BETWEEN MAGNETIC PROPERTIES AND DEPINNING FIELD 
IN FIELD-DRIVEN DOMAIN WALL DYNAMICS IN GdFeCo FERRIMAGNETS 

 

T. Nishimura1, D.-H. Kim1, Y. Hirata1, T. Okuno1, Y. Futakawa2, H. Yoshikawa2,  
A. Tsukamoto2, Y. Shiota1, T. Moriyama1, and T. Ono1,3 
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2College of Science and Technology, Nihon University, Funabashi, Chiba 274-8501, 
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3Center for Spintronics Research Network (CSRN), Graduate School of by Engineering 
Science, Osaka University, Osaka 560-8531, Japan 

 

 

The dynamics of the domain walls (DWs) in magnetic materials has been extensively explored 
for understanding the physics [1] as well as the potential applications in spintronic devices [2, 
3]. Here, we report that the depinning magnetic field strongly depends on the magnetic 
properties. For this study, Si substrate/100-nm SiN/30-nm GdFeCo/5-nm SiN films with 
perpendicular magnetic anisotropy were prepared. The DW velocity v was measured as a 
function of an applied magnetic field μ0H at different temperatures T by use of a real-time DW 
detection technique [4]. As shown in Fig. 1(a), we find that the depinning field μ0Hdep 
monotonically decreases as T increases. Furthermore, we find that μ0Hdep is proportional to 

/  as shown in Fig. 1(b), where MS is the saturation magnetization and μ0HK is the 
magnetic anisotropy field. This correlation between μ0Hdep and the magnetic properties is 
understood in terms of the creep scaling law. Details will be discussed at the presentation. 

 
References 
[1] P. J. Metaxas et al., Phys. Rev. Lett. 99, 217208 (2007). 
[2] S. S. P. Parkin et al., Science 320, 190 (2008). 
[3] J. Sampaio et al., Nat. Nanotechnol. 8, 839 (2013). 
[4] Y. Yoshimura et al., Nat. Phys. 12, 157 (2016). 
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Figure 1 (a) Magnetic field μ0H dependence of the DW velocity v at different 

temperatures T. (b) The depinning field μ0Hdep as a function of / . 
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MICROSTRUCTURAL AND MAGNETIC CHARACTERIZATION OF MNBI THIN 
FILMS 

 

K.-W. Lin1, C.-L. Huang1, Y.-L. Huang1, J.-L. Tsai1, T.-H. Wu2, E. Skoropata3, J. van Lierop3 
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Douliu, Taiwan 
3Department of Physics and Department of Physics and Astronomy, University of Manitoba, 

Winnipeg, Canada 

 

The low temperature phase (LTP) of MnBi exhibits a large magnetic anisotropy as well as a 
high coercivity that increase with warming [1]. In this study, the magnetism of MnBi thin 
films prepared using Mn, Bi, and alloyed Mn50Bi50 (at%) targets were examined.  The 
SiO2/MnBi(~25nm)/Bi(~20nm) and Ag/[Mn(~1nm)/Bi(~1nm)]10 thin films  were prepared on 
amorphous SiO2 substrates using a dual ion-beam sputtering deposition technique [2].  Post 
deposition annealing (rapid thermal annealing (RTA) or magnetic field annealing) was carried 
out to enable MnBi formation. The representative cross-sectional TEM and STEM images of 
a MnBi/Bi bilayer (RTA at 350 ºC for 1 hr) for thickness, morphology, and compositional 
analysis are shown in Fig. 1.  The magnetic properties are strongly affected by the capping 
layer thickness and composition.   

To enhance the intermixing between the Mn and Bi interfaces, Ar ion-beam bombardment 
was used in a [Mn/Bi]10 thin film. The different preferred orientations and phases (LTP and 
orthorhombic) of MnBi were found, depending on annealing temperatures and times.  This in 
turn affected the films’ magnetic properties. Results have shown that no ferromagnetic signal 
was detected for the as-deposited or Ar-ion bombarded [Mn/Bi]10 thin films. In contrast, 
magnetic field annealing (Happ. ~ 5000 Oe, perpendicular to the film plane at 400 ºC for 1 
hour under vacuum) resulted in an out-of-plane hysteresis loop. In addition, an annealed Ar-
ion bombarded [Mn/Bi]10 thin film (annealed at 550 ºC for 30 mins.) also exhibited a 
hysteresis loop (ferromagnetic properties) which is indicative of a part of the film having 
LTP-MnBi. Our results indicate that the magnetic properties of rare-earth-free ferromagnetic 
MnBi thin films can be tuned via thin film configuration (elemental or alloyed targets), ion-
beam bombardment as well as with annealing processes. 

Research was supported by MOST of Taiwan and NSERC of Canada. 

[1] P. Quarterman et al., J. Appl. Phys. 122, 213904 (2017).  

 

 
 
 
 
 
 

Fig. 1: The cross-sectional TEM and STEM (line scan profile for compositional analysis) 
images of an annealed SiO2/MnBi/Bi bilayer. 
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INTERFACIAL MANIPULATION OF MAGNETIC ANISOTROPY IN 
Ni/Cu3Au1(001) 

 

Na Lei,1, 2 Dahai Wei,2 Yuan Tian,2 Guosheng Dong,2 and Xiaofeng Jin†2  
 

1 Fert Beijing Institut, BDBC, Department of Electrical Engineering, Beihang University, 
Beijing, 100191, China 

2State Key Laboratory of Surface Physics and Department of Physics, Fudan University, 
Shanghai 200433, China 

 

The interface of nano-magnets plays a key role in developing future spintronics devices. Due 
to the reduced size or dimension, interface is crucial for determine their magnetic properties. 
As for ultrathin magnetic films or nano-wires which are commonly used in varies of spintronics 
devices, the interfacial anisotropy, which is negligible for bulk materials, might overcome the 
traditional volume terms and dominate. Therefore, the manipulation of interface condition is a 
perspective and novel approach to control magnetic anisotropy. However, the interfacial 
condition change always contains both chemical hybridization and strain change in 
ferromagnetic thin layers. Here we study the porotype system of Ni/Cu3Au1 to separate those 
two contributions. 

In this work, the magnetic anisotropy of Ni on Cu3Au1(001) with fixed lateral lattice constant 
of 0.373 nm was investigated in situ by the magneto-optical Kerr effect. The experimental 
results directly demonstrate an interfacial magnetic anisotropy due to the Au in the Ni/Cu3Au1 
interface, that the magnetic easy axis can be tuned artificially to either in-plane or out-of-plane 
by controlling the interface Cu content, please see the figure below. This work has also clarified 
the mechanism of the spin reorientation transition of Ni on Cu3Au1(001). 

This work was supported by the National Natural Science Foundation of China under grant No. 
11574018. 

 Figure: (left) The sample structure for different interface conditions. 
(right) Polar MOKE signals of Ni/Cu3Au1, Ni/1MLCu/Cu3Au1, 
Ni/0.5ML Au/1ML Cu/Cu3Au1. 
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MAGNETIC PROXIMITY EFFECT INDUCED NEGATIVE 
MAGNETORESISTANCE IN Bi2Se3/THULIUM IRON GARNET 

HETEROSTRUCTURES 
 

S. R. Yang1, C. C. Chen1, Y. T. Fanchiang2, C. C. Tseng1, K. H. M. Chen1, C. N. 
Wu1, C. K. Cheng2, M. Hong2*, and J. Kwo1* 

1Department of Physics, National Tsing Hua University, Hsinchu 30013, Taiwan 
2Department of Physics, National Taiwan University, Taipei 10617, Taiwan 

 
Topological insulator (TI) is one of emergent quantum materials exhibiting 

topological surface states (TSSs) with spin momentum locking. Breaking time reversal 
symmetry (TRS) of TSSs leads to novel phenomena such as quantum anomalous Hall 
effect. In this work, we utilized magnetic insulator TmIG with perpendicular magnetic 
anisotropy to break TRS through the magnetic proximity effect (MPE) that enables 
uniform magnetization without introducing crystal defects, as opposed to magnetic 
doping of Cr into TI. The first indication of MPE in our Bi2Se3/TmIG is revealed by 
anomalous Hall effect with a Curie temperature of at least 180K (Fig. 1). Moreover, as 
the temperature decreased, the distinct negative magnetoresistance (MR) showed up. 
Incorporating a weak localization term into the fitting function has well described the 
corresponding magneto-conductance; this indicates the gap opening of TSSs. We have 
performed the MR measurement at tilted angles to clarify the origin of negative MR. 
We observed that negative MR was weakened when the magnetization was aligned 
toward the in-plane direction, which can be understood in the picture of reduced gap 
size due to the decreased out-of-plane component of the magnetization (Fig. 2). Our 
observations imply that TRS was broken by interfacial exchange coupling and a 
spontaneous magnetization was developed, which leads to the gap opening in 
topological surface states. 
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Fig. 1. Anomalous Hall resistance RAHE of 7 nm Bi2Se3 
grown on TmIG at 100 K.  

Fig. 2 Perpendicular field (Bz = Bsinθ) depndenct MR 
at various tilted angle. The nagtive MR was suppressed 
when the perpendicular component of magnetization 
decreased, corresponding to reduced gap size. 
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ORBITAL SHAPING INDUCED UNIAXIAL MAGNETIC ANISOTROPY IN THE 
RARE-EARTH EuTiO3 
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Física Aplicada, Universidad de Castilla-La Mancha, 13071 Ciudad Real, Spain 

6 School of Physical Sciences, Dublin City University, Dublin 9, Ireland 
. 

We have investigated the spin-lattice-structure coupling behavior underlying the emergence of 
uniaxial ferromagnetic spin order in the rare earth titinate EuTiO3. Typically, half-filled 4f7 
spins are localized and isolated, however in this unusual paradigm, the spins are strongly 
affected by the overarching distortion imposed through biaxial strain. The substrate-imprinted 
symmetry breaking leads to a single oxygen octahedral tilt order (a-b-co) domain. The soft 
titanium T01 phonon mode while remaining unfrozen shows considerable additional‘softening’ 
along the diagonal [-110] direction. Concurrently, the film orders into a strong single uniaxial 
ferromagnetic domain state with the spins affixed along the [-110]. The anisotropic behavior 
seems determined by strong orbital distortion of the typically isolated rare earth f orbitals due 
to the O 2p states shaping them owing both to the unique tilt of the oxygen octahedral cage and 
an increasing orthogonal TO1 mode amplitude.  
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GROWTH AND MAGNETIC BEHAVIOR OF Cu2OSeO3 THIN FILMS

B. Sharif1, S. A. Morley1, T. Joshi1, and D. Lederman1

1Department of Physics, UC Santa Cruz, Santa Cruz CA, 95064, USA 
 

Skyrmions are particle like topological excitations found in magnetic materials[1]. Skyrmions 
have been observed in the material Cu2OSeO3, which due to its multiferroic nature, enables 
the manipulation of  magnetic structures through the application of electric fields. In bulk 
form, Cu2OSeO3 has a cubic crystal structure with lattice constant a=8.925 Å [2] and displays 
ferrimagnetism below its ordering temperature of Tc= 60 K [3]. The aim of this research is to 
investigate the possibility of producing skyrmions in Cu2OSeO3 thin films with the objective 
of obtaining room temperature skyrmion devices which can operate in ultra-dense, low power 
dissipation information storage technology. This material has been studied in bulk crystals but 
has neither been synthesized nor studied in thin film form [4]. We have explored varying 
growth parameters, using pulsed laser deposition, in order to produce thin film Cu2OSeO3. 
The structural characterization has been carried out using x-ray diffraction, reflection high 
energy electron diffraction and atomic force microscopy. The films have also been character-
ized using a superconducting quantum interference device magnetometer as well as low tem-
perature magneto-optic Kerr effect. I will discuss the structural properties of these films as 
well as their magnetic properties.  
This work was supported by the MRPI program of the University of California under grant 
no. MRP-17-454963. 

[1] S. M€uhlbauer, B. Binz, F. Jonietz, C. Pfleiderer, A. Rosch, A. Neubauer, R. Georgii, 
and P. B€oni, Science (2009)

[2] C. Langner, S. Roy, S. K. Mishra, J. C. T. Lee, X.W. Shi, M. A. Hossain, Y.-D. Chuang, 
S. Seki, Y. Tokura, S. D. Kevan, and R.W. Schoenlein, Phys. Rev. (2014). 

[3] ] S. Seki, X. Z. Yu, S. Ishiwata, & Y. Tokura, Science. 336, 198 (2012).

[4 V.A. Chizhikov, V.E. Dmitrienko, Journal of Magnetism and Magnetic Materials (2016)
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BROADBAND SPINTRONICS DIODES FOR ENERGY HARVESTING  
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Energy harvesting technologies offer a promising approach to capture energy from ambient 
sources, such as vibration, heat, and electromagnetic waves. Among them, the ambient radio-
frequency (RF) electromagnetic signals provide an attractive energy source for applications in 
self-powered portable electronics in the “internet of things” era. However, currently available 
microwave detectors based on semiconductors do not meet the practical requirements for 
energy harvesting applications. In fact semiconductor devices, such as Schottky diodes, fail to 
provide a satisfactory conversion efficiency specifically for micro-Watt power-harvesting.  

Here we show the development of a bias-field-free nanoscale spintronic diode (NSD) based 
on a magnetic tunnel junction (MTJ) having a canted magnetization in the free layer, and 
demonstrate that this NSD could be an efficient harvester of broadband ambient RF radiation, 
capable to efficiently harvest microwave powers of microWatt and below. 

We have measured the rectified voltage with an RF current in the absence of an applied 
magnetic field by applying an RF current to the device through a bias tee using a signal 
generator, while the rectification voltage VDC across the MTJ is recorded with a 
nanovoltmeter. The frequency response of the NSD shows that a novel type of frequency 
behaviour, i.e. broadband response, is achieved. Figure 1 displays an example with a RF input 
power of PRF = 10 μW, showing that the NSD rectifies a nearly constant voltage across a 100 
to 550 MHz range[1].  

Our results [1] also demonstrate that the power generated by NSDs is sufficient to drive active 
devices, such as BP nano-sized photo sensors, for use in low-power electronic systems, 
showing their potential as building blocks of self-powering devices for applications in 
wireless sensing and portable electronics in the emerging era of the “internet of things”. 

 [1] Bin Fang, et al, Spintronic nano-scale harvester of broadband microwave energy, 
arXiv:1801.00445 

 

    
Fig. 1: Figure 1: Generated voltage (VDC) 
as a function of RF frequency for RF 
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STRESS INDUCED DOMAIN WALL MOTION FOR ENERGY HARVESTING  
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In spintronics, domain wall motion is usually governed by the application of external magnetic 
fields or polarized currents [1]. Domain wall motion has also been demonstrated in multiferroic 
structures, due to the stress induced by the electric field [2]. Here, we report domain wall motion 
by stress in a pure magnetic structure. Our approach relies on the deposition of nanometer thick 
magnetostrictive CoNi/FeCo/CoNi structured microwires on a polyimide flexible thin film, 
which delivers the applied stress to the magnetic structure. Such approach can be used for 
harvesting energy from ambient vibrations, when used with sensitive pick-up coils.    

Micromagnetic simulations were performed to understand the effect of stress on microwires 
(figure 1(a, b)). The deposition of the magnetic structure was carried out using a facing targets 
sputtering to induce a preferred magnetic anisotropy along the direction transverse to the length 
of the microwires.  

Bitter Patterns were observed to examine the changes in the domain walls, as shown in fig. 1. 
Domain walls moved and they vanished after the application of large stress, as depicted in figure 
1(c) and (d) as corroborated by simulations. The hysteresis loops indicated a change in the 
anisotropy easy axis after the application of stress, as shown in fig. 2 (a, c) and fig.2(b, d).  

To explore the energy harvesting potential of reported approach, we deposited copper pick-up 
coil around the microwire of dimension 1mm2 and vibrated the sample with an acoustic wave. 
A voltage of about 1 mV (fig. 2b) is generated with 50 Ω as the resistive load of the circuit, 
which translates into a generated power of about 20 nW, and a power density of 2 W/cm2. The 
results of this experiment open the gateway to stress controlled motion of domain wall, which 
in future, can be used for energy harvesting. 

The authors acknowledge NTU and JSPS for the NTU-JSPS collaboration project. 

 

[1]     S. Bhatti, R.  Sbiaa, A. Hirohata, H. Ohno, S. Fukami, and S.N.Piramanayagam, Materials 
Today (2017), 20(9): p. 530-548. . 

[2]    T.H. Lahtinen, K.J. Franke, and S. Van Dijken, Scientific Reports (2012), 2. 

 

       
            

Fig. 1: Simulation and 
Experimental results, depicting 
domain wall motion by the 
application of stress 

Fig. 2: Change in the easy axis direction (ac) and hard 
axis direction (bd) as a result of applied stress and (e) 
the harvested voltage from the vibrations of a 
preliminary device. 
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Magnetic skyrmions show promising features to be exploited for the design of computational 
paradigms, magnetic storage and programmable logic [1]. The first room-temperature 
evidences [2] have led to open questions on spin-Hall effect (SHE)-driven skyrmion dynamics 
that have to be understood. In particular, this motion is characterized by an in-plane angle with 
respect to the direction of the applied current, i.e. the skyrmion Hall angle (SHA) SkH, which 
has been found to be independent of the current in theoretical calculations [1]. By contrast, 
experiments [2] have shown a dependence on the current ascribed to pinning due to local defects 
or to the combination of SHE-field-like torque and internal deformations of the skyrmion, such 
as a breathing mode due to thermal fluctuations [4] and/or disordered physical parameters [5]. 
Here, we have performed full micromagnetic simulations of a ferromagnet coupled to a heavy 
metal, in order to achieve an appreciable interfacial Dzyaloshinskii-Moriya interaction [1]. We 
have conceived a numerical experiment where, at zero temperature, we can control the 
excitation of the breathing mode by applying an ac perpendicular-polarized current [6]. We also 
apply an in-plane current jHM into the heavy metal, which gives rise to the SHE, and an in-plane 
external field Hy to control SkH. An out-of-plane field Hz=25mT is also applied. Our results 
(see Fig. 1) show that the SHA depends on current only under the simultaneous presence of Hy 
and breathing mode. Our micromagnetic results are confirmed by analytical calculations based 
on the formulation of a time-dependent generalized Thiele’s equation [3] where it is assumed 
that the magnetization texture depends on time to reproduce the dynamics of the breathing 
mode. Our theoretical achievements can be very important for the fundamental understanding 
of origin of the current dependence of the skyrmion Hall angle. 

[1] G. Finocchio et al., J. Phys. D. Appl. Phys. 49, 423001 (2016). 
[2] W. Jiang et al.,Nat. Phys. 13, 162 (2016); K. Litzius et al., Nat. Phys. 13, 170 (2016). 
[3] A.A. Thiele, Phys. Rev. Lett. 30, 230 (1973). 
[4] R. Tomasello et al., Phys. Rev. B 97, 060402(R) (2018). 
[5] J.-V. Kim et al., Appl. Phys. Lett. 110, 132404 (2017). 
[6] G. Finocchio et al., Appl. Phys. Lett. 107, 262401 (2015). 
 

 
Fig. 1: Skyrmion Hall angle as a function of the current density, for two different values of 

the in-plane external field, as indicated in the legend. 
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ANTIFERROMAGNETS 
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Natural hyperbolic magnetic media exist in which optical effects such Goos-Hanchen shifts  
[1] and negative reflection [2] can be tuned by simply applying external magnetic fields. We  
discuss how this occurs in antiferromagnets and show that by rotating the easy axis of the  
crystal, the hyperbolic dispersion is rotated and the angle of refraction is modified and  
cannot be defined as simply negative and positive as is done in conventional hyperbolic  
media. The optical properties (ie focusing) derived from the hyperbolic behaviour are also  
modified. Because the crystal is magnetic all afore mentioned behaviour can be tuned to a  
different frequency by applying external magnetic fields.  
 
As first demonstrated by Tang and Cohen in chiral optics, the asymmetry in the rate of 
electromagnetic energy absorption between left and right enantiomers is determined by an 
optical chirality density. Here, we demonstrate that this effect can exist in magnetic spin 
systems. By constructing a formal analogy with electrodynamics, we show that in 
antiferromagnets with broken chiral symmetry, the asymmetry in local spin-wave energy 
absorption is proportional to a spin-wave chirality density, which is a direct counterpart of 
optical zilch.[3] We propose that injection of a pure spin current into an antiferromagnet may 
serve as a chiral symmetry breaking mechanism, since its effect in the spin-wave approximation 
can be expressed in terms of additional Lifshitz invariants. We use linear response theory to 
show that the spin current induces a nonequilibrium spin-wave chirality density.  
 
[1] R. Macêdo, T. Dumelow, and R. L. Stamps, Optics Express, 22, 28467 (2014) 
[2] R. Macêdo, T. Dumelow, and R. L. Stamps,ACS Photonics 3, 9, 1670-1677, (2016)  
[3] I. Proskurin, R.L. Stamps, A.S. Ovchinnikov, J. Kishine, Phys. Rev. Lett. 119, 177202 
(2017) 
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SPIN CURRENTS IN NON-COLLINEAR ANTIFERROMAGNETS 
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Antiferromagnets have recently attracted considerable attention in the spintronics community 
because they have some unique advantages over ferromagnetic materials and spintronics 
provides means of accessing and utilizing the antiferromagnetic order.  Compared to 
ferromagnetic materials, however, the range of spintronic functionalities available in the most 
studied simple collinear antiferromagnets, is limited. In contrast, in non-collinear 
antiferromagnets, symmetry is lower and more spintronics effects can be present. The non-
collinear antiferromagnets could thus combine the advantages of collinear antiferromagnets 
such as fast magnetic dynamics with the useful functionalities of ferromagnets. 

Here, we discuss spin currents in non-collinear antiferromagnets of the Mn3X type (see Fig. 1). 
Our work [1] shows that a spin current flowing in the same direction as the charge current 
occurs in these antiferromagnets. In other words, this means that, like in ferromagnets, the 
charge current in the Mn3X is spin-polarized. In addition, we also show that a transverse spin 
currents occur in these antiferromagnets. This includes the conventional spin Hall effect, but 
also a new type of spin Hall effect, originating from the magnetic structure. These spin currents 
could be utilized in a variety of devices. For example, the spin-polarized current will result in 
a spin-transfer torque in an antiferromagnetic junction (see Fig. 2), whereas the transverse spin 
current will result in a spin-orbit torque in an antiferromagnet/ferromagnet bilayer system. We 
present microscopic calculations of such torques in nanoscopic devices. 

[1] J.   Železný et al., Spin-polarized current in non-collinear antiferromagnets, Phys. Rev. Lett. 
119, 187204 (2017) 

 

 

 

 

                                                                             
    

Fig. 1: Crystal structure of Mn3Ir Fig. 2: Antiferromagnetic junction. 
Gray arrow shows direction of current 
flow and blue its spin-polarization. 
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Using antiferromagnets as active elements in spintronics requires the ability to manipulate and 
read-out the Néel vector orientation. We demonstrate for Mn2Au, a good conductor with a high 
ordering temperature suitable for applications, reproducible switching using current pulse 
generated bulk spin-orbit torques and read-out by magnetoresistance measurements [1]. 
Reversible and consistent changes of the longitudinal resistance and planar Hall voltage of star-
patterned epitaxial Mn2Au(001) thin films were generated by pulse current densities of  107 
A/cm2. Consistent measurements of the anisotropic magnetoresistance (AMR) and the planar 
Hall effect (PHE) showed pulse current direction dependent reversible changes, providing 
direct evidence for Néel vector switching (Fig. 1). Easy read-out of the switching is provided 
by a large amplitude of the AMR of more than 6%, which is more than an order of magnitude 
higher than previously observed for other antiferromagnetic systems and one of the highest 
AMR amplitudes found for metallic magnetic thin films. We can reproduce the magnitude of 
the effect theoretically by including realistic disorder (Fig. 2) and, in particular, find the same 
dependence of the amplitude on the crystallographic directions in the experiment as in the 
calculation.  
[ 1 ] S.Yu. Bodnar, L. Šmejkal, I. Turek, T. Jungwirth, O. Gomonay, J. Sinova, A.A. 
Sapozhnik, H.-J. Elmers, M. Kläui, and M. Jourdan, Nature Commun. 9, 348 (2018).  
 

                  

Fig. 1: Longitudinal resistivity vs. number 
of applied pulse trains. The inset shows the 
sample layout. 
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Fig. 2: Calculated AMR of Mn2Au for 
different degrees of disorder due to Au excess 
and due to Mn–Au site swapping with 
dependence on the Néel vector orientation. 
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CURRENT-DRIVEN SWITCHING OF ANTIFERROMAGNETS 
 

Cheng Song, Xiaofeng Zhou, Pengxiang Zhang, Xianzhe Chen, Guoyi Shi, Feng Pan 

School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China 

 

Antiferromagnets with zero net magnetic moment, strong anti-interference and ultrafast 
switching speed have potential competitiveness in high-density information storage [1]. 
Electrical switching of antiferromagnets is at the heart of device application [2,3]. We will 
present our recent progress in the current-driven magnetization switching through spin-orbit 
torque (SOT) in two antiferromagnetic systems, including Mn2Au and [Co/Pd]/Ru/[Co/Pd] 
synthetic antiferromagnets (SAF). Body centered tetragonal antiferromagnet Mn2Au with 
opposite spin sub-lattices is a unique metallic material for Néel-order spin-orbit torque (SOT) 
switching. The SOT switching in quasi-epitaxial (103), (101) and (204) Mn2Au films prepared 
by a simple magnetron sputtering method will be discussed. We demonstrate current induced 
antiferromagnetic moment switching in all the prepared Mn2Au films by a short current pulse 
at room temperature, whereas different orientated films exhibit distinguished switching 
characters. This observation overcomes the fixed firection for the SOT in ferromagnets, because 
their perpendicular magnetic anisotropy is along a certain direction, such as (111)-Pt/Co/MgO 
and (100)-Ta-CoFeB-MgO [4]. Also, we will present the SOT in a perpendicularly magnetized 
Pt/[Co/Pd]/Ru/[Co/Pd] SAF structure, which exhibits completely compensated magnetization 
and a high exchange coupling field above 2 kOe. The magnetizations of two Co/Pd layers can 
be switched by SOT between two antiparallel states simultaneously, while the system exhibits 
a high spin-torque efficiency, 5 times larger than its ferromagnetic counterpart, becaused of 
reduced magentic moment. The magnetization switching can be read out due to much stronger 
spin-orbit coupling at bottom Pt/[Co/Pd] interface compared to its upper counterpart without Pt 
[5]. The efficient switching of antiferromagnets by current would provide a new avenue for 
magnetic memory devices with high density, high speed and low power consumption. 

This work was supported by National Key R&D Program of China under grant no. 
2017YFB0405704. 

[1] X. Z. Chen, C. Song, et al., Nat. Commun. 8, 449 (2017). 

[2] P. Wadley, et al., Science 351, 587 (2016). 

[3] S. Yu. Bodnar, et al., Nat. Commun. 9, 348 (2018). 

[4] X. F. Zhou, C. Song, et al., Phys. Rev. Appl. (under the second review). 

[5] P. X. Zhang, C. Song, et al. Phys. Rev. B (under the second review). 

                                           
Fig. 1: Experimental setup and 
current-driven switching of Mn2Au 

Fig. 2: M-H loop and current-driven 
switching of Pt/[Co/Pd]/Ru/[Co/Pd] SAF 
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SPINTRONICS OF THIN FILM GRANULAR ANTIFERROMAGNETS 
 

D. Makarov1 
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Research, Bautzner Landstraße 400, 01328 Dresden, Germany 

 

Antiferromagnets have the potential to revolutionize spintronics due to their inherently 
magnetic-field stable magnetic order and high-frequency operation. There are already great 
advances in the field especially when bulk antiferromagnets are considered. The application 
potential of antiferromagnets can be explored in full only if they will be prepared in the way 
to be compatible with a conventional microelectronic processing. This necessarily requires the 
use of (i) thin film antiferromagnets and (ii) discovery of methods to address the order 
parameter and its modifications all-electrically.  

With respect to the first challenge it is necessary to understand modifications of the magnetic 
properties and magneto-electric responses of thin film antiferromagnets with respect to their 
bulk counterparts. Typically, thin films possess grainy morphology. Hence, to determine their 
application potential, questions regarding the change of the intergranular exchange, criticality 
behavior and switching of the order parameter need to be answered. This topic will be 
illustrated on the specific example of thin film magnetoelectric collinear antiferromagnet α-
Cr2O3 studied using zero-offset Hall magnetometry and NV microscopy [1]. 

To address the second challenge it is required to develop transport-based techniques to 
harness the responses of thin film antiferromagnets. This task is difficult as minute 
uncompensated surface magnetization of antiferromagnets needs to be detected, which 
imposes strict requirements to the sensitivity of the method. I will outline our developments 
of zero-offset anomalous Hall magnetometry [2] applied to study the physics of conventional 
metallic IrMn and insulating magnetoelectric Cr2O3 antiferromagnets.  

The fundamental understanding of the magnetic microstructure of magnetoelectric α-Cr2O3 
thin films and the possibility to read-out its antiferromagnetic order parameter all-electrically 
enabled the entirely new recording concept where a magnetoelectric memory cell can be 
addressed without using a ferromagnet. With this approach, we opened an appealing field of 
purely antiferromagnetic magnetoelectric random access memory (AF-MERAM) [1]. The key 
performance parameters of the Cr2O3 based AF-MERAM will be highlighted. 

The essence of the AF-MERAM concept is that the read out is realized by acquiring Hall 
effect measurements from a thin metal layer (e.g., Pt) in proximity with the insulating Cr2O3. 
While this approach provides a convenient all-electric way to interface with the 
antiferromagnetic material, the underlying mechanism is debated to be based on either spin 
Hall magnetoresistance (SMR) or proximity effect. By carrying out temperature dependent 
anomalous Hall and magnetoresistance measurements, we found out that the signal is 
dominated by the SMR with a clear presence of an additional contribution. The origin of this 
contribution might be related to the proximity effect. These preliminary experimental results 
will be put forth for the discussion as well. 

[1] T. Kosub, M. Kopte, R. Hühne, P. Appel, B. Shields, P. Maletinsky, R. Hübner, M. O. 
Liedke, J. Fassbender, O. G. Schmidt, and D. Makarov, “Purely antiferromagnetic 
magnetoelectric random access memory”. Nature Communications 8, 13985 (2017). 

[2] T. Kosub, M. Kopte, F. Radu, O. G. Schmidt, and D. Makarov, “All-Electric access to 
the magnetic-field-invariant magnetization of antiferromagnets”. Phys. Rev. Lett. 115, 
097201 (2015). 
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SPIN FLOP INTERLAYER COUPLING IN YIG/NiO/Pt TRILAYERS OBSERVED 
BY POLARIZED NEUTRON REFLECTOMETRY  

 

F.F. Chang1, Z.Z. Luan2, P. Wang2, L.F. Zhou2, J.F.K. Cooper3, C.J. Kinane3, S. Langridge3, 
D. Wu2, and T. Zhu1 

 
1Beijing National Laboratory for Condensed Matter Physics and Institute of Physics, 

Chinese Academy of Sciences, Beijing, P.R. China 
2National Laboratory of Solid State Microstructures, Department of Physics,  

Nanjing University, Nanjing, P.R. China 
3ISIS Neutron and Muon Source, Rutherford Appleton Laboratory, Didcot, UK  

 

A new type of magnetoresistance, named spin Hall magnetoresistance (SMR), has recently 
been discovered in Pt thin films grown on magnetic insulators, such as yttrium iron garnet 
Y3Fe5O12 (YIG) [1]. In the SMR, a pure spin current Js normal to the sample plane is 
generated by a charge current Je via the spin Hall effect (SHE). Most recently, it has been 
observed that a thin antiferromagnetic insulator, such as NiO, when sandwiched between Pt 
and YIG, can enhance the generated spin currents [2]. However, the SMR of such 
YIG/NiO/Pt trilayers exhibit unexpected behavior. The SMR shows a strong temperature 
dependence and changes sign near the Neel temperature of NiO [3,4], which cannot be 
explained by any current model of SMR [1].  

In this work, the depth dependence of the magnetization and structural profiles for a 
YIG/NiO/Pt trilayer with 2-nm-thick NiO layer are determined using polarized neutron 
reflection (PNR). The PNR measurements indicate that the magnetic moment of YIG is 
perpendicular to the spin axis of NiO, experimentally supporting the model of Hou et al. 
which proposes that the low temperature negative SMR is a result of spin-flop coupling 
between NiO and YIG [4]. 

This work was supported by the National Key R&D Program of China (2017YFA0303202), 
National Natural Science Foundation of China (11674159, 11727808, 51471086 and 
51471085). The neutron work in this work was performed at the ISIS Pulsed Neutron and 
Muon Source, which were supported by a beamtime allocation from the Science and 
Technology Facilities Council. The authors also thank the partial financial support from the 
Newton Fund. 

[1] H. Nakayama, et al., Phys. Rev. Lett. 110, 206601 (2013). 
[2] H. Wang, et al., Phys. Rev. Lett. 113, 097202 (2014). 
[3] W.W. Lin and C.L. Chien, Phys. Rev. Lett. 118, 067202 (2017). 
[4] D.Z. Hou, et al., Phys. Rev. Lett. 118, 147202 (2017). 
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SPIN TRANSPORT AND SPIN-TO-CHARGE CURRENT CONVERSION IN 

Bi2Se3/Au-BASED HETEROSTRUCTURE 

 

Y. C. Liu1, Y. T. Fanchiang2, C. C. Tseng1, C. C. Chen1, J. G. Lin3, S. F. Lee4,  

M. Hong2, and J. Kwo1 

 

1Department of Physics, National Tsing Hua University, Hsinchu 30013, Taiwan 
2 Department of Physics, National Taiwan University, Taipei 10617, Taiwan 

3Center for Condensed Matter Sciences, National Taiwan Univ., Taipei 10617, Taiwan 
4Institute of Physics, Academia Sinica, Taipei 11529, Taiwan 

 

 The dissipationless surface conducting channel with helical spin texture of 

topological insulators (TIs) has great potential for spintronics application. To date, most 

experiments on the spin transport of topological surface states (TSSs) have focused on 

systems with TIs in direct contact with a magnetic layer. However, a recent study on 

magnetization dynamics of Bi2Se3/YIG shows strong interfacial coupling manifested a 

large interfacial in-plane magnetic anisotropy (IMA)1. The modulated interfacial 

magnetic properties could severely disturb spin current generation from TSSs. In this 

work, we applied the thin film transferring technique to synthesize exfoliated-Bi2Se3 

thin films onto Au/YIG and Au/Py bilayers with abrupt interfaces for ferromagnetic 

resonant (FMR) spin pumping and spin-orbit-torque FMR measurement. According to 

first principle calculations that the helical spin texture is preserved at Bi2Se3/Au 

interface2, TSS will be secured from magnetic perturbations when contacting an Au 

layer. We have observed a more efficient spin-to-charge conversion (SCC) in the 

Bi2Se3/Au heterostructure compared to Bi2Se3 or Au single layer (Fig. 1). A symmetric 

component of the ST-FMR line shape was enhanced with respect to the asymmetric 

counterpart in the Bi2Se3/Au/Py sample, when compared to Au/Py (Fig.2). The 

improved SCC in Bi2Se3/Au thus provides a new direction of tailoring TI hetero-

interface for spintronics research. 
1Y. T. Fanchiang et al., Nat. Commun. 9, 223 (2018). 

2C. D. Spataru and F. Léonard, Phys. Rev. B 90, 085115 (2014). 

                                          

 

Fig. 1. Spin-pumping-induced 2D charge current 
density  around ferromagnetic resonance 
(numbers denote thickness in nanometer).

Fig. 2 The line shape analysis of the ST-FMR 
spectrum on the transferred-Bi2Se3/Au/Py. The inset 
shows the result of Au/Py sample for comparison. 
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FOR ASYMMETRIC MAGNETORESISTANCE IN Pt/Py BILAYERS 

Tian Li1, Sanghoon Kim1, Seung-Jae Lee2, Seo-Won Lee3, Tomohiro Koyama4, Daichi 
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As one of plenty of physical phenomena in ferromagnetic and non-magnetic metal bilayers, 
an asymmetric magnetoresistance (MR) in Py/Pt bilayer has been recently reported [1-3]. As 
the current density increases, the asymmetric MR firstly linearly increases up to a threshold, 
and above the threshold it increases more rapidly. The unique threshold current density 
behavior of asymmetric MR implies different origin of asymmetric MR below and above 
threshold current density. To reveal the origin of the threshold behavior of asymmetric MR, 
we investigate the current density dependence of asymmetric MR under various magnetic 
fields [2].  

The results demonstrate that asymmetric MR below the threshold is not affected by the 
external magnetic field up to 8.9 T, which is consistent with the scenario of THz magnon 
generation: THz magnons have an energy of a few meV, which is much larger than the 
Zeeman energy induced by the magnetic field of 8.9 T (~1 meV computed from gμBB with g 
= 2). On the other hand, the rapid increase of the asymmetric MR above the threshold is 
strongly suppressed by magnetic field, suggesting that the magnetic excitations with a lower 
energy scale are involved in the asymmetric MR above threshold. Results of micromagnetic 
simulation reveal that spin-torque-induced magnetization excitation, lying in gigahertz (GHz) 
scale, is responsible for the rapid increase of asymmetric MR above threshold current density.  

Our results suggest that the asymmetric MR has two origins: the spin-torque-induced GHz 
magnon excitation for components above the threshold and the spin-flip-induced THz 
magnon excitation for components independent of the threshold. 

This work was partly supported by JSPS KAKENHI (Grant Numbers 15H05702, 26870300, 
26870304, 26103002, 25220604, and 2604316); the Collaborative Research Program of the 
Institute for Chemical Research, Kyoto University; the Cooperative Research Project Program 
of the Research Institute of Electrical Communication, Tohoku University; the R&D project 
for ICT Key Technology of MEXT from JSPS and the National Research Foundation of 
Korea (NRF) grant funded by the Korea government (MSIP) (No. 2017R1C1B2009686,  
2015M3D1A1070465, and 2017R1A2B2006119) . 

 

[1] K. -J. Kim et al., arXiv:1603.08746. 

[2] T. Li et al., Appl. Phys. Express 10, 073001 (2017). 

[3] C. O. Avci et al., Nat. Phys. 11, 570 (2015).  
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Magnetic skyrmions have excited much interest as the basis for novel data storage applications 
in which information is encoded and transferred in these magnetic knot-like quasiparticles [1]. 
The proposed read-out of any such skyrmion-based spintronic device will rely upon the 
electrical detection of a single magnetic skyrmion within a nanostructure, through, for example, 
the Hall resistivity [2]. We have fabricated nanodiscs from multilayers of Ta (3.5 nm)/Pt (3.8 
nm)/{Co (5.0 nm)/Ir (5.0 nm)/Pt (1.0 nm)}×10/Pt (3.2 nm)which support skyrmions at room 
temperature and have measured the Hall resistivity whilst simultaneously imaging the out-of-
plane component of the spin texture using magnetic scanning transmission x-ray microscopy at 
the PolLux beamline. The Hall resistivity is correlated to both the presence and size of the 
skyrmion or skyrmion-like domain into which it expands. The size-dependent part matches the 
expected anomalous Hall signal ρA

xy when averaging the magnetisation over the disc (as in Ref. 
[2]). We observed an additional resistivity contribution ρInt

xy (as in Ref. [3]), which we show is 
only dependent on the number and sign of skyrmion-like objects the present in the disc. We 
rule out likely artefacts in the measurement such as the planar Hall effect. Each skyrmion gives 
rise to a contribution of 18±3 nΩ cm of Hall resistivity, irrespective of its size [4]. 

This work was funded by the Horizon 2020 FET-OPEN project MagicSky, the FP7 ITN WALL, 
Diamond Light Source, and the EPSRC.  

[1] Fert, A. et al. Nature Nanotech. 8, 152 (2013). 
[2] Maccariello, D. et al. Nature Nanotech. advanced online publication (2018).  
[3] Raju M. et al. arXiv:1708.04084 [cond-mat.mes-hall]. 
[4] Zeissler, K., et al. arXiv:1706.06024 [physics.app-ph]. 

 

Fig. 1: ρInt
xy, versus the number of skyrmions N in the discs. A clear linear trend is seen. 

The best linear fit reveals a contribution of 18±3 nΩ cm per skyrmion. The inset shows 
the anomalous Hall resistivity change from saturation, ΔρA

xy, versus measured skyrmion 
radius rSky in the single skyrmion case. At radii below 125 nm, ρInt

xy and ρA
xy are of 

comparable size. 
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Antiferromagnetic spintronics is an emerging research field and has attracted much attention 
because of the unique properties of antiferromagnets: zero net magnetization and small 
magnetic susceptibility. Also antiferromagnets exhibit the high speed magnetization dynamics 
compared with those for ferromagnets used in the conventional spintronic devices. Recent 
studies demonstrated that the flow of spin angular momentum, i.e. spin current (Js) was 
generated from the antiferromagnet and Js also interacts with the magnetic moments of 
antiferromagnet [1]. However, the detailed mechanism of the interaction between Js and the 
antiferromagnetic structure has not fully been understood yet. 

We consider that the ferrimagnetic Co-Gd amorphous alloys, in which the Co and Gd 
moments are coupled antiferromagnetically, are a promising system for the systematic 
investigation of the interaction between Js and the antiferromagnetic structure. In this study, 
the Co-Gd composition dependence of spin-Hall magnetoresistance (SMR) was investigated 
for the in-plane magnetized Co100-xGdx amorphous alloys sandwiched by the Cr and Pt layers. 
In addition to the SMR, we also measured the composition dependence of anisotropic 
magnetoresistance (AMR) of the Pt / Co100-xGdx / Cr layers. 

Thin films were deposited on a thermally oxidized Si substrate using a magnetron sputtering 
system. First, a 4 nm-thick Cr buffer was deposited on the Si-O substrate. Then, Co and Gd 
were co-deposited to form Co100-xGdx layers with a thickness of 30 nm. Finally, a 4nm-thick 
Pt layer was deposited, which served as not only the capping layer to prevent the Co-Gd from 
oxidation, but also the layer generating transverse Js from the charge current via the spin-Hall 
effect owing to its large spin-orbit coupling. 

The M-H curves showed the magnetization (M) was changed with x. As x was increased from 
12 to 37, the local minimum of M appeared at x = 25, indicating that the compensation point 
(composition) of the present Co-Gd exists around x = 25. The composition dependence of 
AMR showed the sign change from positive to negative as x was increased, and zero AMR 
was observed near the compensation composition. On the other hand, the non-zero SMR was 
obtained even when the AMR became almost zero. Our experimental results clearly indicate 
the different scattering mechanisms for AMR and SMR. In contrast to the AMR effect based 
on the s-d scattering in the bulk, SMR depends on other parameters such as spin mixing 
conductance at the interface that do not play an important role for the AMR effect. That is a 
possible reason for the different composition dependences between SMR and AMR. In 
addition, the composition dependence of SMR ratio suggests that the magnetic sublattice 
moments contribute independently to the SMR. This finding is useful to understand the 
mechanism of the interaction between Js and the antiferromagnetically-coupled structures. 

 [1] T. Jungwirth, X. Marti, P. Wadley and J. Wunderlich, Nature Nano. 11, 231 (2016). 
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Tailoring the magnetic properties of nanoscale films through control of structure, 
composition, and confinement enables important material properties such as the magnetic 
moment, anisotropy, and coercivity to be manipulated. Amorphous materials are particularly 
interesting in this respect as they can be highly uniform, have exceptional layer perfection and 
can be grown with alloy compositions that span a large and continuous range. We report our 
recent measurements on amorphous SmCo/CoAlZr tri-layers deposited on Si substrates in 
which the magnetic properties are tuned through the layer composition and temperature [1,2]. 
We describe resonant x-ray scattering (reflectivity) and spectroscopy (XAS, XMCD) 
experiments performed as a function of helicity, temperature and applied magnetic field with 
the photon energy tuned to the Sm M4 and M5 as well as Co L3 edges. These data sets allow 
the element specific magnetic properties of the individual layers to be probed and facilitate a 
direct comparison between the magnetic properties and the chemical as well as magnetic 
structures. 

In thin layers of SmCo the magnetic and charge profiles are coincident and hysteresis loops 
show the Sm and Co sub-lattices to be strongly coupled, reversing at the same applied fields. 
XMCD spectra show the Sm and Co to be aligned ferromagnetically. In tri-layer samples the 
magnetically hard SmCo layer pins the CoAlZr over-layers whose ordering temperature is 
controlled by their relative Co:AlZr ratio. When combined in a 
SmCo/[CoAlZr]Tc=100K/[CoAlZr]Tc>300K tri-layer, a two-step reversal process is observed in 
hysteresis loops recorded at the Co edge, but loops probing the Sm moment show a more 
gradual reversal with a different saturating field. These data suggest a decoupling of the Sm 
and Co sub-lattices within the sample. Using element specific minor loops, we also find 
evidence of an exchange bias in the Co moment of the upper CoAlZr layer even at 
temperatures when the middle CoAlZr layer is expected to be paramagnetic. The presence of 
the exchange bias is evidence of an apparent magnetic inter-layer exchange coupling spanning 
a 40 nm paramagnetic layer. We argue that the observed decoupling of the sub-lattices and the 
exchange bias arises from local variations in the magnetic exchange associated with the 
distribution of atomic species within the amorphous matrix and introduce a toy model based 
on percolation effects to explain the data. Fits to the reflectivity data show that the magnetic 
profile in the middle CoAlZr layer is complex and strongly dependent on both temperature 
and applied field, supporting our percolation models. Our data shows the possibilities of 
exploiting amorphous materials and percolation effects in the next generation of magnetic 
functional devices. 

 

[1]  R.A. Procter, F. Magnus, G. Andersson, C. Sánchez-Hanke, B. Hjörvarsson, and 
T.P.A. Hase  Appl. Phys. Lett. 107, 062403(2015) 

[2] F. Magnus, M.E. Brooks-Bartlett, R. Moubah, R.A. Procter,  G. Andersson, T.P.A. Hase, 
S.T. Banks, and B. Hjörvarsson, Nature Communications  7, 11931 (2016) 
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SINGLE FEMTO-SECOND LIGHT PULSES TO SWITCH MAGNETISATION   
 

S.Mangin1 

 

1) Institut Jean Lamour, UMR CNRS 7198, Université de Lorraine, Nancy, France 
 

Since the first observation of magnetization switching in ferrimagnetic GdFeCo alloy 
films using femtosecond laser pulses in 2007 [1], understanding the mechanism behind all-
optical switching (AOS) is becoming a topic of huge interest in the magnetism community. 
Moreover ultrafast magnetization switching in magnetic material thin film without any 
applied external magnetic field is drawing a lot of attention for the development of future 
ultrafast and energy efficient magnetic data storage and memories. 

 
Two type of all optical switching have then ben distinguished: Helicity Independent 

– All Optical Switching (HI- AOS) and Helicity Dependent – All Optical Switching (HD- 
AOS). HI-AOS has only been demonstrated for GdFeCo based material and is observed after 
a single laser pulse [2]. After one pulse the magnetization is reversed in the opposite direction 
independently of the light helicity. On the other hand, HD- AOS has been observed for a large 
variety of magnetic material such as ferrimagnetic alloy, ferrimagnetic multilayer, 
ferromagnet, and granular media [3-5].  However several studies shows that HD-AOS is only 
observed after multiple pulses [6] 

 
During the presentation I will present experimental results showing that the number 

of pulses can be reduced significantly in order to switch ferromagnetic [Co/Pt] multilayers 
using only several light pulses. Those results can be explained by considering the transfer of 
heat and angular from light to the sample’s electron bath [7] 

 
In all the previously reported experiments light is used to manipulate magnetization. 

However, recently we have engineered multilayer structures in order to create hot electrons 
femto second pulses. We have demonstrate that the magnetization of GdFeCo can be switched 
using a femto-second hot electron pulse with no direct light interaction [8]  which confirm the 
work from Wilson et al [9]. Indeed they reported the switching of GdFeCo/Au bilayer via hot 
electrons generated by single pulse femtosecond laser. Moreover we have studied the 
magnetization reversal in a GdFeCo / Cu / [Co/Pt] spin valve structure. We observed single 
shot switching of both the ferrimagnetic GdFeCo and  the ferromagnetic [Co/Pt] layer. The 
magnetisation switching is found to be mediated by spin polarized hot electron transport [10]. 

 
[1] C. D. Stanciu, et al, Phys. Rev. Lett. 99, 047601 (2007). 
[2] T. A. Ostler, etal  Nat. Commun. 3, 666 (2012). 
 [3] S. Alebrand, et al   Appl. Phys. Lett. 101, 162408 (2012) 
[4] S. Mangin, et al Nat. Mater. 13, 286 (2014). 
[5] C.-H. Lambert, et al , Science 1253493 (2014). 
[6 ] M. S. El Hadri et al. Phys. Rev. B 94, 064412 (2016) 
[7] G. Kichin et al in Preparation 
 [8] Y. Xu, et al Adv Mat (2017) 
[9]  R. B. Wilson, et al  Physical Review B 95 (18), 180409 
10] S. Iihama et al. In-preperation 
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GILBERT DAMPING ON THE ULTRA-THIN PMA FILMS 
 

Y.K. Takahashi, R. Mandal, J.W. Jung, Z.C. Wen, K. Masuda, H. Sukegawa,  

Y. Sakuraba, Y. Miura, S. Kasai, T. Ohkubo, S. Mitani and K. Hono 

National Institute for Materials Science, Tsukuba, Japan 
 

Ultra-thin ferromagnetic films with perpendicular magnetic anisotropy (PMA) have 
received much attention for spintronics applications. Especially, spin transfer torque 
magnetoresistive random access memories (STT-MRAMs), consisting of arrays of magnetic 
tunneling junctions (MTJs), need ultra-thin PMA films with high PMA for attaining Gbit 
capacity. Several kinds of ultra-thin films witn MgO interface were reported to exhibit large 
PMA, such as Fe/MgO [1], Co2FeAl(CFA)/MgO [2], FeCo/MgO [3,4] and CoFeB/MgO [5]. 
Here, we estimated  of ultra-thin CFA/MgO and FeCo/MgO films by time-resolved 
magneto-Kerr effect (TR-MOKE) and discuss the origin of large  based on the 
microstructure observation and the first-principles calculation.    

CFA Heusler alloys are attractive ferromagnetic electrode materials due to their high 
spin polarization, high Curie temperature of around 1000 K and low  below 0.001. Recently, 
Wen et al. demonstrated a high TMR ratio of 132% in a perpendicular MTJ [6]. However, we 
have experimentally observed an increase in  of thin CFA/MgO hetero-structure as shown in 
Fig. 1. From the microstructure analyses, we have found significant diffusion of Al atoms 
from the CFA layer to the MgO layer. The first-principles calculations have indicated that the 
increase in  arises from the increase in DOS near EF induced by the out-diffusion of Al 
atoms from the CFA layer to the MgO layer.   

Tetragonally distorted FeCo alloys are also candidates for the ferromagnetic materials 
for STT-MRAM. Large PMA of 0.2 MJ/m3 was reported for the ultra-thin FeCo sandwiched 
by Rh layers. To further investigate the potential of this material as a ferromagnetic layer for 
STT-MRAM, we have estimated . We have found that a 1.0 nm thick film shows unusually 
high  value of 0.04. The detail microstructure observation showed the significant diffution of 
Rh into the FeCo layer and the first-principles calculation shows the diffused Rh causes the 
increase in . Judging from the large PMA and , 1.0-nm-thick FeCo film is suitable for the 
reference layer in STT-MRAM.  
[1] J.W. Koo et al. APL103, 192401 (2013).[2] Z.C. Wen et al. APL98, 242507 (2011). [3] T. Burkert et al. 
PRL93, 027203 (2004). [4] H. Oomiya et al. JPD:Appl. Phys.48, 475003 (2015). [5] S. Ikeda et al. Nat. Mater9, 
721 (2010).[6] Z.C. Wen et al.,Adv. Mater26, 6483 
(2014) 

Fig. 1: Text for the image goes 
here 

Fig. 2: Text for the graph goes here. 

Fig. 1 (a) magnetization curves, (b) 
damping constant, (c) elemental mappings 
and (d) compositional profile of 1 nm thick 
CFA film. 

Fig. 2 (a) cross-sectional HAADF-STEM 
image, (b) elemental map, (c) magnetizat- 
ion curves and (d) compositional profile of 
1 nm thick FeCo film. 
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SPIN DYNAMICS DRIVEN BY NARROW-BAND TERAHERTZ RADIATION IN 
THIN FILM FERROMAGNETS 

 

N. Awari1, S. Kovalev1, A. Semisalova1, B. Green1, K. Neeraj2, D. Polley2, M. Hudl2, P. 
Arekapudi3, S.-h. Yang4, M. Samant4, S.S.P. Parkin4,5, O. Hellwig1,3, M. Gensch1, S. Bonetti2 

1Helmholtz Zentrum Dresden-Rossendorf, Dresden, Germany 
2Department of Physics, Stockholm University, Stockholm, Sweden 

3Institute of Physics, Technical University Chemnitz, Chemnitz, Germany 
4IBM Almaden Research Center, San Jose, CA, USA 

5Max-Planck Institut für Mikrostrukturphysik, Halle, Germany 
 

The interaction between magnetism and light is receiving considerable interest in recent years, 
after the groundbreaking experiments that showed that ultrashort (∼100 fs) infrared light 
pulses can be used to demagnetize or even switch the magnetization of thin film ferromagnets 
[1]. However, to date no clear and commonly accepted understanding of the fundamental 
physical processes governing the ultrafast magnetization has been reached, partly because 
accurate modelling of the infrared fs laser-induced highly non-equilibrium state remains a key 
obstacle. 

We will present recent experiments where we excited ultrafast spin dynamics in metallic thin 
film ferromagnets with strong terahertz fields [2], rather than with infrared pulses, and probed 
it with the time-resolved magneto-optical Kerr effect. In this work, we used the narrow-band 
THz pulses produced at the High-Field High-Repetition-Rate Terahertz facility at ELBE 
(TELBE) to drive ultrafast magnetization dynamics in an amorphous CoFeB sample. Our 
measurements show that demagnetization is strongly dependent on the frequency of the THz 
pulses. In particular, we observe to a maximum in demagnetization (scaled to the intensity of 
the THz field) at around 0.5 THz for the material investigated. We propose a simple model to 
describe our observations at the microscopic level. Our results illustrate the relation between 
charge- and spin-dependent scattering of conduction electrons, deepening our understanding 
of ultrafast spin dynamics, and illustrating a possible strategy to optimize the control of the 
magnetization with ultrashort electrical pulses. 

 

 [1] A. Kirilyuk, A. V. Kimel, and T. Rasing, Rev. Mod. Phys. 82, 2731 (2010) 

 [2] S. Bonetti et al., Phys. Rev. Lett. 117, 087205 (2016) 

 

                  

Fig. 1: Schematic of the experimental 
setup. The narrow-band THz radiation is 
generated by the TELBE super-radiant 
source 

Fig. 2: Symbols: measured demagnetization 
amplitude normalized to the intensity of the 
narrowband THz field. Line: demagnetization 
calculated using the developed model. 
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SINGLE-PULSE ALL-OPTICAL SWITCHING OF SYNTHETIC FERRIMAGNETS 
FOR SPINTRONIC INTEGRATION 

 

M.L.M. Lalieu1, M.J.G. Peeters1, R. Lavrijsen1, and B. Koopmans1 

 
1Department of Applied Physics, Institute for Photonic Integration, Eindhoven University of 

Technology, the Netherlands  

 

All-optical switching (AOS) of magnetic materials has become a widely known phenomenon 
receiving extensive attention due to its high potential for fast and energy-efficient writing in 
future data storage devices. Since the discovery of AOS in 2007, two different switching 
mechanisms have been demonstrated, being a fast thermal single-pulse mechanism and a 
cumulative helicity-dependent multiple-pulse mechanism. To fully benefit from the speed and 
energy efficiency of AOS, single-pulse switching is necessary. Although this mechanism is well 
established in rare earth-transition metal alloys, future spintronic devices like the racetrack 
memory rely on interface-induced phenomena inherent to multilayered structures. In this work, 
we experimentally demonstrate single-pulse AOS in Pt/Co/Gd synthetic ferrimagnetic 
multilayers, a material system highly suitable for integration with spintronics due to its sizable 
‘DMI’ and large domain wall velocities [1] in combination with the capability of spin Hall 
effect (SHE) domain wall motion [2]. Additionally, we show measurements on the 
characterization of the SHE domain wall motion, and take a first step in merging AOS with the 
racetrack memory by writing magnetic domains in the Pt/Co/Gd stack ‘on the fly’. 

The AOS in this work is achieved using linearly polarized laser pulses with a central wavelength 
of 700 nm and a pulse duration of ≈ 100 fs. The response of the magnetization on the laser-
pulse excitation is measured both optically (Kerr microscope) and electrically (anomalous Hall 
effect (AHE)), and clearly demonstrates the toggle behavior of the thermal single-pulse 
switching mechanism, see Fig. 1. Using optical detection, the dependence of the threshold 
fluence on the Co thickness is investigated. Using the electrical detection method in a Hall bar 
structure, SHE domain wall motion measurements are performed, in which AOS is used to 
nucleate the domain walls in the Hall bar. Lastly, a ‘proof-of-principle’ of the merge between 
AOS and the racetrack memory is demonstrated, showing magnetic data being written into a 
(micron sized) Pt/Co/Gd wire using AOS, transported across the wire using the SHE, and read-
out again at the end of the wire using the AHE, see Fig. 2.    

[1]  T.H. Pham et al., Europhys. Lett., 113, 67001 (2016). 

[2]  K-S. Ryu et al., Nat. Nanotechnol., 8, 527 (2013). 

 

 

 

 

 

 

 

 

 

 
Fig. 1: (top) Typical Kerr microscope image
of an AOS measurement. Labels correspond 
to the number of laser pulses the Pt/Co/Gd 
stack is exposed to. (bottom) Typical AHE
measurement of AOS in a Hall bar structure,
showing clear toggle switching.   

Fig. 2: (top) Magnetic domain written in 
Hall bar using AOS in presence of DC 
current that transports the domain along 
the wire. (bottom) AHE measurement at 
right cross registering the transported 
AOS written domains passing the cross.  
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UNEXPECTED DIRECTION FOR SKYRMION MOTION 

 

F.C. Ummelen1, T. Lichtenberg1, R. Lavrijsen1, and H.J.M. Swagten1 

 
1Department of Applied Physics, Eindhoven University of Technology, P.O. Box 513, 5600 

MB, Eindhoven, The Netherlands. 
 

Multilayered thin films of transition metals and heavy metals are a promising system for 
magnetic skyrmion based technology. Several research groups have managed to stabilize 
skyrmions in these materials and have demonstrated current-induced skyrmion motion. The 
observed motion is typically believed to be a result of the spin Hall effect (SHE), which 
results in a torque on the Néel-type skyrmion  (due to interfacial Dzyaloshinskii-Moriya 
interactions (DMI)). In this work, we show measurements on unique current-induced 
skyrmion bubble motion that cannot be explained by the SHE alone.  

We use material stacks as proposed by Schott et al. [1], where a ferromagnetic layer gradually 
varies in thickness. In a certain narrow thickness range, the material parameters turn out to be 
balanced such that skyrmion bubbles can be stabilized (we prefer to refer to the observed 
magnetic structures as skyrmion bubbles because their size is in the order of 1 µm). Several 
material stacks are investigated, but particularly interesting is that the skyrmion bubbles are 
found in a symmetric Pt/Co/Pt stack and that these bubbles can be moved by an electrical 
current. Because the DMI is small in such a symmetric stack, the skyrmion bubbles are not 
expected to be in a (perfect) Néel configuration, so SHE driven motion is not expected. 

The phenomenon was further investigated by varying the thickness of the Pt layers. Both the 
situation where the dominant contribution to the spin current comes from the bottom Pt layer 
as from the top Pt layer are investigated. In case of motion purely driven by the SHE, motion 
in opposite direction would be expected for these two situations. However, this is not what is 
observed experimentally: unexpectedly, in both cases the skyrmion bubbles move in the 
direction of the charge current, so opposite to the electron flow, see Fig.1(b). Also, the 
traditional bulk spin transfer torque cannot explain skyrmion motion in this direction. This 
means that an additional effect has to be present, which is so far unknown for skyrmion 
motion. We speculate this to be a negative form of the bulk spin transfer torque, for which Je 
et al. have found indications using domain wall depinning experiments [2].  

 

[1]  M. Schott et al, Nanoletters 17, 5 (2017) 

[2] S.-G. Je et al, Physical Review Letters 188, 167205 (2017) 

 

 

                  

Fig. 1 (a) Typical Kerr microscope image of the observed skyrmion bubbles. (b) Skyrmion 
bubble velocity as a function of current density for various ratios of the Pt layer thicknesses. 
The bottom Pt layer is always 4 nm thick, the top layer 1.5 nm (black), 4.5 nm (blue) or 8.5 
nm (yellow).The measured velocities all have the same sign, indicating motion in the 
direction of the charge current. 

(a) (b) 
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DYNAMIC BEHAVIORS OF MODULATED AND HOMOGENOUS 
FERROMAGNETIC NANOWIRES 

 
A.O. Adeyeye and L.L. Xiong 

Information Storage Materials Laboratory, Electrical and Computer Engineering, National 
University of Singapore, Singapore 117576 

 
There has been a growing interest in the static and dynamic behaviors of magnetic 
nanostructures with controlled defects due to their potential applications in magnonics and 
domain wall logic devices .  

In the first part of this talk, results of our investigation of the magnetization reversal and 
dynamic behaviors of Ni80Fe20 nanowires (NWs) with controlled periodic width modulation on 
single and double sides of the wires investigated using magneto-optical Kerr effect and 
broadband ferromagnetic resonance spectroscopy will be presented. The structures were 
fabricated using deep ultraviolet lithography, material deposition and lift off process. Shown in 
Fig. 1 are the representative SEM images of the modulated and homogenous nanowires.  We 
observed that in contrast to the single resonance mode seen in the homogeneous NWs, the 
continuous width modulated NWs display two to five distinct resonance modes with increasing 
wire thickness due to the non-uniform demagnetizing fiel das shown in Fig. 2. The highest 
frequency mode and the frequency difference between the two distinct highest modes are shown 
to be markedly sensitive to the NW thickness [1,2].  The second part of this talk, I will present 
our results  of the dynamic behaviors of engineered interlayer exchange coupled Ni80Fe20 /Ru 
NWs with two coupling interfaces. A robust control of the coupling mechanism by varying the 
thickness of Ru has been demonstrated [3].  

This work was supported by National Research Foundation, Prime Minister’s Office, Singapore 
under its Competitive Research Programme (CRP Award No. NRF-CRP 10-2012-03) 
 

1. L. L. Xiong and A. O. Adeyeye, Applied Physics Letters, 108, 262401 (2016). 

2. L. L. Xiong, M. Kostylev, A. O. Adeyeye, Physical Review B, 95(22) 224426 (2017). 

3. L. L. Xiong and A. O. Adeyeye, J. Phys. D: Appl. Phys. 51, 025004 (2017). 

 

                  
 

Fig. 1: SEM images for the homogeneous 
and width modulated NWs of different 
profiles. 

Fig. 2: Experimental absorption spectra for the 
NWHs and NWMs at remanence (Happ = 0 Oe) as a 
function of Ni80Fe20 thickness in the range from 5 
to 70 nm.  
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INTEGRATED MAGNONIC HALF-ADDER 
 

A.V. Chumak1 

 
1Fachbereich Physik and Landesforschungszentrum OPTIMAS, Technische Universität 

Kaiserslautern, Kaiserslautern 67663, Germany 
 

Spin waves and their quanta, magnons, open up a promising branch of high-speed and low-
power information processing [1]. Several important milestones were achieved recently in the 
realization of separate magnonic data processing devices including logic gates [2], magnon 
transistor [3], and units for non-Boolean computing [4]. In particular, the realization of the 
prototype of the transistor opened up a way towards all-magnon data processing in which 
information will be carried and processed purely by magnons rather than by electrons.  

Nevertheless, the realization of an integrated magnonic circuit consisting of at least two logic 
gates suitable for further integration is still a challenge. Here we demonstrate such an 
integrated circuit at the example of a magnonic half-adder – see Fig. 1. Its key element is a 
nonlinear magnonic data processing element serving as an AND logic gate. It is combined 
with a simplest interference-based XOR logic gate using a nano-scale directional coupler [5]. 
The functionality of this nano-sized magnonic circuit is investigated and tested by means of 
numerical simulations.  

The progress towards the experimental realization of such a device will be presented in the 
second part of the talk. Spin-wave conduits made of Yttrium Iron Garnet (YIG) of widths 
down to 28 nm were fabricated (see Fig. 2) and characterized by means of Brillouin Light 
Scattering (BLS) Spectroscopy. The conduits were fabricated from a plain film grown by 
liquid phase epitaxy with consequent ion etching. The BLS measurements show that a good 
lifetime comparable to the value from the unpatterned film can be preserved during the nano-
structuring. 

This research was supported by the European Research Council Starting Grant 678309 
MagnonCircuits and by the DFG (DU 1427/2-1). 

 

[1] A.V. Chumak, et a., Nat. Phys. 11, 453 (2015) 

[2] T. Fischer, et al., Appl. Phys. Lett. 110, 152401 (2017) 

[3] A.V. Chumak, A.A. Serga, and B. Hillebrands, Nat. Commun. 5, 4700, (2014) 

[4] Y. Khivintsev, et al., J. Appl. Phys. 120, 123901 (2016) 

[5] Q. Wang, et al., Sci. Adv. 4, e1701517 (2018) 

 

            

Fig. 1: The sketch of the magnonic 
half-adder under investigations. 

Fig. 2: Nano-scale YIG spin-wave 
conduit. 
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COLLECTIVE SPIN WAVES IN ARRAYS OF PERMALLOY NANOWIRES WITH 
SINGLE- AND DOUBLE-SIDE PERIODICAL WIDTH-MODULATION 

 
G. Gubbiotti1, L.L. Xiong2, F. Montoncello3, L. Giovannini3, and A.O. Adeyeye2 

 
1Istituto Officina dei Materiali del CNR (CNR-IOM), Sede Secondaria di Perugia, c/o 

Dipartimento di Fisica e Geologia, Università di Perugia, I-06123 Perugia, Italy 

2Information Storage Materials Laboratory, Department of Electrical and Computer 
Engineering, National University of Singapore, 117576 Singapore. 

3 Dipartimento di Fisica e Scienze della Terra, Università di Ferrara, Via G. Saragat 1, I-
44122 Ferrara, Italy. 

 
Using Brillouin light scattering spectroscopy and dynamical matrix method calculations, we 
study the propagation of collective spin waves in dense arrays of periodically single-(SM) [1] 
and double-side (DM) width-modulated nanowires.[2] Width modulation is achieved by 
creating a sequence of triangular notches on the nanowire edges with periodicity of p=1000 nm. 
For the double-side width-modulation, both symmetric and asymmetric nanowires, which differ 
by the relative displacement (=0, 250 and 500 nm) of the notches sequence on the two lateral 
edges, were investigated. We found that collective the magnonic band which depend on the 
type of modulation (SM and DM) and on the relative displacements . In particular, we found 
that the lowest two frequency modes (f1 and f1

‘) belong to a doublet of modes, localized in 
different regions of the nanowires, which origin from the splitting of the modes characteristics 
of the nanowire with homogeneous width(NWNM). The origin of these doublets is explained in 
terms of the the inhomogeneity of the internal magnetic field. These results suggest a very 
efficient way for tuning the magnonic band structure and can be used for the realization of 
magnonic devices enabling parallel data processing on multiple frequencies. 
 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 
[1] G. Gubbiotti, L. L. Xiong, F. Montoncello, and A. O. Adeyeye, Appl. Phys. Lett. 111, 

192403 (2017).  
[2] G. Gubbiotti, L. L. Xiong, F. Montoncello, L. Giovannini, and A. O. Adeyeye, submitted.  

Fig. 1: Scanning electron micrographs of the homogeneous (NM), single-(SM) and double-
side (DM) width modulated NWs together with the comparison between measured (points) 
and calculated (lines) frequency dispersions at H=500 Oe for wavevector (k) perpendicular 
to the NW length. 
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COHERENT EXCITATION OF HETEROSYMMETRIC SPIN WAVES 

 

G. Dieterle1, J. Förster1, H. Stoll1, A. S. Semisalova2, S. Finizio3, A. Gangwar4, M. Weigand1,  
M. Noske1, M. Fähnle1, I. Bykova1, D. A. Bozhko5, H. Y. Musiienko-Shmarova5,  

V. Tiberkevich6, A. Slavin6, C. Back4, J. Raabe3, G. Schütz1, and S. Wintz2,3 

 
1Max-Planck-Institut für Intelligente Systeme, Stuttgart, Germany 

2Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany 
3Paul Scherrer Institut, Villigen PSI, Switzerland 
4Universität Regensburg, Regensburg, Germany 

5Technische Universität Kaiserslautern, Kaiserslautern, Germany 
6Oakland University, Rochester MI, USA 

 

The investigation of spin-wave phenomena, also referred to as magnonics, plays an important 
role in present magnetism research [1]. This holds true, in particular, as spin waves are seen as 
signal carriers for future spintronic information and communication technology devices, with a 
high potential for further device miniaturization and reduced power consumption. Yet a 
successful implementation of magnonic technology will require the usage of spin waves with 
nanoscale wavelengths. In line with this, novel spin-wave excitation mechanisms were found 
recently, which overcome the minimum excitable wavelength limit conventionally imposed by 
the smallest patterning size of the antenna. One of those methods utilizes the translation of 
layered topological magnetic defects, i.e. the gyration of coupled spin vortex cores, to locally 
generate short wavelength propagating spin waves in a controlled way [2].  

Here we will show that the vortex core based excitation mechanism [2] can be generalized to 
plain magnetic film systems, in our case a Ni81Fe19 layer with 80 nm thickness [3]. The resulting 
spin waves were directly imaged by means of time-resolved x-ray microscopy, where a 7.4 
GHz excitation led to the emission of concentric spiraling spin waves with ~140 nm 
wavelength. Furthermore, the emitted waves were found to be efficiently tunable in wavelength 
by the excitation frequency between 5 GHz and 10 GHz, resulting in ultrashort wavelengths of 
~80 nm at 10 GHz. At such frequencies, remarkably, the spin waves observed exhibit much 
shorter wavelengths than those of the common Damon-Eshbach mode which have a 
characteristic quasi-uniform precession amplitude over the film thickness. By means of analytic 
calculations we identified the emitted spin waves to belong to the first higher order mode of the 
Damon-Eshbach geometry, which is known to be antisymmetric in amplitude over the film 
thickness (bearing a precessional node in both dynamic components) for the ferromagnetic 
resonance case of infinite wavelengths. In contrast to the latter, our calculations show that for 
the short wavelengths observed in our experiment, multi-mode hybridisation leads to a 
heterosymmetric spin-wave thickness profile with a node only in one of the dynamic 
magnetization components. This peculiar profile coincides with a cross-sectional line of pure 
linear magnetic oscillation as well as of regions with reversed (anti-Larmor) magnetization 
precession sense. 

[1] A. V. Chumak et al., Nat. Phys. 11 453 (2015). 
[2] S. Wintz et al., Nat. Nanotech. 11 948 (2016). 
[3] G. Dieterle et al., arXiv:1712.00681 (2017). 

Figure: Spin waves. (a) Vortex. (b) Absolute and (c) normalized x-ray imaging at 7.4 GHz. 
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RECENT DEVELOPMENTS IN 3D-PRINTED MAGNETIC NANOSTRUCTURES   
 

A. Fernández-Pacheco1, D. Sanz-Hernández1, L. Skoric1, A. Welbourne1, J-W. Liao1, 
J. Pablo-Navarro2, C. Magén2, J. M. De Teresa2, R. Hamans3, R. Lavrijsen3, J. 

Fowlkes4, P. Rack4, R. Streubel5, M.-Y. Im5, P. Fischer5. 
1Cavendish Laboratory, University of Cambridge, UK   

2Laboratory of Advanced Microscopies, Zaragoza, Spain 
3Department of Applied Physics, TU Eindhoven, The Netherlands 

4Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, USA 
5Division of Materials Sciences, Lawrence Berkeley National Laboratory, Berkeley, USA 

 

Three-dimensional nanomagnetism is an exciting new area of research [1], with potential 
applications in fields such as data storage, nanoelectronics and biology. In 3D nanomagnets, 
new physical effects emerge, with geometry, topology and chirality becoming interlinked. In 
this talk, I will show our recent work involving advanced synthesis and characterization of 3D-
printed magnetic nanostructures.  

Thanks to new modelling [2] and computational [3] tools, we are expanding the capabilities of 
Focused Electron Beam Induced Deposition, enabling advanced 3D nanofabrication of 
magnetic nanostructures [4]. These recent developments, added to the implementation of a new 
magneto-optical technique exploiting dark-field effects, has allowed us to perform pioneering 
domain wall studies in 3D Permalloy nanowires [5]. 

Additionally, we have performed soft X-Ray magnetic transmission microscopy experiments 
in diameter-modulated Cobalt nanowires [6], observing different magnetic states at remanence 
and during reversal of the wires. In particular, by matching experimental XMCD cross sections 
along the wire length with the contrast obtained from micromagnetic simulations, we infer that 
skyrmionic spin spirals are formed in the wires, in agreement with recent theoretical predictions 
[7]. We will discuss the stability of these states in the framework of magnetostatic interactions.   

We acknowledge funding from EPSRC grants EP/M008517/1 and EP/L015978/1, the Winton 
Program for the Physics of Sustainability, The U.S. Department of Energy, Office of Science, 
Office of Basic Energy Sciences, Materials Science and Engineering Division Contract Nos. 
DE-AC02-05-CH11231 and DE-AC05−00OR22725, and EU funding via the COST action 
CELINA. 

[1] Fernández-Pacheco et al, Nature Comm. 8, 15756 (2017). 
[2] Sanz-Hernández et al, Beilstein J. Nanotechnol. 8, 2151 (2017). 
[3] Fowlkes et al, ACS Appl. Nano Mater., (2018) accepted. 
[4] Pablo-Navarro et al. J. Phys. D: Appl. Physics 50, 18LT01 (2017). 
[5] Sanz-Hernández et al, ACS Nano 11, 11066 (2017). 
[6] Sanz-Hernández et al, in preparation.  
[7] J. A. Fernández-Roldán et al, arXiv:1801.00643 (2018). 
 

                  

Fig. 1: 3D-printing and magneto-optical probing of magnetic 
nanostructures 
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MAPPING THREE DIMENSIONAL INTERNAL MAGNETISATION STRUCTURES 
WITH X-RAY MAGNETIC NANOTOMOGRAPHY 
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Holler2, Jörg Raabe2 & Laura J. Heyderman1,2 
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2Paul Scherrer Institute, 5232 Villigen, Switzerland 
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Three dimensional magnetic systems promise significant opportunities for applications, for 
example providing higher density devices and new functionality associated with complex 
topology and greater degrees of freedom [1]. For the experimental realisation of these new 
properties, appropriate fabrication, and characterisation techniques are required.  

For the determination of the magnetic configuration in a three dimensional system, we have 
developed hard X-ray magnetic imaging at the nanoscale [2], and combined this with a new 
iterative reconstruction algorithm, and a dual rotation sxis experimental setup (see Figure 1) 
to achieve hard X-ray magnetic tomography [3]. This provides a determination of the three 
dimensional magnetic configuration at the nanoscale within micrometre-sized samples where 
no previous knowledge of the magnetic configuration within the sample is required. In a first 
demonstration of the technique, we have determined the complex three dimensional magnetic 
structure within the bulk of a micrometre-sized soft magnetic pillar and observed a complex 
magnetic configuration that consists of vortices and antivortices that form cross-tie and vortex 
walls along orthogonal planes. In addition, we have determined the magnetic configuration 
surrounding Bloch point singularities found at the intersections of the topological magnetic 
structures and we have identified different Bloch point types [3] – that is, a circulating Bloch 
point, and an anti-Bloch point, which are shown in Figure 2a and b, respectively. With its 
high penetration depth, hard X-ray magnetic tomography opens the possibility for the 
elucidation of complex three dimensional magnetic structures for a range of extended 
magnetic systems with high spatial resolution. 

[1] Amalio Fernández-Pacheco, Robert Streubel, Olivier Fruchart, Riccardo Hertel, Peter 
Fischer and Russell P. Cowburn, Nature Comm. 8, 15756 (2017). 

[2] C. Donnelly, V. Scagnoli, M. Guizar-Sicairos, M. Holler, F. Wilhelm, F. Guillou, A. 
Rogalev, C. Detlefs, A. Menzel, J. Raabe and L. J. Heyderman, Phys. Rev. B 94, 064421 
(2016) 

[3] C. Donnelly, M. Guizar-Sicairos, V. Scagnoli, S. Gliga, M. Holler, J. Raabe and L. J. 
Heyderman, Nature 547, 328 (2017).  

                  

Fig. 1: Experimental setup for hard X-ray 
magnetic tomography, in which ptychographic 
scans are measured with circularly polarized 
X-rays around a tomographic rotation axis for 
two sample orientations. 

Fig. 2: The magnetic structure surrounding 
a) a Bloch point and b) an anti-Bloch 
point, that occur at the intersection points 
of a vortex core and a domain wall. Scale 
bars represent 100 nm. 
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 MAGNETIZATION PINNING IN MODULATED NANOWIRES: FROM 
TOPOLOGICAL PROTECTION TO THE “CORKSCREW” MECHANISM 

 

J. A. Fernandez-Roldan1, Rafael Perez del Real1 , Cristina Bran1, Manuel Vazquez1 and 
Oksana Chubykalo-Fesenko1  

 
1 Instituto de Ciencia de Materiales de Madrid, CSIC, c/Sor Juana Inés de la Cruz, 3, 28049, 

Madrid, Spain  

 

Diameter-modulated nanowires offer an important paradigm to design the magnetization 
response of 3D magnetic nanostructures by engineering the domain wall pinning at the 
interfaces between neighboring segments. With the aim to understand its nature and to control 
the pinning process, we analyze the magnetization response in FeCo periodically modulated 
polycrystalline nanowires varying the minor segment diameter. Our modelling [1] indicates a 
very complex behavior with a strong dependence on the disorder distribution and an 
important role of topologically non-trivial magnetization structures. The presence of 3D 
hedgehog skyrmions is inherent for the magnetization reversal processes and defines the 
pinning nature in nanowires of modulated diameter.  We demonstrate that modulated 
nanowires with a small diameter difference are characterized by an increased coercive field in 
comparison to the straight ones which is explained by a formation of topologically protected 
walls formed by two 3D hedgehog skyrmions with opposite chiralities. For a large diameter 
difference we report the occurrence of a novel pinning type called here the “corkscrew”:  the 
magnetization of the large diameter segment forms a skyrmion tube with a core position in a 
helical modulation along the nanowire. This structure is pinned at the constriction and in 
order to penetrate the narrow segments the skyrmion core size should be reduced.   

 [1] J.A.Fernandez-Roldan et al, Nanoscale (2018) in press 

 

                  

Fig. 1: (left) Simulated pinned magnetization distribution in a two-segment nanowire just 
before the switching field. The red colour indicates positive magnetisation along the 
nanowire axis while the blue one - the negative one (along the switching field). (middle) The 
enlarged cross-section images indicating skyrmions with displaced core forming a spiral 
along the nanowire length. (right) Corkscrew pinning: the image indicates location of points 
fully magnetised along the nanowire.
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MAGNETIZATION DEPTH PROFILE IN A MAGNETIC INSULATING FILM  
UNDER A THERMAL GRADIENT 

 
 

T. Charlton1, E. Guo1, A. Herklotz2, H. N. Lee2 and M. R. Fitzsimmons1,3 
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2 Material Science and Technology Division, Oak Ridge National Laboratory, Oak Ridge TN,  

USA 
3Department of Physics and Astronomy, University of Tennessee, Knoxville TN, USA 
 

 
By eliminating the mobile electrons, insulator spintronics offers opportunities to reduce power 
loss and signal decay of metallic interconnects in complicated integrated circuits. As a 
consequence, there are no energy losses due to the heat dissipation by the conducting 
electrons or eddy currents. The attractive strategy requires methods to generate, transport, and 
detect the spin waves and transfer them into a charge-based signal for further processing. 
Previously, a temperature gradient was 
theoretically shown to generate a pure spin 
current inside a magnetic insulator that 
could be detected in an adjacent metallic 
film with a high spin-orbital angle (spin 
Seebeck effect). While interesting, little 
experimental evidence is known about the 
depth dependence of spin structure in an 
insulator under a thermal gradient. Using a 
similar sample design, we have measured 
the polarized neutron reflectivity from a 
single YIG film with and without a vertical 
temperature gradient as shown in the 
figure.  We will present the magnetization 
as a function of depth in the magnetic 
insulator extracted from the polarized 
neutron measurements along with 
structural, magnetic, and electric transport 
characterization. We have observed a 
larger than expected magnetization in the 
GGG substrate which may contribute to 
the size of the spin Seebeck effect in 
similar samples.    
  
This work is supported by U.S. 
Department of Energy, Office of Science 
and the Office of Basic Energy Sciences. 
 
 
 

                  

 
Top: Cartoon showing the temperature gradient 
and the lithographically defined platinum 
heater.  
 
Bottom: SA = (R+ - R-)/(R+ + R-) as a function 
of Q calculated from the polarized neutron 
reflectivity and a best fit to the data.  
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MAGNETIC PROPERTIES OF Sr2FeMoO6- NANOSIZED FILMS OF 
THESi/SiO2/Ti/Pt/ Sr2FeMoO6- HETEROSTRUCTURE 

 

S.-C.Yu1, N.A.Kalanda2, S.K.Oh1, D.-H.Kim1, S.E.Demyanov2 and A.V.Petrov2 
1Department of Physics, Chungbuk National University, Cheongju, Korea 

2Scientific-Practical Materials Research Centre, NAS of Belarus, Minsk, Belarus 

 

Structurally-perfect Sr2FeMoO6- (SFMO) nanosized films can be attributed to the most 
prospective materials for the spintronic elements in sensors, spin-diodes and spin-transistors 
operating at room temperature. They have large values of the Curie temperature (Тс ~ 420 К), 
high degree of the spin polarization (~100 %) and ferrimagnetic type of magnetization [1]. 
Single crystalline Si(111) substrates have been used in the SFMO nanosized films for a 
formation of the texture with (101) crystallographic orientation. It was determined, that the 
sputtering of lower layer, consisting of two layers Ti/Pt, on the Si/SiO2 substrate, with their 
subsequent annealing at 670 - 870К during 30 min, promotes a formation of the textured Pt 
grains growth (Fig. 1). The SFMO nanosized films deposited with the rate 7-9 nm/min and 
the substrate temperature 923 К in the Ar medium, with an additional annealing at 1123 К and              
pO2=10-8 Pa during 1 hour, were formed as single-phase and partially textured ones. It has 
been determined as a result of the investigations of the temperature dependences of 
magnetization, that the films have Тс ~ 406 К, and they are in magnetically-inhomogeneous 
state [2]. A metastable superparamagnetic state at the blocking temperature ТB < 47 К was 
determined in the SFMO, which has been confirmed by the approximation of the 
magnetization field dependence by the Langevin function, as well as by the results of 
investigations of the temperature dependences of magnetization in ZFC and FC modes              
(Fig. 2). With the temperature increase the system passes to a stable superparamagnetic state 
and a metastable ferromagnetic one, which is blocked by the magnetic anisotropy energy.  
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This work was supported by in frames of the collaborative research project (BRFFR-NRFK 
project No. F16KOR-002, No. 2016K2A9A1A06920247). 
 
1. J.L.MacManus-Driscoll, A.Sharma, Yu.Bugoslavsky, and W.Branford, Advanced 

Materials, 54, 67 (2005) 
2. N.Kalanda, D.-H.Kim, S.Demyanov, S.-C.Yu, M.Yarmolich, A.Petrov, and S.K.Oh, 

Current Applied Physics 18, 27 (2018) 

Fig. 1: AFM image of the 
Si/SiO2/Ti/Pt structure surface 

Fig. 2: Field dependence of a magnetization 
of the Sr2FeMoO6- nanosized film of the 
Si/SiO2/Ti/Pt/Sr2FeMoO6-  heterostructure 
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CONTROLLING OXIDATIVE STABILITY OF MAGNETIC NANOPARTICLES 
THROUGH STRAIN ENGINEERING 
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1Department of Physics, University of York, York YO10 5DD, U.K. 
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The use of magnetic nanoparticles in biomedical and environmental applications is 
significantly hampered by the transformation between oxidation states that may occur within 
their functional lifetime [1]. Changes in magnetic response due to this lack of stability lead to 
a degradation in performance and uncertainty over the viability of their application to drug 
delivery, hyperthermia, and wastewater remediation [2]. Significant efforts are underway to 
mitigate such oxidative degeneration of magnetic nanoparticles through, for example, the use 
of coatings and core-shell structures [3]. However, the fundamental mechanisms of nanoscale 
oxidation are still poorly understood, particularly when compared to the solid understanding 
of bulk metal oxidation that has developed since the early work of Cabrera and Mott [4]. 
Previously, we showed that strain induced by geometry and confinement effects at the 
nanoscale lead to enhanced oxidation at the facets of Fe nanoparticles and a corresponding 
shape evolution [1]. Here, we present efforts to control this strain-mediated process through 
the use of various coating materials. A gas-aggregation cluster source was used to generate 
size-selected Fe nanoparticles of various geometries for study using aberration-corrected 
scanning transmission electron microscopy (STEM) including using a high-angle annular dark 
field detector (HAADF). We find that a biocompatible silver coating disrupts the enhanced 
Kirkendall effect observed with native Fe nanoparticles but appears to actively promote 
oxidation at nanoparticle edges and corners where oxide domain boundaries meet (see figure). 
This change in the dominant oxidation mode highlights the relative roles of oxygen in-
diffusion and Fe out-diffusion via grain-boundaries and interstitial sites and suggests a 
possible pathway to controlling such effects through strain engineering. 

[1] A. Pratt, L. Lari, O. Hovorka, A. Shah, C. Woffinden, S. P. Tear, C. Binns, and R. 
Kröger, Nature Mater. 13, 26 (2014) 

[2] A. Pratt, Environmental Applications of Magnetic Nanoparticles, in: C. Binns (Editor), 
Nanomagnetism: fundamentals and applications (Elsevier, 2014) 

[3] W. Wu, Z. Wu, T. Yu, C. Jiang, and W.-S. Kim, Sci. Technol. Adv. Mater. 16, 023501 
(2015) 

[4] N. Cabrera and N. F. Mott, Rep. Prog. Phys. 12, 163 (1949) 

 

HAADF-STEM imaging of a Au-coated Fe/Fe oxide core-shell nanoparticle. Strain-
induced oxidation of the {100} nanoparticle facets has been prevented but the high-energy 
{111} planes at the corners accelerate oxidation through the oxide domain boundaries 
leading to an oxide-supported silver pedestal.  
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MAGNONIC BAND STRUCTURE IN A THIN PERMALLOY FILM INDUCED BY 
DYNAMICAL COUPLING WITH A TWO DIMENSIONAL ARRAY OF 

PERMALLOY ELLIPSES 
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1 Istituto Officina dei Materiali del CNR , I-06123 Perugia, Italy 
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California 95064, USA 

3 Faculty of Physics, Adam Mickiewicz University in Poznan, Umultowska 85, 61-614 
Poznan, Poland 

4 Molecular Foundry, Lawrence Berkeley Natl. Laboratory, Berkeley, California 94720, USA 
 

A standard approach to create a magnonic crystal is to artificially process a continuous medium, 
to create a periodical profile of magnetic properties, on the scale of the spin wave 
wavelength.[1] Here we propose an alternative method which is based on the vertical control 
of the spin-wave properties of a continuous film by the dipolar stray magnetic field generated 
by an array of magnetic dots. Film and array of dots are coupled by dipole–dipole interaction 
across 10 nm thick non-magnetic spacer. Array of Py (Ni80Fe20,)10nm)/Pt(10nm) elliptical 
dots was fabricated on top of a 20 nm thick Py film, using electron beam lithography and metal 
lift-off.  The ellipses have lateral dimension of 600200 nm and are placed into chains with an 
edge-to-edge distance of 80 along the long axis of the ellipses while the interchain distance is 
of 400 nm. Using Brillouin light scattering spectroscopy and simulations with finite element 
method in the frequency domain we compare the spin wave dispersion measured by applying 
the external field H=500 Oe along the ellipses chain and by sweeping the wavevector (k) in the 
orthogonal direction, as shown in Fig. 1(a). We have found that the spin wave dispersion 
exhibits either propagating and stationary modes. These two types of waves interact giving rise 
to hybridization effect around k0.45 (/a), also opening of magnonic band at the boundary of 
the first Brillouin zone (k=/a) is observed, thus demonstrating that the regular pattern of the 
ferromagnetic elliptical dots influences the DE mode of the underneath Py film through 
dynamic dipolar field, and the resonant coupling with magnetic modes inside the dots.  
 

 

 

 

 

 

 

 

       

 

 

 

 

[1] S. Tacchi, G. Gubbiotti, M. Madami and G. Carlotti, J. Phys. Condens. Matter 29, 073001 (2017) 
                                                 

H

k

(a) (b) 

Fig. 1 (a) Scanning electron micrographs of 2D array of Py/Pt elliptical dots deposited on 
top of the Py film, together with the direction of H and k. (b) Comparison between the 
measured (red points) and calculated (black points) spin wave dispersion over the first 
Brillouin zone. 
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SPIN AND ORBITAL HALL EFFECTS FROM THE DYNAMICAL GENERATION 
OF THE ORBITAL ANGULAR MOMENTUM 
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The spin Hall effect (SHE) allows for all-electrical generation and detection of the spin current, 
which is essential in spintronics devices. Particularly, the intrinsic mechanism, which do not 
rely on the impurity scattering, is responsible for the large SHE of heavy transition metals, such 
as Pt, Ta, W due to their sizable spin-orbit coupling (SOC) strength. In non-magnetic materials, 
the SOC is the only interaction by which the spin (S) can be coupled to an external electric 
field, which may be approximated as ∼ LꞏS, where L is the orbital angular momentum near the 
atomic nucleus. Although L is typically quenched due to the crystal field at equilibrium, the 
orbital degree of freedom may be important in non-equilibrium. However, the dynamical role 
of the orbital is largely unexplored.  

In this work, we regard L as an independent degree of freedom and examine its dynamical role 
in the generation of the intrinsic SHE in the presence of an external electric field. Unlike the 
spin, the orbital character is locked to the crystal momentum k in the band structure, even for 
centrosymmetric crystals [Fig. 1(a) and 1(b)]. In the presence of both inversion and time-
reversal symmetries, the expectation value of L is zero for all states in the Fermi sea, which is 
a manifestation of the orbital quenching. However, by the application of the external electric 
field (E ∝ x), states with different orbital characters (i.e. radial and tangential) hybridize each 
other and experience the time-evolution at different rates as shown in Fig. 1(a). As a 
consequence, non-equilibrium L is generated at the Fermi surface with the opposite signs 
depending on whether ky is positive or negative [Fig. 1(b)]. Although the total L in the Fermi 
sea is zero, the orbital current ∼ <Lzvy> becomes finite. This is the orbital Hall effect (OHE) 
and it occurs independently of the SOC. In the presence of the SOC, the SHE follows the OHE 
as a concomitant effect. Depending on the sign of the correlation < LꞏS >, the sign of the SHE 
can be either the opposite [Fig. 1(c)] or the same [Fig. 1(d)] to that of the OHE. We found that 
both SHE and OHE are almost independent of the degeneracy lifting of different orbitals by the 
crystal field. Our work not only provides a route to enhance the SHE by utilizing the orbital 
degree of freedom, but also opens a door to a new physics of the orbital, such as the OHE.  

 

 

Fig. 1 
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X-RAY LINEAR DICHROISM FOR PROBING MAGNETIC DYNAMICS IN THE 
LOW-DAMPING FERRIMAGNETIC INSULATOR YTTRIUM IRON GARNET  
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2Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland  
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4INNOVENT e.V., Technologieentwicklung Jena, D-07745 Jena, Germany                                       
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Time resolved scanning transmission x-ray microscopy (TR-STXM) is one of the few magnetic 
imaging techniques that is capable of simultaneously measuring on the nm length and ps time 
scales of modern magnetic devices. Up to now TR-STXM measurements have exclusively 
made use of x-ray magnetic circular dichroism (XMCD) to achieve magnetic contrast. XMCD 
suffers the limitation however that it is sensitive to net magnetisation, consequentially for some 
samples (such as antiferromagnets) it cannot be used. In contrast x-ray magnetic linear 
dichroism (XMLD) is sensitive to the axis of magnetisation, and as such can be used in different 
systems[1, 2]. Furthermore, the two techniques used together may provide complementary 
information on the magnetisation of ferrimagnetic samples, XMCD, being sensitive to the 
magnetisation along the optical axis, XMLD being sensitive to the orientation of the Néel axis 
in the plane perpendicular to the optical axis, or in terms of a thin film sample typical to TR-
STXM, to the out-of-plane and in-plane magnetisation respectively. Here we present the first 
use of XMLD for imaging magnetic dynamics with TR-STXM.  We use this technique to 
characterise vortex, domain wall and spin wave dynamics in the ferrimagnetic insulator and 
magnonic material of choice yttrium iron garnet (YIG, 185nm LPE). Our findings demonstrate 
a novel and important advance in time resolved magnetic x-ray microscopy opening the door 
to the study of ultrafast magnonics based on antiferromagnets.      

We thank HZB for the allocation of synchrotron radiation beamtime. We thank E. Josten and 
D. Meertens for their help in preparing samples.  JB is supported by an EPFL-MSC co-fund 
under grant number 665 667. 

[1] J. Stöhr and H. C. Siegmann, Springer (2007)  

[2] D. Spanke et al., Physical Review B (1998) 

 

 

                  

Fig. 1: X-ray absorption 
(top) and XMLD 
(bottom) spectra of 
yttrium iron garnet at 
the iron L2 and L3 
edges. Inset image 
taken at the L2 edge. 

Fig. 2: Snapshots from time-resolved measurements of dipole-
exchange spin waves with wavelength of 400nm and frequency of 2 
GHz taken at the Fe L3 edge with in plane magnetization M↔ . Top 
row shows E↔ , second E↕  and bottom XMLD difference. Left 
column shows absorption, centre row shows dynamics contrast (each 
frame has the mean image subtracted), right hand column shows a 
phase/amplitude image extracted with Fourier analysis. Note the 
phase shift between b) and e) confirming the XMLD effect.  
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THE ROLE OF THERMAL ACTIVATION FOR MAGNETIC VORTEX STATES 
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Thermal fluctuations of the magnetization essentially have two effects on the properties of a 
giant magnetoresistance (GMR) vortex sensor. They cause an intrinsic magnetic noise, 
increasing with temperature. A clear signature of magnetic noise is detected in the pure vortex 
state which is as large as the electronic noise. The experiments will be discussed within the 
framework of the semi-analytical rigid-vortex-model (RVM [1]) which has been extended by 
thermal excitations. 

In addition to magnetic noise, thermal fluctuations influence the vortex nucleation and 
annihilation field. The evaluation of the experimental data in dependence on temperature and 
free layer thickness is again discussed in the RVM frame. This allows the separation of two 
contributions, i.e. from saturation magnetization Ms(T) and thermally activated transitions. In 
the first order RVM, the nucleation field Hn and the annihilation field Han are directly 
proportional to Ms(T). Hence, an increasing T leads to a decreasing Hn and Han (fig. 1). In 
contrast, thermal activation causes an increase of Hn and a decrease of Han with temperature. 
The RVM model reproduces the experimental value of the relative change of the critical fields 
of -0.03 and -0.07 %/K at room temperature. The change of the critical field is dominated by 
the Ms(T)-dependence in the range of 10 .. 450 K under typical sensor conditions. 

Thermal activation is a function of time within a probability equation. This is made visible by 
the statistics of vortex nucleation in a GMR disk ensemble in bridge configuration (fig. 2). The 
investigation of discrete vortex nucleation in a disk array allows for the determination of time 
constants and the estimation of energy barriers which determine the stability of the vortex state 
near critical fields. The typical barrier height to overcome is in the range of 1 J/m³. 

The financial support by the Austrian Federal Ministry of Science, Research and Economy and 
the Christian Doppler Research Association in Austria in the frame of the 'Christian Doppler 
Laboratory for future magnetic sensors and materials' is gratefully acknowledged. 

[1] K.Y. Guslienko et al., Phys. Rev. B 65 (2001) 
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Fig. 1: Experimental temperature 
dependence of the annihilation field in 
a spin-valve-type GMR vortex sensor 
with a free layer thickness of 60 nm 
and a disk diameter of 2 µm. 

Fig. 2: Discrete relative resistance changes due to 
thermally activated individual vortex nucleation 
in a disk array at 300 K. The field is set close to 
the nucleation field a) from a homogeneous 
parallel magnetization state (black) and b) from 
the vortex state (red). The switched field is kept 
fixed from time = 0 on. The red curve illustrates 
the usual thermal drift in the ppm-range. 
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Transition metal oxides are a big research topic, because they offer a wide range of possible 
applications, particularly in information and energy technology. One such system is strontium 
cobaltite (SrCoO3−δ), which exists in two distinct topotactic phases, depending on the oxygen 
content. SrCoO3 is a ferromagnetically ordered metal with a Curie temperature of 305 K, but 
the system becomes an antiferromagnetic insulator with a Néel temperature of 570 K, when 
the oxygen content is decreased to SrCoO2.5. Along with this magnetic transition, the structure 
changes from perovskite to the orthorhombic brownmillerite, with the missing oxygen atoms 
forming vacancy channels [1]. Because of the multivalent Co states and high oxygen mobility 
it is a promising material for energy and information applications [2]. 

We aim at growing thin films of SrCoO3-δ by molecular beam epitaxy and filling the oxygen 
vacancies by annealing the films in a tube furnace under constant oxygen flow. These films 
are investigated by in-situ electron diffraction to monitor the sample growth and ex-situ X-ray 
reflectometry and diffraction as well as atomic force microscopy to determine the structural 
properties. The stoichiometry is controlled by Rutherford backscattering spectrometry. To 
investigate the intercalation of oxygen into the film in depth dependence, neutron 
reflectometry is performed to determine the change of the magnetic structure. 

We present the effect of the growth conditions on the stoichiometry, crystallinity and 
morphology of SrxCoyOz films on SrTiO3 and requirements for Sr1Co1O2.5 films (fig. 1). First 
results of decreased oxygen vacancies by annealing in a furnace under oxygen flow and 
corresponding changes in the structure (fig. 2) and magnetic properties are shown, as well as 
first neutron reflectometry measurements to determine the depth dependent magnetic profile. 

 [1] C.K. Xie et al., Appl. Phys. Lett., 2011 

 [2] H. Jeen et al., Nature Materials, 2013 

 

Fig. 1: AFM scan of an as-prepared 
sample in SrCoO2.5 stoichiometry  

Fig. 2: XRD measurements before and 
after annealing 
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A LUNEBURG LENS FOR SPIN WAVES 

 

N. J. Whitehead1, F. B. Mushenok1, S. A. R. Horsley1, T.G. Philbin1, and V. V. Kruglyak1 

 
1Department of Physics & Astronomy, University of Exeter, Exeter, UK. 

 

  Graded index lenses have long been studied for the purpose of controlling the direction of 
propagating waves. The Luneburg lens [1] is a particularly useful example, focusing any 
incident plane wave to a point on the edge of the lens.  This lens has been realized for both high 
and low frequency electromagnetic waves [2,3], and recently for sound waves [4].  It could also 
be a useful component in future wave-based computing devices, perhaps in launching or reading 
a plane wave using a point antenna. 

In this work, we demonstrate a Luneburg lens for forward-volume spin waves using 
micromagnetic modelling. The refractive index for spin waves in a thin film is determined by 
the film thickness, magnetization or the magnetic field, and so the graded index can be created 
by changing one of these parameters to match the required profile [5]. For ease of modelling, 
the lens is created by modulating the saturation magnetization in a circular region of a thin YIG-
like film. We analyze the behavior of the spin waves as they move through the lens, observing 
a significant enhancement of the wave amplitude as the wave is focused. 

This research has received funding from the Engineering and Physical Sciences Research 
Council (EPSRC) of the United Kingdom, via the EPSRC center for Doctoral Training in 
Metamaterials (Grant No. EP/L015331/1), and the European Union’s Horizon 2020 research 
and innovation program under Marie Skłodowska-Curie Grant Agreement No. 644348 
(MagIC). S.A.R.H. would like to thank the Royal Society and TATA for financial support. 

 
 
 

 
[1] R. K. Luneburg and M. Herzberger, University of California Press, Berkeley and Los 

Angeles (1964). 

[2] A. D. Falco, S. C. Kehr, and U. Leonhardt, Opt. Express, 19, 5156 (2011). 

[3]  J. A. Dockrey, M. J Lockyear, S. J. Berry, S. A. R. Horsley, J. R. Sambles, and A. P. 
Hibbins, Phys. Rev. B 87, 125137 (2013). 

[4] S.-H. Kim, ArXiv:1409.5489 Cond-Mat. (2014). 

[5]  C. S. Davies and V. V. Kruglyak, Low Temp. Phys. 41, 760 (2015). 

Fig. 1: Snapshots of pulse moving through Luneburg lens (dotted 
outline). Normalized Mx component of magnetization shown.
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SIZE DEPENDENT MAGNETIZATION DYNAMICS OF ISOLATED 
NANOMAGNETS EXCITED BY A 1-D PHONONIC GRATING 

 

M. Jaris1, W.G. Yang1, C. Berk1, L. Hibbard-Lubow1, and H. Schmidt1  

 
1School of Engineering, UC Santa Cruz, Santa Cruz, Ca, USA 

The dynamic behavior of coherent spin systems confined to nanometer length scales has been 
the focus of intense research for their potential role in next generation data storage and 
computation. Recently, it was reported that surface acoustic waves (SAWs) can resonantly 
interact with magnetic precession in nanomagnets via the magnetoelastic effect (MEL), and a 
direct connection between the field-swept linewidth of the MEL resonance and the effective 
damping in nanomagnet arrays was observed [1]. Here, we utilize this technique to analyze the 
magnetization dynamics of single nanoscale magnets using non-optical (“cold”) excitation. 
Isolated Ni nanocylinders with nominal diameters (D) ranging from 200 to 700 nm are 
deposited between two grids of Al bars with a pitch of 400 nm (Fig. 1a). When the periodically 
arranged bars are irradiated by an ultrafast laser, they undergo rapid thermal expansion and 
launch SAWs in the underlying substrate which form a standing wave at the nanomagnet with 
a fundamental frequency fSAW = 7.75 GHz and wavelength λSAW = 400nm (Fig. 1b). Using the 
time-resolved Kerr effect, we record the MEL driven dynamics of each isolated nanomagnet 
and fit the precessions with a damped harmonic to estimate the magnetoelastically driven 
oscillation lifetime τMEL (Fig. 2a). For all samples, τMEL is longer than the intrinsic magnetic 
relaxation lifetime determined by the LLG equation (τLLG ~ 685 ps). A peak τMEL of 
approximately 6.5 ns is observed for the D = 300 nm sample, after which the induced 
precession lifetime rapidly decreases with increasing size (Fig. 2b). This finding suggests that 
MEL enhancement of the precessional spin dynamics in nanomagnets is limited by the 
condition D < λSAW, which is highly relevant to the rational design of devices utilizing 
magnetoelastic effects. 

[1] Y. Yahagi, C. Berk, B. Hebler, S. Dhuey, S. Cabrini, M. Albrecht, and H. Schmidt, J. 
Phys. D: Appl. Phys. 50, 17LT01 (2017).      

Fig. 1: (a) Schematic of all-
optical SAW excitation and (b) 
SEM image of the sample used 

in this study 

Fig. 2: (a) Time-evolution of MEL 
driven magnetic precession and (b) 
summary of lifetime dependence on 

nanomagnet diameter 
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IN-SITU SOFT X-RAY ABSORPTION SPECTROSCOPIC STUDY OF Fe/MgO 
INTERFACES 

 

P. Vishwakarma1, M. Gupta2, D.M. Phase2, and A. Gupta1 

 
1Amity Center for Spintronic Materials, Amity University, Noida 201313, India 

2UGC-DAE Consortium for Scientific Research, Indore, India 
 

Fe/MgO system has been a subject of extensive investigations for last more than a decade,as a 
number of interesting phenomena like giant tunnel magnetoresistance, perpendicular magnetic 
anisotropy, voltage control of magnetic anisotropy.  All the above effects are highly sensitive 
to the structure of the interface between Fe and MgO layers. A possible interdiffusion or 
oxidation of iron even over a few monolayers can drastically alter the behaviour of the system. 
Therefore extensive studies are being done in order to characterize the interface of Fe/MgO 
with high accuracy.   In the present work we report soft x-ray absorption study of the interface 
between MgO and Fe studied in situ during the deposition of the film itself.   High sensitivity 
of the technique capable of detecting even a sub monolayer of a given phase,  combined with 
in situ measurements as a function of iron layer thickness, allowed one to make a quantitative 
estimate of interfacial phase formation with sub-monolayer accuracy.  Two different substrates 
namely, MgO(001)  single crystal, and a polycrystalline MgO film on Si substrate have been 
used in order to  elucidate the role of the state of MgO surface. 

Figure 1 gives the soft x-ray absorption spectrum of Fe film on MgO polycrystalline film as a 
function of Fe film thckness. The L3 spectrum consists of 2 peaks at 708 eV and 709.4 eV 
respectively.   While the peak at 708 eV corresponds to bcc Fe, the peak at 709.4 eV is attributed 
to Fe3O4, which is thermodynamically the most favoured oxide phase. The relative 

contributions of metallic Fe and Fe3O4 to L3 spectrum of the film 
of a given thickness was obtained by fitting the spectrum with a 
linear combination of the spectra corresponding to metallic Fe and 
Fe3O4.  Figure 2 gives the resultant contribution of metallic iron as 
a function of total film thickness. The thickness dependence of the 
fraction of iron is fitted to obtain a quantitative estimate of the 
thickness of interfacial oxide layer as 0.19nm.  In contrast,  on a 
single crystalline MgO(001)  surface,  about 0.3 nm thick layer of 
iron mono oxide is formed.  This strong dependence of the 
interfacial reaction on the facet of MgO can also partially explain 
the contradictory results reported in the literature on the structure 
of interface between Fe and MgO. 
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Fig. 1. L3 absorption spectrum of 
Fe as a function of film thickness 

Fig. 2. Relative fraction of bcc 
Fe as a function of film thickness 
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MAGNETIC DOMAIN WRITING DEFINED BY ELECTRICAL GATING IN Pt/Co 
FILM 

 

F. Ando1, M. Ishibashi1, T. Koyama2, Y. Shiota1, T. Moriyama1, D. Chiba2, and T. Ono1, 3 

 
1Institute for Chemical Research, Kyoto University, Uji, Kyoto, Japan 

2Department of Applied Physics, Faculty of Engineering, The University of Tokyo, Bunkyo, 
Tokyo, Japan 

3Center for Spintronics Research Network, Graduate School of Engineering Science, Osaka 
University, Toyonaka, Osaka, Japan  

 

The energetically efficient control of magnetic domains in ferromagnet is a crucial technique 
for the realization of magnetic domain wall logic circuit. So far, the control of magnetic 
domain structure has been accomplished by means of local Oersted field, circularly polarized 
light [1], or electrochamical-reaction-induced modulation of magnetic property [2]. Recently, 
an electrical formation of ferromagnetic nanodots was suggested using ferromagnetic 
semiconductor with a solid-state field effect transistor structure [3]. Here, we directly 
observed the magnetic domain writing defined by electrical gating in a Pt/Co film using 
magneto-optical Kerr effect. Because the change of carrier density mediates the modulation of 
magnetic property in the Pt/Co, this method provides the more controllable, downscaled, and 
power-efficient way to write the magnetic domain structure. 

We prepared a capacitor structure to apply a gate voltage VG, consisting of a perpendicularly 
magnetized Pt (2.0 nm)/Co (0.25 nm) bottom electrode, a MgO (2.0 nm)/HfO2 (40 nm) 
dielectric insulator layer, and a Cr (3.0 nm)/Au (5.0 nm) meshed top gate electrode [3]. Here, 
the application of positive VG was defined as the electron accumulation at the top surface of 
the Co layer. As shown in Fig. 1, the magnetic domain structure was directly observed using a 
MOKE microscope under the application of VG. The magnetization direction was selectively 
switched by sweeping an out-of-plane magnetic field due to the electric-field-induced 
modulation of the magnetic coercivity. 

This work was supported by JSPS KAKENHI Grant Numbers 15H05702 and 26103002; the 
Collaborative Research Program of the Institute for Chemical Research, Kyoto University; the 
Cooperative Research Project Program of the Research Institute of Electrical Communication, 
Tohoku University; Center for Spintronics Research Network (CSRN), Osaka University. 
 
 [1] C. D. Stanciu et al., Physical Review Letters 99, 047601 (2007) 

 [2] U. Bauer et al., Nature Nanotechnology 8, 411-416 (2013) 

 [3] D. Chiba et al., Nano Letters 10, 4505-4508 (2010) 

                  
Fig. 1: MOKE microscope images taken under VG = -15 V at 293 K sweeping an out-of-
plane magnetic field. The magnetic direction in dark (light) region is oriented upward 
(downward) to the top surface of the film. 
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GILBERT DAMPING CONSTANT IN EXCHANGE BIASED FERROMAGNETIC/ 
ANTIFERROMAGNETIC BILAYERS 

 

T. Ikebuchi, T. Moriyama†, H. Mizuno, K. Oda and T. Ono 
 

Institute for Chemical Research, Kyoto University. 
†E-mail: mtaka@scl.kyoto-u.ac.jp 

 

Recent research suggests that it is possible to manipulate the antiferromagnetic moments by 
the interaction between electron spins and local moment (spin torque effect) [1]. In our 
previous study, we investigated, based on the spin pumping theory [2], the spin torque effect 
by looking at the spin current dissipation, or the effective Gilbert damping constant, in 
exchange-biased FeNi/FeMn (a metallic antiferromagnet) films [3]. In this work, we 
particularly study an insulating antiferromagnet NiO in which the conduction electron spins 
are considered irrelevant to the spin torque effect inside the NiO.  
 The exchange-biased NiO (tNiO nm) / Fe20Ni80 (tFeNi = 3, 5, 7 nm) / SiO2 (5 nm) 
multilayers were sputtered on a thermally oxidized Si substrate. The films were then 
photolithographically patterned into a 10-μm-wide and 20-μm-long strip attached to a 
coplanar waveguide made of a Ti/Au layer. We performed ferromagnetic resonance (FMR) 
measurements based on the homodyne detection technique [3]. FMR spectra were taken, at 
room temperature, by sweeping an external field with a fixed frequency. The Gilbert damping 
constant was estimated from frequency dependence of the FMR linewidths.  
 We found that the Gilbert damping constant effectively increases with increasing 
tNiO as shown in Fig. 1. The tNiO dependence is well fitted with the spin pumping model 
assuming a spin diffusion in NiO [2, 4]. The fitting yields the spin diffusion length ~20 nm 
and the spin mixing conductance at the NiO/FeNi interface ~75 nm-2. Furthermore, we 
investigated the correlation between the Gilbert damping constant and the relative angle ϕ 
between the swept external magnetic field direction and the exchange bias direction (see Fig. 
2). The ϕ dependence of the Gilbert damping constant does not seem to be as clear as the case 
for a metallic antiferromagnet [3], suggesting the details of the magnetic structure inside the 
insulating antiferromagnet may give insignificant effect on the damping enhancement. 
 
This work was supported by JSPS KAKENHI Grant Numbers 15H05702 and 26103002; the 
Collaborative Research Program of the Institute for Chemical Research, Kyoto University; the 
Cooperative Research Project Program of the Research Institute of Electrical Communication, 
Tohoku University; Center for Spintronics Research Network (CSRN), Osaka University 
 
[1] T. Jungwirth et al., Nat. Nanotechnol. 11, 231-241 (2016). ; V. Baltz et al., Rev. Mod. 
Phys. 90, 015005 (2018). 
[2] Y. Tserkovnyak et al., Rev. Mod. Phys. 77, 1375 (2005). 
[3] T. Moriyama et al., Phys. Rev. Lett. 119, 267204 (2017). 
[4] T. Moriyama et al., Appl. Phys. Lett. 106, 162406 (2015). 

Fig. 1 tNiO dependence of Gilbert 
damping constant () in each tFeNi . 

Fig. 2 Gilbert damping constant as 
a function of the field angle ϕ. 
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QUANTIFYING THE LONGITUDINAL SPIN SEEBECK EFFECT COEFFICIENT 
OF IRON 

 

B. F. Miao1, Z. H. Duan1, L. Sun1, D. Wu1, J. Du1 and H. F. Ding1 

 
1 National Laboratory of Solid State Microstructures and Department of Physics, 

Nanjing University, 22 Hankou Road, Nanjing 210093, P. R. China 
 

Pure spin current carries spin information with least amount of energy consumption, and the 
generation of pure spin current continues to play an important role in spintronics and spin 
caloritronics. Among various methods, the spin Seebeck effect (SSE) provides a versatile and 
easy route to convert thermal energy into spin signal thus has attracted a lot of interests since 
its discovery [1]. The longitudinal SSE (LSSE) is commonly studied with magnetic insulators 
such as YIG [2]. Due to the potential contamination caused by the anomalous Nernst effect 
(ANE), the study of LSSE in ferromagnetic metals is rare, in sharp contrast to their common 
usage in spintronic devices. 

In this work, we first study the thickness dependent ANE of Fe film which changes sign with 
thickness and vanishes at ~4.8 nm. This provides an ideal platform for the study of LSSE in 
metal film as the ANE is totally suppressed. The observed opposite sign of thermal voltages in 
Pt/Fe and W/Fe bilayer structures also confirms that the measured signals in those systems are 
dominated by the contribution of LSSE in Fe. Furthermore, in combination with the effective 
spin-mixing conductance characterized by ferromagnetic resonance on Fe and Fe/Pt films, we 
quantify the spin Seebeck coefficient of Fe. 

 

This work was supported by the National Key R&D Program of China (Grant No. 
2017YFA0303202); the National Natural Science Foundation of China (Grant No. 51601087). 

[1] K. Uchida, S. Takahashi, K. Harii, J. Ieda, W. Koshibae, K. Ando, S. Maekawa and E. 
Saitoh, Nature 455, 778 (2008). 

[1] K. Uchida, H. Adachi, T. Ota, H. Nakayama, S. Maekawa, and E. Saitoh, Appl. Phys. 
Lett. 97, 172505 (2010). 

 

               

Fig. 1: Magnetic field dependent VANE 
of Fe at four representative 
thicknesses with the unit in nm. All 
data are obtained with ∆T=12.6 K 
that applied along the +z direction. 

Fig. 2: Comparison between the field 
dependence of V at ∆T=12.6 K in the 
Fe(4.8), Fe(4.8)/Pt(3), Pt(3)/Fe(4.8) 
and W(3)/Fe(4.8) systems. 
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Fig. 1: Correlation between magnetization compensation temperature 
(TM) and angular momentum compensation temperature (TA). 

CORRELATION BETWEEN COMPENSATION TEMPERATURES OF 
MAGNETIZATION AND ANGULAR MOMENTUM IN GDFECO FERRIMAGNETS 
 

Yuushou Hirata1, Duck-Ho Kim1, Takaya Okuno1, Tomoe Nishimura1, Dae-Yun Kim2, 
Yasuhiro Futakawa3, Hiroki Yoshikawa3, Arata Tsukamoto3, Kab-Jim Kim4, 

 Sug-Bong Choe2, and Teruo Ono1 

 
1Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan  

2Department of Physics and Institute of Applied Physics, Seoul National University, 
 Seoul 08826, Republic of Korea  

3College of Science and Technology, Nihon University, Funabashi, Chiba 274-8501, Japan 
4Department of Physics, Korea Advanced Institute of Science and Technology, 

 Daejeon 34141, Republic of Korea 
5Center for Spintronics Research Network, Graduate School of Engineering Science, 

 Osaka University, Machikaneyama 1-3, Toyonaka, Osaka 560-8531, Japan 

   

Determining the angular momentum compensation temperature of ferrimagnets is an important 
step towards ferrimagnetic spintronics, but is not generally easy to achieve experimentally [1, 
2, 3].We propose a way to estimate the angular momentum compensation temperature of 
ferrimagnets. We find a linear relation between the compensation temperatures of the 
magnetization and angular momentum in GdFeCo ferrimagnetic materials, which is proved by 
theoretically as well as experimentally. Figure 1 shows experimental result of correlation 
between magnetization compensation temperature (TM) and angular momentum compensation 
temperature (TA). The linearity comes from the power-law criticality and is governed by the 
Curie temperature and the Landé g factors of the elements composing the ferrimagnets. 
Therefore, measuring the magnetization compensation temperature and the Curie temperature, 
which are easily assessable experimentally, enables us to estimate the angular momentum 
compensation temperature of ferrimagnets. This work was supported by JSPS KAKENHI 
Grant Numbers 15H05702 and 26103002; the Collaborative Research Program of the Institute 
for Chemical Research, Kyoto University; the Cooperative Research Project Program of the 
Research Institute of Electrical Communication, Tohoku University; Center for Spintronics 
Research Network (CSRN), Osaka University 

 
References 
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DOMAIN STRUCTURES AND MAGNETIC ANISOTROPIES IN GALFENOL 
EPITAXIAL FILMS 
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Galfenol alloys exhibit important magnetoelastic (ME) properties. In this work we present a 
magnetic study of Fe100-xGax/MgO(001) (x<30) epitaxial films with in-plane tensile stress [1]. 
Magnetization measurements show that the easy direction moves form the [100] to the [110] 
direction by increasing the Ga content as observed in bulk samples [2]. The domain images for 
films with x <16 display uniform structure separated by Bloch domain walls (see Figure 1) 
while if x > 16 a fine stripe-like structure is observed (see Figure 2). The stripe phase in thin 
films is explained considering a perpendicular anisotropy Ku with a value comparable and lower 
than the shape contribution Ksh. Hysteresis loops performed along the film normal depart form 
the linear M vs H shape and saturate at anisotropy field Ha values lower than that expected from 
the shape anisotropy (0Ha = Ms). Thus, for a film with x = 28, the analysis of the hysteresis 
loops indicates that Ku is about 3.5 x 105 J/m3 while Ksh = 9 x 105 J/m3 yielding a ratio for Ku/Ksh 
of 0.4, a value for which the observation of the stripe phase is expected. The ME anisotropy 
energy term favors in-plane magnetization due to the signs of residual strain and ME stress 
coefficient [1]. The pair interaction between next-nearest-neighbor Ga pairs in Fe100-xGax alloys 
has been addressed as an important source for the magnetic anisotropy, both in bulk [2] and 
epitaxial films with in-plane compressive stress [3] with Ku in the range of 105 J/m3, a value 
that explain the domain structure. The low value of the asymmetry of the Ga-Ga pairs required 
to observe this kind of contribution in thin films [3] precludes the direct detection of differences 
in Ga-Ga pairs between in-plane and out-of-plane directions by local probe techniques, such as 
EXAFS [1]. 

This work was supported by MINECO under grant no. MAT2015-66726-R. 

[1] M. Ciria et al, arXiv: 1802.08740[cond-mat.mtrl-sci]. 

[2] J. Cullen, P. Zhao and M. Wuttig, J. Appl. Phys 101, 123922 (2007). 

[3] M. Barturen et al Phys. Rev. B 92 054418 (2015)  

 

Fig. 1: Magnetic force microscopy 
image of the Fe87Ga13 film. 

Fig. 2: Magnetic force microscopy 
image of the Fe76Ga24 film. 
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SPIN DYNAMICS SIMULATIONS NOW EASIER THAN EVER BEFORE 
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Spin simulations using atomistic models have great importance in theoretical work on 
magnetism of thin films and surfaces, as they provide valuable predictions and help interpret 
experimental data. We present our open source framework [1] of modern cross-platform 
computational tools for atomistic spin dynamics providing direct user interaction and powerful 
real-time visualisations. 

It is designed to increase scientific productivity by simplifying workflows and to minimize time 
spent on problem-specific programming. Through live visual feedback and parameter control, 
the time needed to study and understand properties and dynamics of a system is significantly 
reduced. Thanks to simplified programming interfaces (C/C++ or Python), time- consuming or 
repetitive tasks can be executed e.g. on a cluster, as all steps taken in the graphical user interface 
can be easily reproduced. Due to its modern setup, it can even be run in a web-browser [2]. 

The framework is the ideal tool for the simulation of localized magnetic objects, such as 
magnetic skyrmions, chiral bobbers [3] and complex domain walls. Its core capabilities include 
Landau-Lifshitz-Gilbert dynamics simulations and direct energy minimization, as well as the 
calculation of minimum energy paths and energy barriers for transitions between states, using 
the geodesic nudged elastic band method [4]. 

G. P. M. acknowledges funding from the Icelandic Research Fund (grant no. 152483-052). S. 
B. acknowledges funding from the European Union’s Horizon 2020 research and innovation 
programme (grant agreement no. 665095–FET-Open project MAGicSky). 
 

[1] https://spirit-code.github.io 

[2] https://juspin.de 

[3] F. Rybakov, et al. Phys. Rev. Lett. 115, 117201 (2015) 

[4] P. Bessarab, et al. Comp. Phys. Commun. 196, 335–347 (2015) 

                  
 

Fig. 1: Spirit desktop user interface (UI). 
The visualization shows the isosurface of a 
chiral bobber together with local spin 
directions. Monitoring and direct interaction 
are possible through the UI. 

Fig. 2: Real-time visualization capabilities 
in Spirit: surface slices and isosurface of a 
skyrmion tube in a conical background. 
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EXCHANGE BIAS IN CoO/Fe(110) BILAYERS:  
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M. Ślęzak1 , T. Ślęzak1, P. Dróżdż1, K. Matlak1, B. Matlak1
, J. Korecki1,2 

 
1 AGH University of Science and Technology, Faculty of Physics and Applied Computer 

Science, Kraków, Poland  
2 Jerzy Haber Institute of Catalysis and Surface Chemistry PAS, Kraków, Poland  

 

The antiferromagnet/ferromagnet (AFM/FM) bilayers that display the exchange bias (EB) 
effect are subjected to intensive material research, being the key elements of the novel 
spintronics systems. In a commonly accepted picture, the antiferromagnet, considered as rigid 
due to its high anisotropy and magnetic hardness, controls  the magnetic properties of  the 
ferromagnet, such as a shift of the hysteresis loop or coercivity. We show that this AFM-FM 
master-slave hierarchy is not generally valid, and that the influence of the ferromagnet to the 
magnetic anisotropy of neighboring antiferromagnet must be considered. Our computer 
simulation and experimental studies of EB in epitaxial CoO/Fe(110) bilayer show that the 
ferromagnetic layer with strong uniaxial magnetic anisotropy decides on the  interfacial spin 
orientations of the neighboring AFM layer and rotates their easy axis. This effect has strong 
feedback on the EB effect experienced by  the FM layer. Our results show new physics behind 
the EB effect and provide a route for grafting a desired anisotropy to the AFM and precise 
tailoring of EB in AFM/FM epitaxial systems. 

The EB in the CoO/Fe(110) system was studied using in situ MOKE microscope, as a function  
of the Fe thickness. In Fig. 1 we present HEB(dFe) dependence (squares) as extracted from 
MOKE data. Two uncommon features in the presented HEB(dFe) dependence are to be noted. 
First, the HEB(dFe) dependence definitely does not follow the 1/dFe dependence. Second, the HEB 
value is significantly enhanced for dFe in the 100 – 150 Å range and a drastic drop of HEB at dFe 
~ 150 Å is observed. To identify the physical origin of these unusual EB properties we 
performed simulations of magnetic hysteresis loops for the entire studied range of dFe. The 
HEB(dFe) dependence is nicely reproduced basing on the coherent rotation model of 
magnetization reversal (Fig. 1 open symbols). The major conclusions from simulations are 
briefly summarized in Fig. 2. With increasing dFe the effective MA of Fe layer evolves and its 
easy axis reorients from [1-10] to bulk-like [001]. Simultaneously with this SRT in ferromagnet 
another spin reorientation takes place, namely AFM spin axis in CoO rotates away from [1-10] 
towards [001] in plane direction. I will discuss details of this non-monotonic evolution of ΦEB 
which is induced by the in plane MA of Fe layer and results in HEB(dFe) anomalous dependence 
presented in Fig. 1. 

This work was partially financed by the Faculty of Physics and Applied Computer Science 
AGH UST statutory tasks within subsidy of Ministry of Science and Higher Education. 
 
              
 

Fig. 1: Thickness dependence of HEB 

compared with 1/dFe (dashed line) 
formula. MOKE results and simulations 
are marked with full and open symbols 

Fig. 2: Thickness dependence of AFM spin 
axis ΦEB with respect to in plane Fe[1-10] 
direction as determined from simulations. 
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1High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan 

2Spintronics Research Center, National Institute of Advanced Industrial Science and 
Technology (AIST), Tsukuba, Ibaraki 305-0046, Japan 

 

Magnetic tunnel junction (MTJ) is a key structure in spintronics devices such as hard disk drives 
and magnetoresistive random access memories (MRAMs). MTJ consists of two ferromagnetic 
layers sandwiching an insulating barrier layer. In MRAMs the information bit is written by 
using the spin transfer torque (STT) switching phenomenon. Since the magnitude of the STT 
increases with increase of the current density, development of the MTJ with low resistance-area 
(RA) product is highly desired.  

Insulators with small band gap is a promising material to reduce the RA product of MTJ. We 
performed first principles calculation based on density functional theory to reveal transport 
properties of the MTJ with a rock-salt type ZnO (RS-ZnO) barrier layer. The band gap of the 
bulk RS-ZnO was measured to be 2.45 eV under 9 GPa pressure [1], which is much smaller 
than that of MgO (7.8 eV). Because the RS-ZnO has cubic symmetry high tunnel magneto 
resistance (TMR) ratio owing to 1 band is expected if the very thin RS-ZnO barrier is 
sandwiched the by bcc Fe layers. Therefore, it is worth studying the RA product and TMR ratio 
of the MTJ of Fe / RS-ZnO / Fe structure. 

The calculation model of MTJ is shown in Fig. 1 (a), where the MgO or the RS-ZnO barrier is 
sandwiched by the bcc Fe layers. The Fe layers take the parallel or anti-parallel magnetic 
configurations. The conductance through the MTJ is plotted as a function of barrier thickness 
in Fig. 1(b). For the MgO barrier, the conductance decreases exponentially with increase of 
barrier thickness. On the other hand, the conductance of the RS-ZnO barrier for the anti-parallel 
magnetic configuration becomes constant above 4 atomic layers. Figure 1(c) shows the TMR 
ratio of the MTJs with the MgO and the RS-ZnO barriers. The TMR ratio of the RS-ZnO barrier 
is maximized at 4 atomic layers. When the barrier thickness exceeds 4 atomic layers, the TMR 
decreases with increase of barrier thickness. The ratio of the conductance of the RS-ZnO barrier 
to that of the MgO barrier increases exponentially with increase of barrier thickness as shown 
in Fig. 1 (d).  When the barrier thickness is 6 atomic layers, the conductance of the RS-ZnO 
barrier approximately 200 times larger than that of the MgO barrier. Our results show that RS-
ZnO is a promising material for the MTJ with low RA product and high TMR ratio.  

[1] A. Segura, et al., Appl. Phys. Lett. 83, 278 (2003). 

                  
Fig. 1: (a) Model of MTJ. (b) Conductance of majority and minority spin state with (solid 
lines) RS-ZnO or (dotted lines) MgO barrier. (c) TMR. (d) Conductance ratio.   
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ANTISKYRMION INTHE PRESENCE OF ANISOTROPIC 
DZYALOSHINSKII-MORIYA INTERACTION 

 

Siying Huang1, Chao Zhou1, Gong Chen2, Hongyi Shen1, Hong, Xia1, Andreas K. 
Schmid3, Kai Liu2, and Yizheng Wu1 

 
1Department of Physics and State Key Laboratory of Surface Physics, Fudan 
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3NCEM, Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, 
California, USA 

 

Topological defects in magnetism, such as monopoles, domain walls, vortices, and 
skyrmions, have attracted great attention due to fundamental research interests and 
potential novel spintronics applications. Recently, skyrmions stabilized by the 
Dzyaloshinskii-Moriya interaction (DMI) have been studied extensively [1]. However, 
the properties of antiskyrmions is less straightforward. Possible existence of anisotropic 
DMI and antiskyrmions were predicted theoretically [2], and observation of 
antiskyrmions have been reported recently [3]. Here, utilizing numerical simulations, 
we demonstrate that antiskyrmions can be a stable spin configuration in the presence of 
anisotropic Dzyaloshinskii-Moriya interaction [4]. We find current-driven 
antiskyrmion motion that has a transverse component, namely antiskyrmion Hall effect. 
The antiskyrmion Hall angle strongly depends on the current direction, and a zero 
antiskyrmion Hall angle can be achieved at a critic current direction (Fig. 1). The 
antiskyrmion Hall effect is opposite to the Hall effect in skyrmions, which allows the 
current-driven propagation of coupled skyrmion-antiskyrmion pairs without apparent 
skyrmion Hall effect. We also studied the breathing modes of individual antiskyrmions 
confined in ultrathin film dots through micromagnetic simulation, which can show 
obvious difference with the breathing modes of skyrmions.   

 

[1]  J. Sampaio et al., Nat. Nanotech. 8, 839 (2013) 

[2]  M. Hoffmann, et al., Nat. Commun. 8, 308(2017). 

[3]  A. K. Nayak, et al., Nature (London) 548, 561 (2017). 

[4] S.Y. Huang, et al., Phys. Rev. B 96, 144412 (2017) 

 

 

 

 

 

 

 

 

Fig. 1: Anisotropic antiskyrmion Hall effect. 
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X-RAY SCATTERING FROM MAGNETIC ARRAYS OF NANO-ELEMENTS 
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, E. Östman2, U.B. Arnalds2, V. Kapaklis2, M.A. Verschuuren3, 

L. Bouchenoire4,5, P. Thompson4,5, D. Haskel6, Y. Choi6 and B. Hjörvarsson2 
 

1Department of Physics, University of Warwick, Coventry, CV4 7AL, UK 
2Department of Physics and Astronomy, Uppsala University, SE-75120 Uppsala, Sweden 

3Philips Research Laboratories, High Tech Campus 4, Eindhoven, The Netherlands 
4Department of Physics, University of Liverpool, Liverpool, L69 7ZE, UK 
5XMaS CRG, European Synchrotron Radiation Facility, Grenoble, France 

6Advanced Photon Source, Argonne National Laboratory, Illinois, USA 
 

Modern lithographic patterning techniques allow for high precision fabrication of two 
dimensional arrays of mesoscopic-elements. By tailoring the element shape, pitch and spatial 
configuration new opportunities to control the magnetic interactions between the mesoscopic 
spins can be explored for fundamental studies or the development of novel functional 
materials. To date much of the work has relied on sometimes rather myopic real space 
imaging (figure 1) [1]. However, the periodic nature of the arrays, coupled with their 
potentially complex internal structures, suggests scattering techniques as an alternative 
approach to obtaining information from a large area; the array of structures giving rise to the 
formation of grating truncation rods (GTRs) at specific points in qx (figure 2) with generally 
non-trivial modulations as a function of qz arising from the out-of-plane structure.  

Here we present resonant magnetic scattering studies as a function of scattering angle, 
temperature and applied field from arrays of FePd islands. By tuning the energy to the Pd L3 
edge we obtain information on both the chemical and magnetic structures. We present a 
simulation framework, which simultaneously fits the reflectivity and grating truncation rods, 
to yield the three dimensional chemical and magnetic structures. Close to zero applied field, 
the dots enter a vortex geometry which leads to the hysteresis loops recorded at different 
satellite orders having slightly different shapes. These are fully captured in the new modelling 
framework. We employ a combination of analytical and numerical methods to determine the 
electric fields within the sample within the Distorted Wave Born Approximation (DWBA) 
and use Kinematical diffraction theory to model the scattering from the array. Factors such as 
multiple chemical layers, oxidized surfaces as well as chemical interdiffusion and roughness 
are taken into account. A full description on the coherence and experimental parameters are 
also included in the code.  

[1] E. Östman, U.B. Arnalds, E. Melander, et al, New J. Phys. 16, 053002 (2014) 

 

                 

Fig. 1: SEM images of the nano-
patterned array of Fe15Pd85 circular 
disks of 500 nm diameter and 10 nm 
nominal thickness [1]. 

Fig. 2: In-plane rocking curve of the charge 
scattering recorded under grazing incidence at 
the Pd L3 edge showing the diffraction pattern 
from the repeated structure along with the best-
fit simulation. 
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IN THE EXCHANGE-BIASED Au/Co/NiO LAYERED SYSTEM 

 

P. Kuświk1, M. Kowacz1, 2, F. Lisiecki1, M. Matczak1, K. Szuba-Jabłoński3, N. Michalak1, 
B. Anastaziak1, B. Szymański1, A. Ehresmann4, and F. Stobiecki1 

 
1Instutute of Molecular Physics, Polish Academy of Sciences, Poznań, Poland 

2Faculty of Technical Physics, Poznań University of Technology, Poznań, Poland 
3 Department of Physics, College of Science, Swansea University, Swansea, United Kingdom 
4 Institute of Physics and Center for Interdisciplinary Nanostructure Science and Technology 

(CINSaT), University of Kassel, Kassel, Germany 
 

The asymmetric exchange interaction, known as the Dzyaloshinskii-Moriya interaction 
(DMI), is being widely investigated in ferromagnetic/heavy metal 
or ferromagnetic/nonmagnetic oxide thin layered films with the perpendicular magnetic 
anisotropy [1]. In a light of recent results [2], other systems, 
i.e. antiferromagnetic/ferromagnetic with the DMI and the exchange bias, became very 
important for room-temperature skyrmion stabilization giving a number of distinct advantages 
of the exploring skyrmions in such systems.  

Here, we show that the DMI is also found in another type of the exchange-biased system, 
namely in the ferromagnetic/antiferromagnetic oxide. To investigate the DMI in such system 
we proposed two new approaches. The first one based on the relation between the thickness 
of the ferromagnetic layer and asymmetric domain wall propagation at external magnetic 
fields applied in plane (H||) and perpendicular (H) to a sample plane [3]. In the second 
approach, we propose a modified method presented by D.-S. Han et al. [4], which opens 
a way to investigate the DMI using a conventional polar magnetooptical Kerr magnetometry. 
In this method the measurements were performed for the array of 156 triangular-shaped 
microstructures located on the 100 × 100 µm2 surface area, where the hysteresis loops can 
be easily measured at the H sweeping field with a constant H|| [5]. This enables us to 
determine the sign and the strength of the interfacial Dzyaloshinskii-Moriya constant (Ds) for 
the exchange-biased system from an additional shift of the hysteresis loop caused by the DMI.  

Both approaches enable us to show that in the exchange-biased Au/Co/NiO layered system, 
the interfacial DMI is strong causing the clockwise chirality in magnetic domain walls 
(Ds = -1.4 ± 0.1pJ/m [5] and Ds = -1.1 ± 0.1pJ/m [3]). Moreover, we demonstrated 
that the DMI in Au/Co/NiO system is not only independent of the presence of the exchange 
bias coupling, which was already shown for the in-plane magnetized CoFe 
in IrMn/CoFe/MgO system [6], but also independent of its coupling direction. 

This work was supported by the National Science Centre Poland under the SONATA-BIS 
project (UMO-2015/18/E/ST3/00557). 

[1] A. Fert, et al., Nature Mat. 2, 17031 (2017) 
[2] G. Yu, et al., Nano Letters 18, 980 (2018) 
[3] P. Kuświk, et al., Phys. Rev. B 97, 024404 (2018) 
[4] D.-A. Han et al., Nano Lett. 16 (2016) 
[5] P. Kuświk, et al., arXiv:1703.05394 (2017) 
[6] X. Ma, et al., Phys. Rev. Lett. 119, 027202 (2017) 
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Mg(Al, Fe)2O4: A NEW MAGNETIC INSULATOR FOR SPIN PUMPING 
 

L. Riddiford1,2, S. Emori3, J. Wisser1,2, and Y. Suzuki1,2 
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In spin-based electronics, magnetic insulators are crucial to energy-efficient information 
transfer due to their ability to carry a pure spin current without a dissipative charge current. 
We have developed epitaxial films of the ferrimagnetic insulator Mg(Al,Fe)2O4 (MAFO) with 
low magnetic damping. MAFO has a spinel crystal structure which can be coherently 
interfaced with perovskites and other materials for spin pumping applications. Toward this 
purpose, we have synthesized and characterized the structural and magnetic properties of 
epitaxial MAFO thin films. We have grown MAFO thin films on (001) MgAl2O4 (MAO) 
single crystal substrates via pulsed laser deposition. Film quality was verified with x-ray 
diffraction and atomic force microscopy (AFM), and magnetic properties were studied using 
ferromagnetic resonance (FMR) and SQUID magnetometry. X-ray diffraction measurements 
indicate epitaxial growth with only the (00ℓ) family of film peaks appearing. Rocking curves 
with a mosaic spread of Δω=0.06° indicate excellent crystallinity, and reciprocal space 
mapping  shows the film is coherently strained to the MAO substrate. Atomic force 
microscopy shows a typical sub-unit cell rms roughness of 0.8 Å. To characterize the Gilbert 
damping parameter, we collected FMR spectra, which demonstrate an exceptionally narrow 
linewidth of 0.58 mT at 10 GHz. From frequency-dependent linewidth measurements, we 
calculate a Gilbert damping parameter of 0.0015. Finally, SQUID magnetometry shows a 
saturation magnetization of ~100 kA/m at 300 K. These results are the first step to integrating 
MAFO into new, low-loss spin pumping systems.  

 

This work was supported by the Department of Defense Vannevar Bush Fellowship.  
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FILMS WITH PERPENDICULAR MAGNETIC ANISOTROPY 
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In this work, it is reported the change in the extraordinary hall resistivity in Pd/Co multilayer 
thin films fabricated by sputtering due the inclusion of an insulating SiO2 material. The first 
system studied is constituted by a Pd/Co-SiO2 multilayer thin films, where the insulating layer 
was introduced by different methods to obtain the maximum increment in the hall resistivity, 
this means by alternate sequential sputtering and co-sputtered deposition where the relative 
concentration between the ferromagnetic and the insulating materials was kept over the metal-
insulator transition. It is observed that the highest hall resistivity was achieved when the 
sputtered Co film was embedded in the SiO2 insulator matrix while the perpendicular magnetic 
anisotropy still remains. With the prior consideration, a second system was analysed varying 
the relative concentration between the ferromagnetic and the insulating materials from metallic 
behaviour to the metal-insulator transition in order to tailoring the effect over both, the magnetic 
anisotropy and the hall resistance where the best result appears on this last condition. This work 
was supported by FONDECYT Nº11170544. 
 
  
 [1] S. Michea, S, Oyarzún, S. Vidal, J. C. Denardin, AIP Advances, 7, 056310 (2017) 
 [2] S. Tsunashima, K. Nagase, K. Nakamura, S. Uchiyama, IEEE Transactions on 
Magnetics, vol.  25, 5 (1989) 
 [2] X. Pakhomov, X. Yan, B. Zhao, Appl. Phys. Lett. 67, 3497 (1995) 
 

                  

Fig. 1: Hall resistivity for Pd/Co-
SiO2 multilayer thin films as a 
function of the different deposition 
methods. 

Fig. 2: Hall Resistance dependance on 
relative concentration of metal-insulator for 
Pd/[Co-SiO2-] mulilayered co-sputtered 
thin films. The relative concentration is 
expressed in percentages for each material. 
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HYBRIDIZING FERROMAGNETIC MAGNONS TO MICROWAVE PHOTONS IN 
PLANAR HYBRID INVERTED SPLIT-RING RESONATOR/YIG FILM SYSTEM 

 

Biswanath Bhoi, Bosung Kim, Junhoe Kim, Young-Jun Choi, and Sang-Koog Kim* 
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The study of light-matter interaction is a central subject in photonics and quantum-information 
technology. In particular, the coupling of microwave photons to magnons has received much 
attention due to its potential applications in coherent information storage [1-3]. In the present 
study, using a planar hybrid system of an inverted split-ring resonator (ISRR) and a YIG film, 
we experimentally demonstrated strong anti-crossing effects of the ISRR’s photon mode and 
YIG’s magnon modes with an effective photon-magnon coupling strength (geff/2π) of 90 MHz 
at a microwave frequency (f) of 3.79 GHz [4]. The spin-number-normalized coupling strength 
was determined to be geff/2π√N = 0.194 Hz, higher than those reported so far, which highlights 
the system’s great potential for quantum information processing. Furthermore, we found that 
geff/2π can be increased up to 64 % simply by changing ϕ from 90° to 0°, where ϕ is the angle 
between the in-plane magnetic field (H) and the transverse direction of the device. 

Additionally, we observed, in the anti-crossing region, fine features originated from the 
excitation of magnetostatic surface waves (MSSWs) and backward-volume magnetostatic 
waves (BVMSWs). In order to elucidate the underlying physics, the experiment was further 
extended by performing fine scan measurements which reveal a set of well-defined anti-
crossing effects to the right (left) side of the fundamental Kittel mode as ϕ was changed from 
0° to 30° (30° to 90°). Also, the number of anti-crossings gradually decreased as ϕ deviated 
from both 0° and 90°. This result demonstrates coherent magnon-photon coupling for BVMSW 
modes (0 ≤ ϕ ≤ 30°) and MSSW modes (30° ≤ ϕ ≤ 90°) as well as for Kittel modes. Using the 
coupled oscillator model, the coupling strength corresponding to each specific spin-wave mode 
was found to decrease with the mode index.  

Our experimental results pave the way for the design of new types of high-gain magnon-photon 
coupling systems in planar geometry and also establish a new approach to the exploration of 
magnetostatic modes in magnetic systems. Such multi-mode coupling is very interesting 
aspects for signal processing, magnon conversion, and quantum memory. 

This work was supported by the Basic Science Research Program through the National 
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future 
Planning under grant no. NRF-2015R1A2A1A10056286. 

[1] D. L. Mills and E. Burstein, Reports Prog. Phys., 37, 817 (1974). 

[2] Y. Cao, P. Yan, H. Huebl, S. T. B. Goennenwein, and G. E. W. Bauer, Phys. Rev. B, 5, 
094423 (2014). 

[3] M. Harder, L. Bai, C. Match, J. Sirker, and C. Hu, Sci. China-Phys. Mech. Astron., 
59117511 (2016). 

[4] B. Bhoi, B. Kim, J. Kim, Y.-J, Cho, and S.-K. Kim, Sci. Rep., 7, 11930 (2017). 
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The observation of optically induced magnetization reversal in ferromagnetic alloys and 
ferromagnetic thin films raised many questions concerning the nature of the effect and 
triggered the search for theoretical models describing the physical mechanism of the reversal. 
At the same time, the research is on the way to employ the effect for magnetic data-storage 
technology. Recent studies suggest that the interplay between light-induced heating of the 
electronic system and the polarization state of the laser beam plays a crucial role in achieving 
an efficient switching. We investigate the effect of laser fluence, light polarization, and pulse 
repetition rate on the magnetization reversal in [Pt/Co]N multilayers, where N varies from 3 to 
7. The multilayers were fabricated using magnetron sputtering at an Ar gas pressure of 1×10-3 
mbar. The response of the multilayers to the laser light was detected using a magneto-optical 
Kerr effect microscope combined with a Ti:Sapphire-based femtosecond laser amplifier 
generating a train of <70 fs pulses with a central wavelength of 800 nm at 1 kHz. Our results 
indicate that the optical pulses can trigger either optically induced domain formation or a 
complete magnetization reversal, and that the reversal process depends on extremely precise 
tuning of all the above-mentioned laser parameters. The dynamics of the reversal and 
demagnetization processes have been found to scale with laser fluence, external magnetic 
field, and multilayer repetition number N.  

This work was supported by Deutche Forschungsgemeinschaft project SCHN 353/17-1. 

                  

 
 
Laser fluence dependence of all-optical switching in a [Co/Pt]3 multilayer. Kerr microscopy 
images show laser illuminated horizontal stripes across a vertical domain boundary that 
demonstrate all-optical switching with a laser fluence of (a) 0.68 mJ/cm2 (b) 0.80 mJ/cm2 and 
(c) 1.31 mJ/cm2.  
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Fig. 1. Comparison of the 
in-plane dependence of the 
coercive field for (a) 
Fe3O4/MgO(001) and (b) 
Fe3O4/NiO/MgO(001). In 
plane easy axes switch from 
(a) <110> to (b) <100> due 
to the NiO interlayer. 

STRAIN AND INTERFACE INDUCED MAGNETO-CRYSTALLINE ANISOTROPY 
OF ULTRATHIN EPITAXIAL MAGNETITE FILMS  

 

J. Rodewald1, K. Sprenger1, O. Kuschel1, T. Schemme1, T. Kuschel2, F. Bertram3,  
K. Kuepper1, J. Wollschläger1 
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3 DESY Photon Science, Hamburg, Germany 

 

For spintronic applications, magnetite (Fe3O4) has attracted much attention since Fe3O4 is a 
ferrimagnetic halfmetal with high Curie temperature and, thus, a well suited spin injector (e.g. 
for tunneling magneto resistance (TMR)) due to the theoretically predicted 100% spin 
polarization at the Fermi energy [1]. These bulk properties, however, are modified for 
ultrathin films due to strain and interface effects governed by the crystallography of the 
substrate (or intermediate layers) and by the lattice mismatch (LM).   

Therefore, we studied structural, electronic and magnetic properties of ultrathin Fe3O4 films 
deposited on MgO (rock salt, LM -0.3%) and SrTiO3 (perovskite, LM 7.5%) by reactive 
molecular beam epitaxy (RMBE). For TMR, it is necessary to modify the magnetic properties 
of Fe3O4 by exchange bias. Therefore, we studied the effect of antiferromagnetic NiO 
interlayers, too.  

The near-surface structure and stoichiometry of ultrathin RMBE prepared Fe3O4 films was 
characterized in-situ by low energy electron diffraction (LEED) and x-ray photoelectron 
spectroscopy (XPS), respectively. Both techniques clearly showed the formation of Fe3O4 
films. ‘Bulk’ structure of the films was characterized by means of synchrotron radiation based 
x-ray diffraction (SR-XRD) to determine the strain and 
interface structure. In addition, Laue fringes guaranteed that the 
films have homogenous thickness and smooth interfaces [2,3]. 
The magneto-crystalline anisotropy of the films was probed by 
magneto optical Kerr effect (MOKE), vibrating sample 
magnetometry (VSM) and ferromagnetic resonance (FMR). 
The films show clear fourfold in-plane magneto-crystalline 
anisotropy (MCA). However, the directions of the easy axes 
depend on the film-substrate relationship. For very thin films, 
films on MgO(001) show easy axes in <110> as expected from 
bulk. The easy axes, however, point to <100> for Fe3O4 on 
SrTiO3(001). The latter direction is also observed for both 
SrTiO3(001) and MgO(001) if they are covered by NiO 
interlayers (cf. Fig.1). Thus, the interface seems to be critical 
for the MCA. Surprisingly, the easy axes switch also to <100> 
if the Fe3O4 films are thicker than the critical thickness of 
50nm. Thus, strain contributes to the MCA, too. 

[1] F. Marhoun, Y. Kanji, Appl. Phys. Lett. 90 (2007) 12501. 
[2] T. Schemme et al., Thin Solid Films 589 (2015) 526. 
[3] O. Kuschel et al., Appl. Phys. Lett. 111 (2017) 041902. 
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We synthesized LaAlO3/SrTiO3 hetero-interface and studied magneto-transport characteristics 
of 2-Dimensional Electron Gases (2-DEGs). Applying magnetic field along the out-of-plane 
direction at low temperature 2 K, we found a weak anti-localization behavior which is a 
signature of Rashba spin-orbit coupling. With an applied magnetic field along the in-plane 
direction, anisotropy in magnetoresistance was studied by changing the angle between the 
magnetic field and electrical current. We confirmed that the two fold symmetric oscillation in 
anisotropy in magnetoresistance with the applied magnetic field below 3 T. However, with the 
magnetic field above 3 T, the anisotropy in magnetoresistance of LaAlO3/SrTiO3 interface was 
changed from two-fold to four-fold. Our observations suggest that the magnetoresistance in 
LaAlO3/SrTiO3 hetero-interface has four-fold symmetry, which is different from the 
conventional two dimensional electron gas. We also fabricated magnetic tunnel junctions 
(MTJs) using the LaAlO3/SrTiO3 hetero-interface as bottom layer while Co or La0.7Sr0.3MnO3 
was used as a top layer. We observed the polarity tuning of the tunneling magneto-resistance 
depending on the angle between the applied magnetic field and current directions. Similary to 
the magnetoresistance discussed above, the polarity of the MTJ signal exhits a four-fold 
symmetry. We will discuss these observed behaviors in magneto-transport characteristics in 
terms of the strong Rashba spin-orbit coupling of 2-DEGs in LaAlO3/SrTiO3 hetero-interface.  

 

[1] A. Ohtomo and H. Y. Hwang, Nature, 427, 423 (2004). 

[2]      T. D. Ngo et al., Nat. Comm., 6, 8035 (2015). 

 

                 
-1000 -500 0 500 1000

24.5

24.6

24.7

24.8

24.9

25.0

25.1

25.2

25.3

R
 (

k
)

H (Oe)  
100 150 200 250 300 350

140

150

160

170

180

R
 (


)

angle ()

 0.5T
 1T
 1.25T
 1.5T
 1.75T
 2.0T
 2.25T
 2.50T
 2.75T
 3.0T
 3.25T
 3.5T
 3.75T
 4.0T
 4.5T
 5.0T
 5.5T
 6.0T
 6.5T
 7.0T
 7.5T
 8.0T
 8.5T

(126.5,143.5)

(172.3,155.5)
(224.7,153.3)

(255.3,159.0)

(302.3,141.3)

(352.7,155.8)

Fig. 1: Magnetoresistance vs angle 
between the applied magnetic field 
and current directions.  

Fig. 2: Representative tunneling 
magnetoresistance using 
LaAlO3/SrTiO3 hetero-interface. 
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Fluoro-perovskites have been proposed as an alternative candidate to the oxide perovskites for 
magneto-electric applications [1,2]. It is therefore desirable to create thin film samples to 
integrate into devices. NaNiF3 (NNF) is an antiferromagnet which has a distorted perovskite 
crystal structure that sustains weak ferromagnetism. In bulk form, NNF has a transition 
temperature of  = 156 K [3] and a Pnma space group symmetry with bulk values for the lattice 
constants reported as a = 5.361 Å, b = 7.688 Å and c = 5.524 Å [4]. We have grown NNF via 
molecular beam epitaxy on SrTiO3 [100] to produce high quality epitaxial films in the thickness 
range of 5 – 50 nm. The structure of the films was confirmed by x-ray diffraction (XRD), 
reflection high energy electron diffraction, and atomic force microscopy. XRD confirmed that 
the films had the expected the Pnma structure and were oriented along the [101] direction. The 
SQUID magnetometry displayed a temperature-dependent magnetization consistent with weak 
ferromagnetism and a thickness-dependent . We observe a decrease of Δ  = 7 K with 
decreasing thickness between 30 and 5 nm and propose this is due to the increased lattice strain 
evaluated by the shift of the NNF crystal peaks in the XRD.  

This work was supported by the MRPI program of the University of California under grant no. 
MRP-17-454963. 

[1] A. KC et al., Appl. Phys. Lett. 110, 92901 (2017). 

[2] M. Yang et al., Sci. Rep. 7 7182 (2017). 

[3] V. M. Judin and A. B. Sherman, Phys. Stat. Sol. 20 759 (1967). 

[4] S. Ogawa, J. Phys. Soc. Japan 16, 2361 (1960). 
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ULTRAFAST AND VERY SMALL: DISCOVER NANOSCALE MAGNETISM WITH 
PICOSECOND RESOLUTION USING X-RAYS 

 

Hendrik Ohldag1 

 
1Stanford Synchrotron Radiation Light Source, SLAC National Accelerator Laboratory, 

Menlo Park, CA 94025, USA  
 

 

Today’s magnetic device technology is based on complex magnetic alloys or multilayers 
that are patterned at the nanoscale and operate at gigahertz frequencies. To better understand 
the behavior of such devices one needs an experimental approach that is capable of detecting 
magnetization with nanometer and picosecond sensitivity. In addition, since devices contain 
different magnetic elements, a technique is needed that provides element-specific information 
about not only ferromagnetic but antiferromagnetic materials as well. Synchrotron based X-ray 
microscopy provides exactly these capabilities because a synchrotron produces tunable and 
fully polarized X-rays with energies between several tens of electron volts up to tens of 
kiloelectron volts. The interaction of tunable X-rays with matter is element-specific, allowing 
us to separately address different elements in a device. The polarization dependence or 
dichroism of the X-ray interaction provides a path to measure a ferromagnetic moment and its 
orientation or determine the orientation of the spin axis in an antiferromagnet. The wavelength 
of X-rays is on the order of nanometers, which enables microscopy with nanometer spatial 
resolution. And finally, a synchrotron is a pulsed X-ray source, with a pulse length of tens of 
picoseconds, which enables us to study magnetization dynamics with a time resolution given 
by the X-ray pulse length in a pump-probe fashion. 

 
The goal of this talk is to present an introduction to the field and explain the capabilities of 

synchrotron based X-ray microscopy, which is becoming a tool available at every synchrotron, 
to a diverse audience. The general introduction will be followed by a set of examples, depending 
on the audience, that may include properties of magnetic materials in rocks and meteorites, 
magnetic inclusions in magnetic oxides, interfacial magnetism in magnetic multilayers, and 
dynamics of nanostructured devices due to field and current pulses and microwave excitations. 
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SYMMETRY BREAKING OF 3D FLUX-CLOSURE DOMAIN STRUCTURE 
 

Hee-Sung Han1, Sooseok Lee1, Namkyu Kim1, Mi-Young Im2,3, Yu-Young Sang4, Jung-Il 
Hong3, and Ki-Suk Lee1 

 
1School of Materials Science and Engineering, UNIST, Ulsan, Republic of Korea 

2Center for X-ray Optics, LBNL, Berkeley CA, USA 
3Department of Emerging Materials Science, DGIST, Daegu, Republic of Korea 

4Advance Light Source, LBNL, Berkeley CA, USA 

 

In a nanometer or sub-micrometer scaled ferromagnetic disk, a flux-closure domain structure 
appears along the edge of the disk to reduce demagnetization energy [1]. A Landau domain 
structure in a square disk and a magnetic vortex structure in a circular disk are representative 
flux-closure domain structures. Such magnetic configuration has been studied in a two-
dimensional (2D) structure. However, as increasing the thickness of the sample, i.e. three-
dimensional (3D) system, the disk does not show the simple 2D flux-closure domain structure 
but it shows a complex 3D structure [2, 3]. For example, in a rectangular disk, asymmetric 
Bloch wall (ABW) with Néel cap is positioned between two shifted vortex cores to reduce 
demagnetization energy along the thickness of the sample. In a 3D system, a rotating sense of 
an ABW is an additional degree of freedom [2]. In this study, we show that 3D flux-closure 
domain structure can be formed even in a disk sample with rotational symmetry under an 
external magnetic field by utilizing magnetic transmission soft X-ray microscopy (MTXM) as 
shown in Fig. 1. Furthermore, the rotation sense of ABW depends on the direction of the 
external magnetic field. Which reveals that the generation of the energy states of ABW with 
rotating sense which are degenerated in the rectangular-shaped sample [2, 3]. 

 [1] A. Hubert and R, Schäfer. Magnetic Domains. (Springer, Berlin, 1999) 

 [2]  F. Cheynis, A. Masseboeuf, O. Fruchart, N. Rougemaille, J. C. Toussaint, R. Belkhou, P. 
Bayle-Guillemaud, and A. Marty, Phys. Rev. Lett. 102, 107201 (2009) 

 [3]  A. Masseboeuf, O. Fruchart, J. C. Toussaint, E. Kritsikis, L. Buda-Prejbeanu, F. Cheynis, 
P. Bayle-Guillemaud, and A. Marty, Phys. Rev. Lett. 104, 127204 (2010) 

 

Fig. 1: (a) The simulated images for the formation process of 3D flux closure domain 
structure. The red surface is the area where Mz/Ms > 0.8, i.e., vortex core. (b) The 3D- flux-
closure domain structure observed by MTXM (top) and micromagnetic simulation (bottom). 
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GYLBERT DAMPING PARAMETER OF NiFe/WTi MULTILAYERS 
 

L. C. Figuieiredo1*, F. Pelegrini2, A. Biondo3, V. P. Nascimento3, and  
E. Baggio-Saitovitch4 

 
1Instituto de Física, Universidade de Brasília, Brasília, 70910-900, Brazil 

2Instituto de Física, Universidade Federal de Goiás, Goiânia, 74690-900, Brazil 
3Departamento de Física, Universidade Federal do Espirito Santo, Vitória, 29060-900, Brazil 

4Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro, 22290-180, Brazil  

 

The ferromagnetic resonance (FMR) technique was used to study the Gylbert damping 
parameter of [Ni81Fe19(4nm)/W90Ti10(t)]15 multilayers with thickness t of the WTi spacer layer 
in the range from 0.7 to 2.0 nm, grown by DC magnetron sputtering onto 5 nm WTi buffer 
layer. All FMR experiments were done at room temperature using a Bruker Elexis spectrometer 
with swept static magnetic field. Perpendicular FMR experiments of all samples revealed the 
excitation of spin wave resonance modes, giving evidence of ferromagnetic coupling between 
the NiFe layers [1]. The linewidth of the FMR line of each sample was measured at microwave 
frequencies of 1.10, 3.50, 9.76, and 34.0 GHz, for the applied magnetic field parallel to the 
plane of the film, as illustrated by the spectra in Fig. 1 for [NiFe(4nm)/WTi(1.3nm)]15 
multilayer. No angular variation of in-plane resonance field was observed, confirming the 
polycrystalline structure of all samples. The dependence of the peak-to-peak linewidth ΔH on 
the microwave frequency f is displayed in Fig. 2. For metallic films and a relaxation process 
described in terms of two magnons, this linear dependence of the linewidth is given by ΔH = 
ΔH0 + 1.16(2πG/γ2MS)f, where ΔH0 is the inhomogeneous linewidth, G is the Gylbert damping 
parameter, MS is the saturation magnetization, and γ is the gyromagnetic ratio [2]. The results 
displayed in Fig. 2 give ΔH0 in the range from 2 to 5 Oe, and G in the range from 1.37 x 109 s-

1 to 1.86 x 109 s-1. The low values of ΔH0 give evidence of very homogeneous magnetic 
structures, while the increasing values of G imply that larger thicknesses of spacer WTi layer 
reduces the relaxation time. 

[1] R. P. van Stapele, F. J. A. M. Greidanus, and J. W. Smits, J. Appl. Phys. 57 (1985) 1282. 
[2] Z. Celinski and B. Heinrich, J. Appl. Phys. 70 (1991) 5935. 
 

  

Fig.1: Parallel FMR spectra of 
[NiFe(4nm)/WTi(1.3nm)]15 at microwave 
frequencies of 1.1, 3.5, 9.76, and 34 GHz. 

 

Fig.2: Linewidths of [NiFe(4nm)/ 
WTi(tnm)]15 FMR lines as function of 
microwave frequency.
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FERROMAGNETIC RESONANCE STUDY OF NiFe/Gd/NiFe 
TRILAYERS 

 

A.R. Pereira1, L. C. Figueiredo2, F. Pelegrini3, M. A. Sousa4,  I. C. Merino5, and  
E. Baggio Saitovitch5 

 

1Departamento de Física, Universidade Federal de Goiás, Catalão, 75704-020, Brazil 

2Instituto de Física, Universidade de Brasília, Brasília, 70910-900, Brazil 
3Instituto de Física, Universidade Federal de Goiás, Goiânia, 74690-900, Brazil 

4Departamento de Física, Universidade Federal de Goiás, Jataí, 75800-000, Brazil 
5Centro Brasileiro de Pesquisas Físicas, Rio de Janeiro, 22290-180, Brazil  

 

The Ferromagnetic Resonance (FMR) technique was used to study the magnetic properties of 

NiFe(5nm)/Gd(tnm)/NiFe(5nm) trilayers with thickness t of the Gd spacer layer varying from 

3 to 10 nm. Samples were grown by DC magnetron sputtering onto Si(111) substrates, in the 

presence or not of a 100 Oe magnetic field; 5 nm thick Ta layers were grown as seed and 

capping layers. All FMR experiments were performed at room temperature with a Bruker EMX-

Plus spectrometer, operating at a microwave frequency of 9.76 GHz and using the usual 

parameters of modulation and phase sensitive detection techniques. For samples grown in the 

absence of magnetic field, the parallel FMR spectra can reveal the excitation of two resonance 

modes due to two distinct magnetic phases with small in-plane uniaxial magnetic anisotropy 

and anti-ferromagnetic coupling, as shown by the results for NiFe(5nm)/Gd(7nm)/NiFe(5nm) 

trilayer displayed in Fig. 1. For the similar trilayer grown in the presence of magnetic field, a 

single resonance mode is observed (Fig. 2), implying a ferromagnetic coupling between the 

NiFe layers; the angular variation of the in-plane resonance field reveals again the presence of 

a small uniaxial anisotropy.  However, for trilayers with thicknesses of the Gd spacer layer 

lower than 7 nm and grown in the presence of magnetic field, the parallel FMR spectra also 

reveal the excitation of two resonance modes, and angular variations of in-plane resonance 

fields give evidence of ferromagnetic or anti-ferromagnetic coupling between the NiFe layers. 
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      Fig. 1.   Parallel. spectrum (a) and angular variation of  in-plane              Fig. 2. Parallel FMR spectrum of  
      resonance fields (b) of  NiFe(5nm)/Gd(7nm)/NiFe(5nm) trilayer       NiFe(5nm)/Gd(7nm)/NiFe(5nm) trilayer 
                grown in the absence of magnetic field,                                     grown in the presence of magnetic field. 
  

The FMR results obtained for the two sets of NiFe/Gd/NiFe trilayers reveal a RKKY like 

oscillations in the exchange coupling between the NiFe layers. 
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LOW FIELD MICROWAVE ABSORPTIONS IN EXCHANGE-BIASED 
 NiFe/IrMn BILAYERS 

 
F. Pelegrini1, L. C. Figueiredo2, D. Schafer3, J. P. Geshev3, 
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The Ferromagnetic Resonance technique was used to study the magnetic properties of 
magnetron sputtered exchange-biased NiFe/IrMn bilayers submitted to bombardment with 
He ions in the range from 5 x 1013 to 1 x 1016 ions/cm2. Room temperature experiments at 
microwave frequency of 9.76 GHz, using the usual modulation and phase sensitive detection 
techniques, revealed that besides the excitation of the uniform NiFe resonance mode, a low 
field microwave absorption mode also was excited by the microwave field. As the direction 
of the in-plane swept static magnetic field changed from parallel to anti-parallel with respect 
to the unidirectional anisotropy axis of the sample, the absorption field of this low field mode 
changed from about -100 Oe to +100 Oe, crossing the null value and exhibiting a phase 
inversion when the applied field was perpendicular to the unidirectional axis.  Moreover, 
three very narrow-line (ΔH≈1.5 Oe) absorption modes overlapping the wide-line (ΔH ≈ 25.0 
Oe) low-field mode also were excited by the microwave field when the direction of the 
applied magnetic field was parallel or anti-parallel to the unidirectional anisotropy axis. For 
Ta(7nm)/NiFe(20nm)/IrMn(15nm)/Ta(5nm) bilayer, for instance, exhibiting the exchange-
bias field of 85.0 Oe, these modes were excited at absorption fields of 80.0, 86.0, and 95.0 Oe 
when the applied field was anti-parallel to the unidirectional anisotropy axis; as the applied 
field moved way from this direction, the three modes vanished. 

The large low field mode was excited in several samples and can be related to changes of the 
ac surface impedance of the films. As the applied magnetic field is swept from negative to 
positive values, magnetic fluctuations reduce the microwave absorption, producing the 
observed phase inversion. As for the three overlapping modes, the experiments revealed that 
they were excited when the anti-parallel (and positive) or parallel (and negative) in-plane 
magnetic field was overcoming the exchange-bias field. We argue here that they can be due 
to excitations of magnetic bubbles (skyrmions) at the NiFe/IrMn interface. Additional 
evidence of this is given by the fact that their behavior do not depend on the microwave 
frequency. Experiments at lower (1.1 and 3.5 GHz) or higher (34.0 GHz) microwave 
frequencies reveal that they are observed at the same absorption fields. 
 
[1] H. Montiel, G. Alvarez, I. Betancourt, R. Zamorano, and R. Valenzuela, Appl. Phys. Lett. 
           86 (2005) 072503. 
[2] Z. Klein and J. Kaczér, Phys. Stat. Sol.(a) 92 (1985) 525. 
[3] V. A. Ignatchenko and P. D. Kim, Sov. Phys. JETP 53 (1981) 119 
 
 
                                                                                                        
                                                                                                      
                                                                                                              
                                                                                                      NiFe(20nm)/IrMn(15nm) 
 
                                                                                                Low field microwave absorptions 
                                                                                                 
 
 
 
 

40 60 80 100 120 140
-60

-40

-20

0

20

40

60

80

100

A
b

so
rp

ti
o

n
 D

er
iv

at
iv

e 
(a

.u
.)

Applied Field (Oe)

WED - P 33 W
ED

N
ESD

A
Y

- 133 -



 

 

DIRECTIONAL GROWTH IN PT/CO/NI MULTILAYERS 
 

J. Brock1, P. Vallobra2, R. Medapalli1, S. Mangin2, and E.E. Fullerton1 

 
1Center for Memory and Recording Research, UC San Diego, La Jolla CA, USA 

2Institut Jean Lamour, Universite de Lorraine, Nancy, France 
 

The control of magnetic domain wall motion using magnetic fields and electric current-related 
effects has been the subject of many recent reports. The Dzyaloshinskii-Moriya interaction 
(DMI) that arises due to structural inversion asymmetry in thin film multilayer stacks of 
ferromagnetic materials and heavy metals can mediate a transformation from achiral Bloch 
walls to chiral Neel walls. [1] This transformation can have an impact on the direction domains 
grow in response to external magnetic fields. [2][3][4]   While DMI-related asymmetric growth 
has been observed in several systems exhibiting bubble domains, the impact of DMI on the 
growth characteristics of stripe domains is relatively unknown. 

Here, we present an experimental study of dc magnetron sputtered Ta/Pt/[Co (0.7 nm)/Ni (0.5 
nm)/Pt (0.7 nm)]N/Ta (1 ≤ N ≤ 5) multilayers. Vibrating sample magnetometry (VSM) 
measurements indicate that the saturation magnetization and anisotropy do not vary appreciably 
as the number of Pt/Co/Ni repetitions increases. Polar Kerr microscopy measurements 
performed in the dual presence of static in-plane and pulsed out-of-plane magnetic fields 
demonstrate modest asymmetric bubble growth in the samples with N ≤ 2. For samples with N 
≥ 3, dendritic stripe domains are formed which exhibit growth characteristics in stark contrast 
to the bubble domains. For low in-plane fields, the stripes exhibit a strong growth preference 
perpendicular to the applied in-plane field. For intermediate fields, the stripes exhibit a weaker 
preference for growth in the direction of the in-plane field. At higher fields, the domains exhibit 
strong unidirectional growth opposed to the in-plane field. Experimental results and possible 
explanations will be discussed. 

This work was supported by the University of California Multicampus Research Projects grant 
no. MRP-17-454963. 

[1] A. Soumyanarayanan et al., Nature Mat. 16, 898 (2017). 

[2] S.-G. Je et al., Phys. Rev. B 88, 214401 (2013). 

[3] A. Hrabec et al., Phys. Rev. B 90, 020402 (2014). 

[4] E. Jue et al., Nature Mat. 15, 272 (2016). 

 

 
Fig. 1: Kerr images demonstrating the propagation direction of stripe 
domains in the Pt/Co/Ni sample with N = 3 under the influence of 
several different in-plane fields in the +/- x-directions. 
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SOFT X-RAY INTERFEROMETRY OF MAGNETIC NANO-MATERIALS 
AT ALS 

Nicolas Burdet, Antoine Wojdyla, Sujoy Roy, Kenneth Goldberg, Andreas Scholl. 

 Advanced Light Source, LBNL, 94720 Berkeley USA. 

 Email: ngburdet@lbl.gov 

 

Abstract: The ability to measure the optical parameters of the samples of interest with high precision is of 
potentially high impact for nano-spectroscopy. In our project, we evaluated interferometric setups by 
mean of a fabricated x-ray transmissive test structure that was patterned with high precision using focused 
ion beam milling (FIB). Through recording of highly coherent fringes, the electronic properties of a 30nm 
FeGd thin film were revealed. This is a first step towards a double zoneplate based permanent STXM mi-
croscope, designed to measure minute differential magnetic changes in materials.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       
 
                Figure: Schematic view of the interferometric set-up.  

coherent x‐ray beam 

magnetic material 
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EVOLUTION OF CHIRAL SPIN STRUCTURES BY OXYGEN ADSORPTION AT 
ULTRATHIN MAGNETIC INTERFACES 

 

Tzu-Hung Chuang1, Chih-Heng Huang2, Chun-I Lu1, and Der-Hsin Wei1,2 
 

1 National Synchrotron Radiation Research Center, Hsinchu, Taiwan. 
2 Program for Synchrotron Radiation and Neutron Beam Applications, National Sun Yat-sen 

University, Kaohsiung, Taiwan. 
 

  The study of non-collinear spin structures, originated from Dzyaloshinskii-Moriya 
interaction (DMI), has recently attracted much attention, since manipulating these magnetic 
textures offers a possibility to achieve fast ultrahigh-density data manipulation. Large DMI has 
been observed at interfaces between heavy metals and transition metal ferromagnets, resulting 
in asymmetric spin wave dispersion relation [1] and chiral spin structures [2]. Recently, these 
chiral spin textures have been observed by X-ray magnetic circular dichroism (XMCD) based 
photoemission electron microscopy (XPEEM) at room temperature in MgO/Co/Pt [3], 
demonstrating the possibilities of investigating chiral spin structures by XPEEM. In the other 
hand, an imaging of magnetic stripe domain structures in epitaxial Fe/Ni bilayers on Cu(001) 
[4] has suggested the existence of Néel-type chiral domain walls with a fixed chirality, which 
indicates that the underlying mechanism is the DMI. Recently, it has been predicted that the 
DMI can be manipulated by the adsorption of oxygen atoms [5], due to the hybridization of 
transition metals and the ions. However, at this moment there is still no direct experimental 
proof. 

Here we report that by using XPEEM with XMCD contrast at BL05B2 end-station at Taiwan 
Light Source a Néel-type out-of-plane chiral magnetic domain wall structure was observed in 
epitaxial Fe/Ni/Cu(001) across stripe domains within the spin reorientation transition (see Fig. 
1 (a)). The information of a fixed right-handed chirality can be obtained from a high-resolution 
XPEEM image with the intensity-profile of the XMCD contrast (Fig. 1 (b)), which is in line 
with the literature [4]. In addition, the evolution of the stripe domains by the oxygen adsorption 
is also presented and discussed (see Fig. 1 (c)-(e)). It is found that the domain periodicity 
becomes larger and averaged domain width is increased when the thickness of oxygen 
passivation is increased from 0 to 1 Langmuir (L). It might be an evidence that the DMI-
magnitude is decreased when the oxygen atoms are passivated on top of the Fe surface, which 
has been predicted by calculation [5]. Realizing the control of the DMI in ultrathin metal films 
is of great importance in the surface/interface physics and it will pave the way towards the 
design of chiral magnetic properties through interface engineering. 
 
[1] Kh. Zakeri, et al., Phys. Rev. Lett. 104, 137203 (2010). 
[2] N. Romming, et al., Science 314, 636 (2013). 
[3] O. Boulle, et al., Nat. Nanotech. 11, 449 (2016). 
[4] G. Chen, et al., Phys. Rev. Lett. 110, 177204 (2013). 
[5] A. Belabbes, et al., Sci. Rep. 6, 24634 (2016). 
 
 
 
 
 
 
 
 
Fig. 1 : (a) XMCD-PEEM image of magnetic domains in 2.3 ML Fe/2 ML Ni/Cu(001) and (b) the intensity-profile 
of the yellow dashed line in (a). (c)-(e) XMCD-PEEM images in 2.3 ML Fe/2 ML Ni/Cu(001) with 0, 0.5, and 1 
L oxygen adsorption. 
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THE SPIN DIFFUSION LENGTH IN 2D GOLD THIN FILM INVESTIGATED BY 
WEAK ANTILOCALIZATION MEASUREMENTS 

 

Yunhan Cai, Hua Wang, Dai Tian, and Xiaofeng Jin 

 

 State Key Laboratory of Surface Physics and Department of Physics, Fudan University, 
Shanghai, China  

and Collaborative Innovation Center of Advanced Microstructures, Fudan University, 
Shanghai, China  

 

Spin diffusion length (SDL) is one of the most important parameters in spin dependent transport 
phenomena, since it determines how long electrons can transfer the spin information [1]. The 
SDLs in different materials have been widely studied by lateral spin valve (LSV) [2], spin 
pumping (SP) [3], etc. Recently, Niimi et al. have experimentally demonstrated that the spin 
orbit lengths (SOLs) in noble metals obtained from weak antilocalization (WAL) measurements 
in quasi-1D wires are scaled with the SDLs determined from LSV [4]. The WAL approach 
provides a more reliable method for calibrating SDLs in noble metals since it avoids the 
shunting effect [5] or spin mixing conductance [6] occurring at the interface of a bilayer 
structure. 

In this work, we generalized the WAL method to 2D metallic thin film and systematically 
measured the WAL magnetoresistance in 2D Au thin film with thickness of 10 nm at low 
temperature. The SOLs in 2D Au thin films at low temperature were obtained through 2D 
Hikami-Larkin-Nagaoka (HLN) formula fitting. Considering the correlation between the spin 
orbit length and the spin diffusion length, the SDL in 2D Au thin films at 2 K is around 51 nm, 
which is comparable to the results in reference [2].  

[1]I.Žutić, J. Fabian, and S. Das Sarma, Rev. Mod. Phys. 76,323 (2004). 

[2]M. Isaka, E. Villamor, L. E. Hueso, M. Gradhand, and F. Casanova, Phys. Rev. B 91, 024402 
(2015).  

[3] C. Hahn, G. de Loubens, O. Klein, M. Viret, V. V. Naletov, and J. Ben Youssef, Phys. Rev. 
B 87, 174417 (2013).  

[4] Y. Niimi, D. Wei, H. Idzuchi, T. Wakamura, T. Kato, and Y. Otani, Phys. Rev. Lett. 110, 
016805 (2013). 

[5] L. Liu, R.A. Buhrman, and D.C. Ralph. Review and analysis of measurements of the spin 
Hall effect in platinum. arXiv preprint arXiv:1111.3702, (2011). 

[6] Y. Chen, S. Takahashi, H. Nakayama, M. Althammer, S. T. B. Goennenwein, E. Saitoh, and 
G. E. W. Bauer, Phys. Rev. B 87, 144411 (2010).  

 

Fig. 1: The magnetoresistance of 2D Au 
thin film measured with perpendicular 
magnetic field range from -2T to 2T at 
2K.The red line shows the 2D HLN fitting. 

Fig. 2: The temperature dependence of 
the spin diffusion length in 4 -wide 
patterned Au bar. 
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BREATHING MODES OF A MAGNETIC SKYRMION ON A DEFECTIVE 
SURFACE 

 

Namkyu Kim, Hee-Sung Han, Dae-Han Jung, and Ki-Suk Lee 

 

School of Materials Science and Engineering, Ulsan National Institute of Science and 
Technology (UNIST), Republic of Korea 

 

Due to the tiny size of magnetic skyrmions with their unique topological robustness [1], they 
hold the promise of low-energy and high-density memory devices. To utilize the magnetic 
skyrmions for future spintronic devices, their atomistic nature should be studied because this 
topological spin structures formed physically on the atomic sites in the monolayer-scaled-
thickness thin films. I.e., it is indispensable that the magnetic skyrmions are influenced by the 
surface roughness and the thermal fluctuation. To address those atomistic effects on the 
skyrmions, we adopt a numerical method based on atomic-scaled micromagnetic model. In this 
work, we focused on the effect of atomistic defects on the dynamics of skyrmions, particularly, 
the breathing mode. As a model system, monolayer Co nanodisk with 60 nm diameter was used. 
We assumed that the Co film has simple cubic (SC) structure with the lattice constant of 2.5  
and the interfacial Dzyaloshinskii-Moriya interaction (DMI) appears only at the bottom surface 
[3][4]. The DMI is considered as the tensor form of magnetic interaction between neighbor 
spins. To explore the effect of roughness, we assumed that the vacancies are formed randomly 
on the top surfaces of the Co film with various number of vacancies. Figure 1(a) reveals clearly 
that the size of skyrmion in a steady state is affected sensitively by the surface roughness; the 
vacancies shrink the skyrmion. As shown in Fig. 1(b), the breathing mode is affected 
dramatically with the roughness. While its eigenfrequency was enhanced with increasing the 
roughness, its amplitude and the quality factor decreases. This reveals that the atomistic defects 
can weaken significantly the topological robustness.  

[1] N. Romming et al., Phys. Rev. Lett. 114, 177203 (2015). 
[2] R. F. L. Evans et al., J. Phys. Condens. Matter 26, 103202 (2014). 
[3] A. Fert et al., Nat. Nanotechnol. 8, 152–156 (2013). 
[4] a. Crépieux et al., J. Magn. Magn. Mater. 182, 341–349 (1998).  
[5] T. Chanthong et al., Int. J. Phys. Sci. 7, 1820–1827 (2012). 
       

 
Fig. 1: (a) Expanding and contracting skyrmions with 0, 1500 atomistic defects. (b) Fast 

Fourier transformation (FFT) spectra for skyrmion breathing mode. 
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EVALUATION METHOD FOR FIELD-LIKE TORQUE EFFICIENCY BY 

MODULATION OF THE RESONANCE FIELD 
 

Changsoo Kim1, D. Kim1, B.S. Chun1, K.-W. Moon1, and C. Hwang1 

 
1Spin Convergence Research Team, Korea Research Institute of Standards and Science, 

Daejeon 34113, Republic of Korea  

 

Measuring the field-like spin-orbit torque (FLT) in ferromagnetic/heavy metal bilayer 

structure has drawn a lot of attention. Spin torque FMR is a relatively simple method compared 

to the electrical one since we don’t need to make the Hall bar structure. Previous method to 

apply for Spin Torque FMR involves the uncertainty that the microwave current entered to the 

device is hardly expectable. Liu et al.[1], assumed that the antisymmetric component of FMR 

spectrum is entirely comes from the Oersted field so that FLT has been neglected in determining 

the damping-like torque(DLT) from both the current density estimated from this Oesterd field 

and the symmetric part of FMR spectra. This method requires at least three samples with 

different thickness of HM because the slope in the plot of spin Hall angle vs. ferromagnetic 

thickness represents the DLT.  

Our method is quite different in that at least we can get the information from a single sample. 

We used the resonance frequency shift based on different direct current, which give the exact 

value of current density and the FLT. This value of FLT in addition to the Oesterd field gives 

the DLT from the both symmetric and asymmetric part of ferromagnetic signal. We need the 

information on the current density through the bilayers, which is reasonably measured within 

the error bars considered. Our approach gives an accurate determination of field-like torque, 

which is considered to be the important factor in determining the magnetization switching.    

 

[1] L. Liu, T. Moriyama, D. C. Ralph, and R. A. Buhrman, Spin-torque ferromagnetic 
resonance induced by the spin hall effect, Phys. Rev. Lett. 106, 036601 (2011) 
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ROOM TEMPERATURE NUCLEATION, ELECTRICAL DETECTION AND SPIN 
TORQUE INDUCED MOTION OF MAGNETIC SKYRMIONS IN MAGNETIC 

MULTILAYERS 
 

V. Cros1, W. Legrand1, D. Maccarriello1, J. Y. Chauleau1,2, K. Garcia1, S. Collin1, K. 
Bouzehouane1, H. Popescu2, C. Moutafis3, N. Jaouen2, N. Reyren1, A. Fert1 

 

1Unité Mixte de Physique CNRS, Thales, Univ. Paris Sud, Université Paris-Saclay, 91767 Palaiseau, 
France 

2 Synchrotron SOLEIL, L’Orme des Merisiers, 91192, Gif-sur-Yvette, France 
3 School of Computer Science, University of Manchester, Manchester, UK 

 
Magnetic skyrmions are small magnetic textures, topologically different from the uniform 
ferromagnetic state, are expected to allow for improved scalability and be suitable for 
“abacus”-type applications in information storage, or logic or neuro-inspired technologies [1].  
In this talk, I will present some of our recent experimental results showing that single sub-100 
nm skyrmions [2] can be nucleated and stabilized at room temperature in ultra-thin cobalt-
based multilayers thanks to a large interfacial chiral interaction [3]. Then I will show how a 
single skyrmion can be electrically detected through its contribution to the transverse Hall 
signal [4] and that current-induced skyrmion motion can be observed in nanotracks and 
compared it to simulations, accounting for the skyrmion size, its confinement in the track as 
well as some non-homogeneities of the magnetic parameters [5]. Finally, I will report about 
our recent predictions but also experimental observations of the existence of a hybrid chirality 
of skyrmions (or domain walls) due to the competition between the different magnetic 
interactions existing in such multilayered systems. After having demonstrated a direct 
evidence of such hybrid chirality [6] by probing the surface spin ordering of multilayers with 
circular dichroism in X-ray resonant magnetic scattering [7], we will further discuss the 
impact of such hybrid chirality in technologically relevant multilayers depending on different 
parameters such as the number of stacked layers, interfacial anisotropy or interlayer exchange 
coupling. 
All these advances are important to demonstrate the basic functions required for any type of 
skyrmion based devices i.e. writing the information (nucleation of individual skyrmions), 
processing the information (displacement, creation/annihilation of skyrmions), reading the 
information (detection of individual skyrmions). 
 
EU grant MAGicSky No. FET-Open-665095, SoGraph (ANR-15-GRFL-0005) and ANR 
grant TOPSky is acknowledged.  
 
[1] A. Fert, N. Reyren, V. Cros, Nat. Rev. Mat. 2, 17031 (2017); [2] C. Moreau-Luchaire et 
al., Nat. Nanotech, 11, 444 (2016); [3] J. Sampaio et al., Nat. Nanotech. 8, 839 (2013) [4] D. 
Maccariello et al., Nat. Nanotech doi:10.1038/s41565-017-0044-4 (2018); [5] W. Legrand et 
al., Nanoletters, 11, 444 (2016); [6] W. Legrand et al., arXiv:2017 ; [7] J.Y. Chauleau et al., 
Phys. Rev. Lett. 120, 037202 (2018); 
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FERROMAGNETIC RESONANCE IN SKYRMIONIC SPIN STRUCTURE USING 
SPIN POLARIZED SCANNING TUNNELING MICROSCOPY 

M. Hervé1, M. Peter1, T. Balashov1 and W.Wulfhekel1 

 
1Physikalisches Institut, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany 

 

In this communication, we report on the experimental development of a new technique 
to measure locally ferromagnetic resonance signal with a SP-STM. The concept of this 
experiment, inspired by the spin torque diode effect [1], is based on the homodyne detection of 
the resonance signal in the sample. A continuous radio-frequency (rf) voltage (up to 3 GHz) is 
mixed to the bias voltage of the STM [2]. If there is a magnetization precession under the STM 
tip, the tunneling conductance will be modulated at the resonance frequency. When the high 
frequency signal mixed to the tunneling junction reach the resonance frequency of the 
precession, the tunneling current is rectified. This rectified current, measurable by conventional 
STM transimpedance amplifier correspond to a ferromagnetic resonance signal in the sample.   

Our experiments conducted on the skyrmionic spin structure Fe(1ML)/Ir(111) [3] allowed to 
reveal a resonance signal at 615 MHz (figure 1.b). The origin of this feature is in agreement a 
ferromagnetic resonance signal where both the amplitude of the magnetization precession 
(Figure 1(c)) and the phase difference between the rf excitation and the magnetization 
precession (figure 1(d)) are directly correlated to the spin structure. 

[1] A. A. Tulapurkar, Y. Suzuki, et. al., Nature 438, 339 (2005) 
[2] M. Hervé, M. Peter, and W. Wulfhekel, Appl. Phys. Lett. 107, 093101 (2015) 
[3] S. Heinze, K. von Bergmann, et. al.,  Nature Physic 7, 713 (2011) 

 

Fig. 1: (a) SP-STM topography revealing the skyrmionic spin structure on Fe(1 ML)/Ir(111) – 
(b) Additional DC component of the tunneling current versus the rf frequency recorded on 
several location of the spin structure – Spatial variation of the amplitude (c) and frequency 
position (d) of the peak within an area of 2x2nm2 of the skyrmionic lattice.    
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A COMPLEX THEORETICAL DESCRIPTION OF MAGNETIC ANISOTROPY 
OF Fe FILMS AND ITS VARIATION WITH COVERING 

AND DUE TO QWS CONTRIBUTING AT LOW TEMPERATURES 
 

M. Cinal1, M. Dąbrowski2,3, G. Chen4, A. K. Schmid4, M. Przybylski2,5 
 

1 Institute of Physical Chemistry of Polish Academy of Sciences, Warszawa, Poland 

2 Max-Planck-Institut für Mikrostrukturphysik, Halle, Germany 
3 Physics and Astronomy, University of Exeter, Exeter, United Kingdom 

4 NCEM, Lawrence Berkeley National Laboratory, Berkeley, California, United States 
5 Faculty of Physics and Applied Computer Science and Academic Centre for Materials and 

Nanotechnology, AGH University of Science and Technology, Kraków, Poland,  
 
Magnetic anisotropy of the films grown on vicinal surfaces is strongly  modified compared to 
the films grown on atomically flat surfaces. In particular, easy magnetization direction can be 
tilted at any angle from the film plane. Moreover, magnetic anisotropy can be affected by 
protecting layers and at low temperature shows oscillatory effects due to spin-polarized 
quantum well states (QWS) (reported e.g. in Fe(001) and Co(001) films [1], [2]). 

We propose a complex model describing how magnetic anisotropy changes: (1) by growing 
the Fe films on vicinal surfaces of Ag substrate, (2) upon covering with Au, and (3) due to 
QWS contributing at low temperatures. The model, accounting for the shape anisotropy and 
relevant magnetocrystalline anisotropy terms, predicts magnetization easy axis to be either 
parallel or perpendicular to the step edges. A vital feature of this model is the allowed 
dependence of the anisotropy constants on the Fe and Au layer thicknesses which makes this 
model more flexible in describing magnetic anisotropy.  

The model is verified experimentally for as grown films (by Spin-Polarized Low Energy 
Electron with no external magnetic field) and by Magneto-Optical Kerr Effect at room and 
low temperatures. SPLEEM experiments allowed us to determine domain magnetization with 
increasing Fe thickness and with increasing thickness of the coverage. MOKE experiment 
allowed us to determine the orientation of easy magnetization axis. The observed tilting of 
easy magnetization axis from the film plane is shown to result from the total  uniaxial 
magnetic anisotropy being the sum of three uniaxial anisotropies of different origins acting 
within the plane perpendicular to the steps.  

The model explains the effect of covering with Au on  the in-plane uniaxial anisotropy as well 
as the effect of Au on the tilting angle. Upon covering the Fe film with Au, the tilted easy axis 
rotates to another tilted orientation perpendicular to steps or switches to the direction parallel 
to the steps in some Au thickness range. In particular, the latter switching scenario is observed 
in SPLEEM experiment on the Au/Fe(4.5 ML) wedge and it is reproduced theoretically by 
assuming gradual changes of anisotropy with increasing Au thickness. The most fascinating is 
oscillatory behavior of the tilting angle observed in the vicinity of spin-reorientation transition 
at low temperatures. It is shown that this behavior results from the oscillations of the 
anisotropy constants due to QWS. Finally, we discuss the anisotropy constants quantitatively 
since they can be obtained from the fit of experimental data to the model. In particular, the 
obtained fits reproduce very accurately the tilting angle both at room and low temperatures. 
 
[1] M. Przybylski, M. Dąbrowski, U. Bauer, M. Cinal, and J. Kirschner, J. Appl. Phys. 111, 
07C102 (2012).  
[2] M. Dąbrowski, M. Cinal, M. Przybylski, G. Chen, A. T. N’Diaye, A. K. Schmid, and       
J. Kirschner, Phys. Rev. B 93, 064414 (2016). 
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ROLE OF THE SURFACE STATE IN THE KONDO EFFECT OF COBALT SINGLE 
ADATOMS ON SILVER (111) 

 

Q. L. Li1, C. Zheng1, R. Wang1, K. X. Xie1, X. X. Li1, B. F. Miao1,2, R. X. Cao1, L. Sun1,2, D. 
Wu1,2, Y. Z. Wu2,3, S. C. Li1,2, B. G. Wang1,2, and H. F. Ding1,2 

 
1Department of Physics, Nanjing University, Nanjing, China 

2Collaborative Innovation Center of Advanced Microstructures, Nanjing, China 
3Department of Physics, Fudan University, Shanghai, China 

 

The Kondo effect describes the screening of the magnetic moment of the impurity by the 
surrounding bath electrons through the exchange interaction [1]. There is a characteristic 
temperature called Kondo temperature (TK) and it is associated with the density of states (DOS) 
at Fermi level ρ(EF) and the exchange constant J. When a surface state crosses the Fermi level, 
it is anticipated to influence ρ(EF) and thus TK. However, the fundamental questions on 
whether and how the surface state influences the Kondo temperature remain as an ongoing 
debate. 

By using atomic manipulation with LT-STM, we performed systematic studies of the Kondo 
resonance for Co monomers on Ag(111) and found compelling evidence that the surface state 
does influence the Kondo temperature. The width of the Kondo resonance oscillates with the 
same period of half Fermi wavelength of the surface state. But the amplitude increases for the 
three cases studied of a Co adatom: (i) placed next to another Co adatom, (ii) at the vicinity of 
a step edge, and (iii) quantum confined within nano-corrals. A larger than 3-times enhancement 
of the resonance width can be achieved when the lateral quantum confinement is introduced. 
The oscillations of the Kondo temperature are compared with the corresponding dI/dV spectra 
at EF obtained by moving the originally probed Co adatom apart and similar oscillations were 
found. The experiments can be understood by an analytical model where the contributions of 
the bulk and surface states are weighted by their exchange values with the magnetic impurity 
(Jb and Js). Within the model, Jb  and Js  are derived consistently for all three cases. Our 
experiments show that the Kondo resonance width can be continuously and significantly tuned 
by quantum confinement of the surface state, which pave a new pathway to tailor the Kondo 
effect and also provide new opportunities in spintronics and spin-based quantum information 
processing. 

This work was supported by the National Key R&D Program of China (Grant No. 
2017YFA0303202), the NationalNatural Science Foundation of China (Grants No. 51571109). 

[1] A. C. Hewson, The Kondo Problem to Heavy Fermions (Cambridge University Press, 
Cambridge, England, 1993) 

       

Fig. 1: STM topography of Co 
adatom at corral center on Ag(111). 

Fig. 2: The corral radius dependent Kondo 
resonance width of central Co adatom.  
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MAGNETIC HOPFIONS 
 

Paul Sutcliffe 

 

Department of Mathematical Sciences, Durham University, Durham, UK  

 

A magnetic skyrmion is a nanoscale topological soliton with a two-dimensional topological 
charge that counts the winding of the local magnetization around the sphere of possible 
directions. Here I shall discuss a related three-dimensional topological soliton, known as a 
hopfion, in which the topological charge is a linking number of curves of constant local 
magnetization. Hopfions may be thought of as closed loops of twisted skyrmion strings and 
numerical computations provide support for their existence in frustrated magnets. The results 
from simulations show that as the topological charge increases the lowest energy state for a 
hopfion is a twisted skyrmion string tied into a knot. The relation to micrometer sized hopfions, 
created recently in experiments on chiral ferromagnetic fluids, will also be discussed. 

  

This work was supported by The Leverhulme Trust under grant no. RP2013-K-009. 

[1] P.M. Sutcliffe, Phys. Rev. Lett. 118, 247203 (2017). 

[2] P.M. Sutcliffe, Nature Materials 16, 392 (2017). 

Fig. 1: Curves of constant local magnetization for hopfions 
of charge 1, 8 and 12, in a model of a frustrated magnet. 
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TOPOLOGICAL SPIN TEXTURES IN CHIRAL MAGNETS: FROM 2D TO 3D 
 

 

Jiadong Zang1 

 
1Department of Physics, University of New Hampshire, Durham NH, USA  

 

Chiral magnets are a series of magnets with broken inversion symmetry. A new type of spin 
interaction therein, the Dzyaloshinskii-Moriya interaction, stimulates the formation of many 
novel topological spin textures. One typical example is the emergence of magnetic skyrmion, 
whose nontrivial topology enables unique dynamical property and thermal stability and gives 
out promise on future magnetic memory devise. In this talk, I will present other topological 
spin textures highly related to skyrmions. One is the target skyrmion we recently observed, 
both theoretically and experimentally, in ultra-small nanodisks of chiral magnets. Zero-field 
target skyrmions and their polarization switch will be discussed. Putting in heterostructures, 
we also found a new type of topological configuration dubbed the Hopfion therein. Finally, I 
will discuss emergent topology driven by thermal fluctuations. This work is supported by 
supported by the grant DE-SC0016424 funded by the U.S. Department of Energy, Office of 
Science. 
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IMPRINTING AND TOPOLOGICAL SPIN TEXTURES IN THIN DMI 

MULTILAYERS 
 

Noah Kent1,2, Robert Streubel1, Charles-Henri Lambert1, Scott Dhuey3, Mi-Young Im1, Peter 
Fischer1,2 

 
1Materials Sciences Division, Lawrence Berkeley National Laboratory 

2Physics Department, UC Santa Cruz, CA  
3Molecular Foundry, Lawrence Berkeley National Laboratory 

 
Spin textures and their dynamics hold the key to understand and control the properties, 
behavior and functionalities of novel magnetic materials. New avenues to control magnetic 
materials open up through enhanced complexity and new functionalities, which can impact 
the speed, size and energy efficiency of spin driven applications. Advanced imaging tools that 
provide magnetic sensitivity to spin textures at high spatial resolution, ultimately at buried 
interfaces and in all three dimensions, and high temporal resolution to capture the spin 
dynamics across scales, are therefore of large scientific interest.  

We will report on a recent study of topological spin textures that were imprinted due to 
coupling between a 30nm thin permalloy (Py) nanodisk with diameters from 250-1000nm and 
a multilayer Ir/Co/Pt film with strong DMI. Using element-specific magnetic soft x-ray 
microscopy we were able to image the magnetic structure of the Py nanomagnets and the spin 
texture in the DMI film independently. We found a significant increase of the imprinted 
domain period (240nm) in the DMI film compared to the free film (180nm), which can be 
traced back to a locally varying stray field energy. Depending on the size of the nanodisks, we 
observed a change of the skyrmion diameter, and we directly observe target Neel skyrmions 
stabilized by a radial symmetry enforced by the Py disk. We confirm that these structures 
have a uniform chirality enforced by the DMI of the thin film by observing an asymmetric 
expansion of the domain walls as a function of applied magnetic field. 

This work was supported by the U.S. Department of Energy, Office of Science, Office of Basic 
Energy Sciences, Materials Sciences and Engineering Division Contract No. DE-AC02-05-
CH1123 in the Non-Equilibrium Magnetic Materials Program (MSMAG). 

[1] P. Fischer and H. Ohldag, Report on Progress in Physics 78 094501 (2015) 
[2] D.A. Gilbert, et al., Nature Communications 6 8462 (2015) 
[3] F. Zheng, et al. Phys. Rev. Lett. 119 197205 (2017) 
[4] A. Hubert, JMMM 195 182-192 (1999) 

 

 
Fig 2: A target Neel skyrmion imprinted 
underneath a 1um permalloy nanodisk with 
four pi rotations of the z component of the 
magnetization.  

 
Fig 1: SEM image of Permalloy 
nanodisks ranging in diameter from 
250nm-1000nm on an Ir/Co/Pt 
multilayer. 
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ANTISKYRMIONS STABILIZED BY ANISOTROPIC DZYALOSHINSKII-MORIYA 
INTERACTION AT INTERFACES OF LOW SYMMETRY 

 

Markus Hoffmann1, Bernd Zimmermann1, Gideon P. Müller1,2 , Daniel Schürhoff1, 
Nikolai S. Kiselev1, Christof Melcher3, Stefan Blügel1 

1Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum Jülich 
and JARA, 52425 Jülich, Germany 

2Science Institute of the University of Iceland, VR-III, 107 Reykjavík, Iceland 
3Department of Mathematics I & JARA, RWTH Aachen University, 52056 Aachen, Germany 

 

Skyrmions – localized and topologically protected vortex-like magnetic textures – are the 
main focus within the current research field of chiral magnets for spin-orbitronics, as they 
promise to be the new information-carrying particle in future low-power information and 
communication technology (Green ICT).  

We discuss in this contribution the emergence of antiskyrmions, magnetic textures with a 
topological charge opposite to the one of skyrmions, which are considered unstable in chiral 
film magnetism according to conventional wisdom. Extending micromagnetics from a scalar 
to tensor Dzyaloshinskii-Moriya (DM) interaction, we show that chiral magnets cannot only 
host skyrmions, but also antiskyrmions as least-energy configurations over all non-trivial 
homotopy classes. We derive practical criteria for their occurrence and coexistence with 
skyrmions that can be fulfilled by interfaces of low symmetry in dependence of the electronic 
structure.  

We also propose a whole class of materials as possible candidates for the realization of 
antiskyrmions, namely ultrathin magnetic films grown on heavy-metal substrates with 2  

symmetry. An experimentally well-investigated system of this class is the double layer of Fe 
grown on a W(110) substrate. Combining density-functional theory calculations with spin-
relaxation simulations employing a realistic atomistic spin model, we show that this system 
indeed hosts stable antiskyrmions rather than skyrmions [1].  

Acknowledged is funding from the DARPA TEE program (grant MIPR#HR0011831554) 
from the DOI and from the Icelandic Research Fund (grant no. 152483-052). 
 
 [1] M. Hoffmann et al., Nature Comm. 8, 308 (2017) 

 

Fig.: Left: Schematic picture of an antiskyrmion. The color code shows the Neel-type 
rotational sense in radial direction from red (clockwise) via gray (vanishing rotational 
sense) to green (counter clockwise). Right: Sketch of the W(110) surface unit cell for the 
exemplary case that the nearest-neighbour DM vectors (blue arrows) point along the bond 
direction. The effective DM vectors along high-symmetry directions (small green and red 
arrows) induce multichirality, which stabilizes antiskyrmions rather than skyrmions. 
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MAGNETIC SKYRMION FLUCTUATIONS 
 

M. H. Seaberg,1 B. Holladay,2 J. C. T. Lee,3,4 M. Sikorski,1 A. H. Reid,1 S. A. Montoya,5,6     
G. L. Dakovski,1 J. D. Koralek,1 G. Coslovich,1 S. Moeller,1 W. F. Schlotter,1 R. Streubel,7    

S. D. Kevan,3,4 P. Fischer,7 E. E. Fullerton,5,6 J. L. Turner,1 F.-J. Decker,1 S. K. Sinha,2           
S. Roy,4, and J. J. Turner1 

 
1Linac Coherent Light Source, SLAC National Accelerator Laboratory, Menlo Park, California 

94720, USA 
2Department of Physics, UC San Diego, La Jolla, California 92093, USA  

3Department of Physics, University of Oregon, Eugene, Oregon 97401, USA  
4ALS, Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA  

5Center for Memory and Recording Research, UC San Diego, La Jolla, California 92093, USA 
6Dept. of Electrical & Computer Engineering, UC San Diego, La Jolla, California 92093, USA 

7Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, California 
94720, USA 

 

We discuss a method that exploits x-ray spatial coherence and the recent development of a 
two-pulse mode [1] at the Linac Coherent Light Source free electron laser [2]. By using 
coherent resonant x-ray magnetic scattering, we studied spontaneous fluctuations on 
nanosecond time scales in thin films of multilayered Fe/Gd that exhibit ordered stripe and 
skyrmion lattice phases (Fig. 1). The correlation time of the fluctuations was found to differ 
between the skyrmion phase and near the stripe-skyrmion boundary by measuring the 
probability of different numbers of n-photon events per speckle (Fig. 2). This technique will 
enable a significant new area of research on the study of equilibrium fluctuations in other 
types of magnetic systems as well. We furthermore consider future directions and 
developments. 

This work was supported by U.S. Department of Energy, Office of Science, Office of Basic 
Energy Sciences under Contract No. DE-AC02-76SF00515, DE-AC02-05CH11231, DE-
AC02-05-CH11231, and DE-SC0003678. 

[1]   F.-J. Decker, et al., submitted. 
[2]   C. Bostedt, et al. Rev. Mod. Phys. 88, 015007 (2016) 
[3]   M. Seaberg, et al. Phys. Rev. Lett. 119, 067403 (2017)  
 

                  
 
 
 
 

Fig. 1: Geometry of the x-ray 2-pulse experiment 
showing the detectors, the sample, and magnetic 
field. INSET: a cartoon diagram of a chiral skyrmion 
and the x-ray diffraction pattern of a hexagonal 
skyrmion lattice. 

Fig. 2: The probability of 
detecting 2-photon events per 
speckle in a skyrmion diffraction 
pattern. The  distribution change 
gives information about how the 
skyrmions fluctuate in their 
equilibrium state. 
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CHARACTERIZATION OF COUPLING BETWEEN MECHANICAL ANGULAR 
MOMENTUM AND ELECTRON SPIN 

 

M.Xu1, J. Puebla2, F. Auvray1, B. Rana2, K. Kondou2, and Y. Otani1,2 

 
1ISSP, University of Tokyo, Kashiwa, Japan 

2CEMS, RIKEN, Wako, Japan 

 

In recent years, manipulation of pure spin currents is being vigorously investigated in order to 
gain a deeper understanding of spin dynamics and enriching the functionality of electronic 
devices. To this end, the ability to create spin currents is essential. It has been suggested that 
mechanical motion in ferromagnetic systems (magnon-phonon coupling) and in nonmagnetic 
metals (spin-rotation coupling) can be utilized as spin currents generator [1, 2]. 

In the presence of magnetic materials, magnon-phonon coupling can be achieved by passing 
surface acoustic waves (SAW) across ferromagnetic layers, driving magnetization dynamics 
known as acoustic FMR(A-FMR), followed with injection of spin current into adjacent 
nonmagnetic layers (see Fig.1). Efficient spin to charge conversion via inverse Edelstein 
effect (IEE) allow us to analyze the generated spin current by electrical measurement (see 
Fig.2) [3].  

In the absence of magnetic materials, SAW driving Coriolis field can rearrange spin states in 
solids, inducing non-equilibrium spin accumulation. We propose optical characterization 
(Magneto Optical Kerr Effect) as an unambiguous detection method. As a first step, we 
succeeded in optically detecting of the spin accumulation generated by injection of non-
polarized charge current at nonmagnetic metal/oxide interface (see Fig.3) [4]. 

In this study, Rayleigh-type surface acoustic waves in GHz regime is exploited to induce 
coherent elastic motion, exciting spin currents resonantly at room temperature. The result of 
our work indicates that surface acoustic waves provides an efficient tool to generate spin 
currents and shows its potential to develop Spintronic devices.  

 

          
 
 
 
 
 
 
[1] M. Weiler, H. Huebl, F. S. Goerg, F. D. Czeschka, R. Gross, and S. T. B. Goennenwein, Physical 
 Review Letters 108, 176601 (2012). 
[2] M. Matsuo, J. i. Ieda, K. Harii, E. Saitoh, and S. Maekawa, Physical Review B 87, 180402 (2013). 
[3] M. Xu, J. Puebla, F. Auvray, B. Rana, K. Kondou, and Y. Otani, under review at Phys. Rev. B, Rapid 
 Comm. (2018) 
[4] J. Puebla, F. Auvray, M. Xu, B. Rana, A. Albouy, H. Tsai, K. Kondou, G. Tatara, and Y. Otani, Appl. 
 Phys. Lett. 111, 092402 (2017). 

Fig. 1: Schematics of 
acoustic spin pumping. 

Fig. 2: Acoustic spin pumping 
signal measured on Ni/Cu/Bi2O3 
(red circles) and Ni/Ag/Bi2O3 
(blue triangles) devices  

Fig. 3: Schematics of optical 
detection of spin accumulation at 
nonmagnetic metal/oxide 
interface 
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THERMALLY INDUCED SPONTANEOUS AF SUPER-DOMAIN WALL 
FLUCTUATIONS IN ARTIFICIAL SPIN ICE 

 
X. M. Chen,1, 2  B. Farmer,2  J. S. Woods,2  J. C. T Lee,1  S. D. Kevan,1  L. E. De Long,2  S. 

Roy,1 J. T. Hastings2  

 
1 Lawrence Berkeley National Laboratory, Berkeley CA 

2 University of Kentucky, Lexington KY 

 

Dipolar coupled systems are receiving considerable interest lately due to their possible 
application to quantum storage device and quantum computing [1,2].  However, their 
collective dynamics in the vicinity of phase transitions is still an under-explored area. We 
studied super-domain wall dynamics close to the antiferromagnetic (AF) transition in an 
artificial square ice using soft x-ray photon correlation spectroscopy (XPCS).  Our results 
show seconds-to-milliseconds timescale nucleation and annihilation of domain walls in the 
otherwise AF ordered lattice. Decay time obtained from one-time correlation of domain 
movement can be well described using the Vogel–Fulcher–Tammann equation, indicating that 
while the square ice itself undergoes a first order phase transition to AF ground state, domain 
walls go through a glass-like transition where they freeze-in at low temperature. 

 

This work is supported by the U.S. Department of Energy, Office of Science, Office of Basic 
Energy Sciences under Award Number DE-SC0016519 

 

[1]  P. Neumann, Nature Physics 6, 249–253 (2010) 

[2]  R. Sibille, Nature Communications 8 (2017) 

 

 

                  

Fig. 1: Spontaneous fluctuation observed 
in Bragg peak of AF domains 

Fig. 2: Vogel–Fulcher–Tammann 
fitting to the decay time 
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ULTRAFAST AND ULTRASMALL: DOMAIN WALLS AND SKYRMIONS IN 
COMPENSATED FERRIMAGNETIC THIN FILMS 

 

L. Caretta1, M. Mann1,  F. Büttner1, K. Ueda1, B. Pfau2, C.M. Günther2, P. Hessing2, A. 
Churikova1, C. Klose2, M. Schneider2, D. Engel2, C. Marcus1, D. Bono1, K. Bagschick4, S. 

Eisebitt2,3, G.S.D. Beach1 

 

1 Dept. of Materials Science and Engineering, MIT, Cambridge, Massachusetts 02139, USA 
2 Max-Born-Institut, MaxBorn-Straße 2A, 12489 Berlin, Germany 

3 Institut für Optik und Atomare Physik, Technische Universität Berlin, Hardenbergstraße 36, 
10623 Berlin, Germany 

4 Deutsches ElektronenSynchrotron, FS-PE, Notkestraße 85, 22607 Hamburg, Germany 
 

Spintronics is a research field geared toward understanding and controlling spins on the 
nanoscale, enabling next generation data storage and manipulation. The technological and 
scientific challenge is to stabilize ultrasmall spin textures and to move them efficiently with 
ultrahigh velocities. Inspired by hard disk materials, research so far has focused on 
ferromagnetic materials, but these materials show fundamental limits for speed1 and size2, 
calling for radically different ideas. Here, we demonstrate by direct imaging that compensated 
ferrimagnets are not affected by these limits. Near angular momentum compensation (TA), the 
spins align with the magnetic field without any precession and a driving force immediately 
leads to acceleration in the direction of force3,4. This makes all presently known forms of spin 
texture motion (DWs and skyrmions) extremely efficient near TA. While the dynamics depend 
on TA,the magnetization compensation (TM) is important for the statics of spin textures. Near 
TM stray fields become negligible and spin textures are stabilized by the competition of 
exchange, anisotropy, and Dzyaloshinskii-Moriya interaction, DMI. Thus, materials with 
reduced stray fields can sustain zero field skyrmions with less than 10 nm in diameter at room 
temperature2. Using ferrimagnetic Pt/GdCo/Ta with sizable DMI, we realize a record-high 
current-driven domain wall velocity of 1.3 km/s and room-temperature stable 10 nm diameter 
skyrmions near TA and TM, respectively. Theoretically, we explain that our observations are 
universal and that high speed, high density spintronics devices can only be realized using 
materials where TA and TM are close together. 
 

 

 
Fig 1: Hc, MS, and vDW as a function 
of temperature. Divergence of Hc and 
minimization of Ms occurs at TM (tan 
vertical line). Record-high vDW of 
1.3km/s occurs near TA (green 
vertical line). 

Fig 2: X-ray holography images of skyrmions in 
GdCo at a) 0mT and b) 310mT. c) Line scan across 
two skrymions in (b) illustrating 30 and 16 nm 
skyrmions. Profile is a convolution of the black fit 
curve and a Gaussian, accounting for system 
resolution and high pass filtering. 

 

[1] Martinez, E. et al. Current-driven dynamics of Dzyaloshinskii domain walls in the 
presence of in-plane fields. J. Appl. Phys. 115, 213909 (2014). 
[2] Buttner, F., Lemesh, I. & Beach, G. S. D. Theory of isolated magnetic skyrmions: From 
fundamentals to room temperature applications. Adv. Online Publ. (2018). 
[3] Tchernyshyov, O. Conserved momenta of a ferromagnetic soliton. Ann. Phys. (N. 
Y). 363, 98–113 (2015). 
[4] Tatara, G. Effective gauge field theory of spintronics. (2017). doi:arXiv:1712.03489v2 
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VELOCITY ENHANCEMENT  
BY SYNCHRONIZATION OF MAGNETIC DOMAIN WALLS 

 

S. Rohart1, A. Hrabec1, V. Krizakova2, S. Pizzini2, J. Sampaio1, A. Thiaville1, and J. Vogel2 

 
1Laboratoire de Physique des Solides, Université Paris-Sud, Orsay, France 

2Institut Néel, CNRS, Grenoble, France 

 

In this work, we study how oscillator synchronization can be used to optimize the dynamics 
of coupled domain walls (DWs). In ultrathin films with perpendicular magnetization, we 
show that dipolarly coupled domain walls reach larger velocities as compared to isolated 
ones, when the two walls have opposite chiralities, creating a magnetic flux closure situation 
[1]. The observation of enhanced velocities above the Walker breakdown, therefore in a 
precessional motion regime, implies that the DWs internal oscillations are synchronized to 
preserve the flux closure, especially when their natural frequencies are different. Using an 
additional in-plane magnetic field, the system can be tuned and synchronization is observed 
over a finite range of detuning. Complementary simulations demonstrate a rich variety of 
states, from perfect synchronization to complete separation. 

The samples under study are composed of a Pt/Co/Au/Co/Pt stack, where the magnetic flux 
closure at the DWs is combined with the Dzyaloshinskii-Moriya interaction (DMI) at the 
Pt/Co interfaces to provide an enhanced chiral energy [2]. The dynamics is observed by polar 
Kerr microscopy with 30-ns field pulses, which allows investigating coupled DWs as well as 
individual ones in each layer. As compared to individual DWs, coupled walls display a 40% 
velocity increase, a direct consequence of the flux-closure mechanism. As both layers have 
slightly different DMI constants, the pair of DW can be broken at large field but a 12-mT in 
plane field is used to tune and compensate the difference and enable propagation at larger 
fields (up to 250 mT) without breaking the wall pair, due to a more symmetric situation. 
Micromagnetic simulations, fitted on the single DW measurements, perfectly reproduce the 
observations on coupled DWs and enable further insight into the synchronization effects. In 
particular, the possibility to tune the system is used to obtain complex synchronized states and 
show the intimate coupling between walls oscillation and relative position. 

[1] A. Bellec, et al, Europhys. Lett., 91 17009 (2010)  
[2] A. Hrabec, et al, Nat. Commun., 8 15765 (2017) 

 
Fig 1: (a) Sketch of the DW structure. The yellow circle underlines the flux closure situation. 
(b) Coupled and isolated DW velocities. The full dots are the experiments and the open dots 
are the micromagnetic modeling. (c) DW magneto-optical images (scale bar: 10 µm). After a 
150-mT field pulse, the coupled DW in the first image splits into two isolated DWs. 
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CHIRAL SPINTRONICS 
 

See-Hun Yang 

 

IBM Research – Almaden, San Jose, CA, USA 
 

Chirality is one of the fundamental asymmetries in nature.  Recently chiral nature of specific 
magnetic structures has been enormous attention and arisen to be very useful for potential 
application to spintronics since it has been realized that the combination with spin-orbit 
interaction such as spin Hall effect can be very efficient in manipulation of magnetic elements 
[1].  In this talk I will present a variety of novel emergent phenomena associated with chiral 
properties from emergent magnetic nanostructures: spin-orbit torques from perpendicularly 
magnetized ultrathin films [2], exchange coupling torque [3] and chiral exchange drag [4] from 
synthetic antiferromagnets, and chiral tunneling from chiral molecules [5]. In the end I will 
conclude my talk with promising outlooks from these new findings. 

  

This work was partially supported by Army Research Office under contract no. W911NF-13-
0107. 

[1] S. S. P. Parkin, and See-Hun Yang, “Memory on the racetrack”, Nature Nanotechnology 
(2015). 

[2] K.-S. Ryu, L. Thomas, See-Hun Yang, and S. S. P. Parkin, “Chiral spin torque at magnetic 
domain walls”, Nature Nanotechnology 8, 527 (2013). 

[3] See-Hun Yang, K.-S. Ryu, and S. S. P. Parkin, “Domain-wall velocities of up to 750 m/s 
driven by exchange-coupling torque in synthetic antiferromagnets”, Nature 
Nanotechnology 10, 221 (2015). 

[4] See-Hun Yang, C. Garg, and S. S. P. Parkin, “Chiral Exchange Drag and Chirality 
Oscillations in synthetic antiferromagnets”, Nature Physics (2018) submitted. 

[5] K. Banerjee-Ghosh, O.B. Dor, F. Tassinari, E. Capua, S. Yochelis, A. Capua, See-Hun 
Yang, S.S.P. Parkin, S. Sarkar, L. Kronik, L. T. Baczewski, R. Naaman, and Y. Paltiel, 
“Separation of Enantiomers by Enantio-Specific Interaction of Chiral Molecules with 
Magnetic Substrates”, Science (2018) submitted. 
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CHIRALITY IN MAGNETIC MULTILAYERS PROBED BY THE SYMMETRY AND 
THE AMPLITUDE OF DICHROISM IN XRMS 

 

J.Y. Chauleau1,2, W. Legrand2, N. Reyren2, D. Maccariello2, S. Collin2, H. Popescu1, 
K. Bouzehouane2, V. Cros2, N. Jaouen1 and A. Fert2 

1Synchrotron SOLEIL, L’Orme des Merisiers, 91192 Gif-sur-Yvette, France 
2Unité Mixte de Physique, CNRS, Thales, Université Paris-Sud, Université Paris-Saclay, 

91767 Palaiseau, France 

Nowadays, magnetic chirality has become a topic of utmost importance considering 
the ever-growing interest in static and dynamic properties of topological magnetic structures 
such as magnetic skyrmions and domain walls and their possible implications in future high-
density data storage devices [1]. One effective way of inducing chiral magnetic structures is 
to consider magnetic systems showing a dominant Dzyaloshinskii-Moriya interaction (DMI) 
[2]. To master the stabilization of such magnetic objects one needs to access the magnetic 
chirality, which remains a challenge. Recently analyzing the amplitude of magnetic satellites 
of a crystal Bragg peak, Zhang et al. [3] showed that x-ray resonant magnetic scattering 
(XRMS) is a powerful tool to access to the relevant topological parameters (chirality, winding 
number, ...). 

Here we report that small angle XRMS is a straightforward tool to reveal directly the 
properties of chiral magnetic systems. Our approach using dichroism in reflectivity doesn’t 
need to access to a Bragg peak can therefore be used for any type of materials (ultra thin 
films, amorphous, …). We show that it can straightforwardly and unambiguously determine 
the main characteristics of chiral magnetic distributions: its chiral nature, the quantitative 
winding sense (clockwise or counterclockwise), and its type, i.e., Néel (cycloidal) or Bloch 
(helical). This method is model independent, does not require a priori knowledge of the 
magnetic parameters, and can be applied to any system with magnetic domains ranging from 
a few nanometers (wavelength limited) to several microns. By using prototypical multilayers 
with tailored magnetic chiralities driven by spin-orbit-related effects at Co/Pt interfaces, we 
illustrate the strength of this method [4]. 

 

 

 

 

 

 

European Union Grant FLAG-ERA SoGraph (ANR-15- 356 GRFL-0005) and MAGicSky 
(FET-634 Open-665095) are acknowledged for financial support. 

. [1] A. Fert, V. Cros and J. Sampaio, Nature Nano. 8 152 (2013) 

. [2] I. Dzyaloshinskii, J. of Phys. and Chem. of Solids 4, 241 (1958), T. Moriya, Phys. 

Rev. 120, 91 (1960) 
. [3]    S.L. Zhang, G. van der Laan, and T. Hesjedal, Nat. Commun. 8, 14619 (2017)  
. [4]    J.-Y. Chauleau et al., Phys. Rev. Lett. 120, 037202 (2018)     

Fig. 1: (a) XRMS configuration. (b) 
Magnetization texture from micromagnetic 
simulations in [Ir/Co/Pt]×5 multilayer. (c) 
MFM image showing the out-of-plane 
magnetic contrast, in inset a FFT evidencing a 
180±30 nm period disordered magnetic stripe 
pattern (d) (CL-CR)/(CL+CR) image 
evidencing a pronounced magnetic asymmetry, 
in inset the raw diffraction pattern 
corresponding to the 180 nm worms domains. 
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CHIRAL FERRIMAGNETISM IN AMORPHOUS Gd-Co FILMS 
 

Robert Streubel1, Charles-Henri Lambert2, Noah Kent1,3, Peter Ercius4, Alpha T. N’Diaye5, 
Colin Ophus4, Sayeef Salahuddin1,2, and Peter Fischer1, 3  

 
1Materials Sciences Division, Lawrence Berkeley National Laboratory, Berkeley CA, USA  

2Department of Engineering, UC Berkeley, Berkeley CA, USA 
3Physics Department, UC Santa Cruz, Santa Cruz CA, USA 

4Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley CA, USA 
5Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley CA, USA  

 

Inversion symmetry breaking has become a thriving research in modern magnetism with 
phenomena including Rashba effect, spin Hall effect and Dzyaloshinskii-Moriya interaction 
(DMI). The latter one may stabilize chiral spin textures with topologically non-trivial 
properties, such as Skyrmions. So far, chiral spin textures have mainly been studied in 
helimagnets and thin ferromagnets with heavy-element capping. 

Here, we show, on the example of chiral ferrimagnetism in amorphous GdCo, that the concept 
of chirality driven by interfacial DMI can be generalized to complex multicomponent systems. 
Utilizing Lorentz microscopy and X-ray magnetic circular dichroism spectroscopy, and 
tailoring thickness, capping and rare-earth composition, we find that a 2nm-thick GdCo film 
preserves ferrimagnetism and stabilizes chiral domain walls. The type of chiral domain walls 
depends on the rare-earth composition/saturation magnetization, enabling a possible 
temperature control of the intrinsic properties of ferrimagnetic domain walls.  

Supported by DOE BES MSED under contract #DE-AC02-05-CH11231.  

Fig. 1: In-plane magnetic induction (originating from domain walls) of symmetric and 
asymmetric layer stacks revealing achiral Bloch and chiral Neel walls. The data is retrieved 
from in-line holography/Lorentz microscopy. Scale bar is 200 nm. 
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CURRENT-INDUCED SKYRMION GENERATION THROUGH 

MORPHOLOGICAL PHASE TRANSITIONS IN CHIRAL FERROMAGNETIC 

HETEROSTRUCTURES 

Ivan Lemesh,1 Kai Litzius,2 Mathias Kläui,2 and Geoffrey S. D. Beach1 

1Department of Materials Science and Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139, USA 2Institute of Physics, Johannes Gutenberg-University 
Mainz, 55099 Mainz, Germany  

Magnetic skyrmions represent a class of topological chiral spin textures that can be found in 
bulk materials as well as in ultrathin magnetic films and multilayers with perpendicular 
magnetic anisotropy (PMA). The current-induced creation of skyrmions is essential for their 
use in future computing and storage applications, yet this is still an open question. The 
proposed mechanisms rely predominantly on extrinsic effects and the existing studies provide 
little insight into the energetics and stability of skyrmions with respect to other topological 
and morphological phases. Moreover, although the large current densities involved in heavy-
metal/ferromagnet multilayers often result in significant Joule heating that can directly affect 
the nucleation of magnetic skyrmions, most recent studies have either completely ignored the 
role of temperature in skyrmion formation or considered it trivially, as the source of the 
variation of magnetic parameters.  

In this work, we provide a mechanistic 
understanding of the current-induced generation 
of various morphological phases, of their relative 
stability, and of the thermally-driven 
transformations between them. We use high-
resolution scanning transmission x-ray microscopy 
(STXM) to image the resulting magnetic states in 
ultralow-pinning Pt/CoFeB/MgO multilayers as a 
function of temperature and magnetic field (see 
Fig. 1). We identify several distinct morphological 
phases, including labyrinth-like, stripe-like, and 
skyrmionic phases, and show that injected 
current pulses can be used to drive transitions 
amongst these states in a controllable way. We 
find that in our low-pinning materials, it is 
mainly the peak transient sample temperature that 
defines the morphology of the final state, with current-induced torques — in contrast to 
previous claims and common expectations — playing a minor role for our experiments. We 
demonstrate directly how the skyrmion generation occurs through an intrinsic phase 
transformation mediated by the development of morphological instabilities. This work yields 
key insights into phase stability in chiral ferromagnets and provides a practical means to 
generate magnetic skyrmions on demand without using extrinsic defects, which would act at 
the same time as unwanted pinning centers thereby complicating the device operation.  

Our findings have practical applications, including the creation and current-driven motion of 
zero-field skyrmions, and reliable skyrmion generation using single current pulses with a 
duration down to a few ns.  

[1] I. Lemesh, L. Kai, et. al Advanced Materials (2018) submitted 

Figure 1. (a) The schematics of the 
Pt/CoFeB/MgO multilayer system; (b) easy-axis 
hysteresis curve; (c) STXM imaging system; (d-g)
the current-induced generation of various 
magnetic phases and (h-k) their uniform motion. 
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THE THREE-DIMENSIONAL NATURE IN MAGNETIC VORTEX DYNAMICS 
 

 

Hee-Sung Han1, Sooseok Lee1, Dae-Han Jung1, Namkyu Kim1, Ki-Suk Lee1* 

 

1 School of Materials Science and Engineering, Ulsan National Institute of Science and 
Technology (UNIST), Republic of Korea  

 

The dynamic excitation in a magnetic vortex structure is an interesting topic in a magnetism 
for the development of novel data processing device with low power consumption. In a confined 
system, the magnetic vortex shows various excitation modes such as translational, azimuthal, 
and radial spin-wave modes [1-3]. However, most of the studies have been performed under 
the assumption that the magnetization is uniform along the thickness direction. However, it is 
recently reported that three-dimensional (3D) nature causes flexible oscillation of the vortex 
core (VC) [4], which makes a rich variety of spin-wave modes in a relatively thick nanodisk 
[5]. From micromagnetic simulations, we find various 3D dynamic behaviors including novel 
spin-wave modes such as “beating modes” - the size oscillations of VC with inhomogeneous 
phase along the thickness direction (see Fig. 1) as well as an asymmetric gyrotropic mode and 
a dramatic tearing of VC structure. Furthermore, we found the VC reversals can occur through 
the resonant excitation of the beating mode. Interestingly, its reversal mechanism is completely 
different with previously known vortex-antivortex pair mediated one [5]; the Bloch-point pair 
are created at the center of the VC structure and the reversal accomplished by their propagation 
through the film thickness. In the presentation, we will discuss detailed mechanism and physical 
understandings on this novel core switching process. 
 

 
Fig. 1. Excitations of beating mode driven by out-of-plane AC spin-polarized current. The red 

surface indicates the boundary for Mz/Ms >=0.7, which corresponds the vortex core region. 

 
 

[1] S.-K. Kim, K.-S. Lee, et al., Appl. Phys. Lett. 92, 022509 (2008). 

[2] M.-W. Yoo, and S.-K. Kim, Appl. Phys. Lett. 117, 023904 (2015). 

[3]  M.-W. Yoo, et al, Appl. Phys. Lett. 100, 172413 (2012). 

[4]  J. Ding et al., Sci. Rep. 4, 4796 (2014). 

[5] M. Noske et al., Phys. Rev. Lett. 117, 037208 (2016). 

[5]  K.-S. Lee et al., Phys. Rev.B 76, 174410 (2007). 
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TROCHOIDAL MOTION AND PAIR GENERATION IN SKYRMION AND 
ANTISKYRMION DYNAMICS DRIVEN BY SPIN-ORBIT TORQUES 

 

U. Ritzmann1,2, S. von Malottki3, J.-V. Kim4, S. Heinze3, J. Sinova1, and B. Dupé1 

 
1Institut für Physik, Johannes Gutenberg Universität Mainz, D-55099 Mainz, Germany 

2Department for Physics and Astronomy, Uppsala University, SE-75105 Uppsala, Sweden 
3Institute of Theoretical Physics and Astrophysics, Christian-Albrechts-Universität zu Kiel, 

D-24098 Kiel, Germany 
4Centre de Nanosciences et de Nanotechnologies, CNRS, Univ. Paris-Sud, Université Paris-

Saclay, 91405 Orsay, France  

 

The Dzyaloshinskii-Moriya interaction (DMI) in ultrathin films can promote nontrivial spin 
states such as skyrmions and antiskyrmions. These are characterized by opposite topological 
charges, which govern the sense of gyration in their dynamics. Until now, the robustness of the 
symmetry between opposite topological charges has not been examined in detail. In particular, 
the roles of core deformation, the internal degrees of freedom, and the underlying symmetry of 
the magnetic interactions remain an open question. 

We used atomistic spin simulations based on first-principles parameters, reduced variable 
modeling, and machine learning algorithms to study and classify skyrmion and antiskyrmion 
dynamics under spin-orbit torques (SOTs). While the expected rectilinear motion is found for 
skyrmions, we discover new dynamical regimes involving antiskyrmions: trochoidal motion 
and skyrmion-antiskyrmion pair generation. We show that the former is due to the emergent 
dynamics of the core helicity, which allows us to identify trochoidal motion as the analog of 
precessional motion for domain walls above Walker breakdown. For the latter, we show that a 
single antiskyrmion ‘seed’ can nucleate a dilute gas of skyrmions and antiskyrmions through 
pair creation, which can condense into skyrmion crystallites when attractive core-core 
interactions are present. 

When a different DMI symmetry is chosen, i.e., one that favors antiskyrmions over skyrmions, 
the opposite behavior is found — antiskyrmions follow rectilinear paths, while skyrmions 
undergo trochoidal motion and can generate skyrmion-antiskyrmion pairs. This illustrates the 
importance of the symmetry of the DMI, rather than the topological charge, in governing the 
dynamics. This is further highlighted when the DMI is absent altogether, where the symmetry 
between skyrmion and antiskyrmion motion is restored. Our results suggest new avenues for 
exploiting skyrmion and antiskyrmion dynamics in nanodevices through DMI engineering.   

This work was partially supported by the Horizon2020 Framework Programme of the European 
Commission under Grant No. 665095 (MAGicSky).  

Fig. 1: Possible antiskyrmion 
trajectories under SOTs. 

Fig. 2: Snapshots of the topological charge 
density during pair generation. 
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ANTISKYRMIONS IN FERROMAGNETS AND ANTIFERROMAGNETS 
 

Oleg A. Tretiakov1, M. N. Potkina2,3, I. S. Lobanov4, V. M. Uzdin4,2, H. Jonsson3 

 
1Institute for Materials Research, Tohoku University, Sendai, Japan 

2St. Petersburg State University, St. Petersburg, Russia 
3Science Institute and Faculty of Physical Sciences, University of Iceland, Reykjavik, Iceland 

4ITMO University, Saint Petersburg, Russia 

 

We study antiskyrmions in ferromagnetic films with anisotropic Dzyaloshinskii-Moriya 
interaction. Using a transformation in spin space from skyrmion to antiskyrmion and numerical 
simulations based on truncated minimum energy path method, we calculate the lifetimes of 
antiskyrmions. We demonstrate that in recent experiments [1] the antiskyrmion lifetimes are 
very long, thus accounting to their observed stability. Furthermore, the mapping between 
skyrmion and antiskyrmion allows us to describe the antiskyrmion dynamics analytically [2]. 
Lastly, in analogy to antiferromagnetic skyrmions [3,4], we describe the lifetimes and current 
driven dynamics of newly proposed antiferromagnetic antiskyrmions. 

[1] A. K. Nayak, V. Kumar, T. Ma, P. Werner, E. Pippel, R. Sahoo, F. Damay, U. K. Rößler, 
C. Felser, and S. S. P. Parkin, Nature 548, 561 (2017). 

[2] M. N. Potkina, I. S. Lobanov, V. M. Uzdin, H. Jonsson, and O. A. Tretiakov, (2018) 
submitted. 

[3] J. Barker and O. A. Tretiakov, Phys. Rev. Lett., 116, 147203 (2016). 

[4] P. F. Bessarab, D. Yudin, D. R. Gulevich, P. Wadley, M. Titov, and O. A. Tretiakov, 
arXiv:1709.04454; Phys. Rev. Lett. (2017) submitted.  
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PROXIMITY-INDUCED EFFECTS DURING SURFACTANT CONTROLLED 
GROWTH OF Fe ON GRAPHENE/SiC 

 
P. D. Bentley, S. P. Tear, A. Ferreira, and A. Pratt 

 
Department of Physics, University of York, York YO10 5DD, U.K. 

 
Although graphene has emerged as a candidate material for next-generation spintronic 
devices [1], its weak spin-orbit coupling (SOC) and the absence of a band gap place 
limitations on spin injection. Intercalation of heavy metallic species is known to induce large 
SOC effects in graphene due to overlap of d and p bands, as demonstrated for Pb-intercalated 
graphene on Ir(111) [2]. Such proximity effects show promise for accelerating progress in 
graphene-based spintronics however questions remain over the influence of the intercalated 
metal on the intrinsic properties of graphene, e.g. linear dispersion in k-space. It is therefore 
important to explore the interaction of metallic elements with the graphene layer whilst trying 
to preserve the unique properties of this 2D material. 

Graphene growth on SiC has attracted strong interest due to the tuneable properties and large 
bandgap of this substrate. It has also previously been demonstrated that Fe can intercalate 
below the “buffer layer” [3] of the 6H-SiC(0001) substrate forming FeSi with the Si back-
bonded state [4]. This ‘surfactant’ effect allows graphene to form on the surface of up to 10 
monolayers of intercalated Fe however the process by which this occurs is not well 
understood. Here, we use the extremely surface sensitive technique of spin-polarised 
metastable helium (2  de-excitation spectroscopy (SPMDS) to study both proximity and 
surfactant effects in Fe-intercalated graphene/SiC showing how the system progresses from 
the 6√3 6√3 30°	 reconstruction of the carbon-rich buffer layer to an Fe-supported 
graphene phase. X-ray and ultraviolet photoemission spectroscopy (XPS and UPS) 
complement the SPMDS results by revealing the extent of silicide formation and back-
bonding from the graphene to the intercalated Fe film, i.e. the degree to which the graphene is 
‘free-standing’. Comparisons to hydrogen intercalation experiments on the same system are 
also presented.  
 
[1] A. Geim, et al., Nature Mater. 6, 183 (2007) 
[2] F. Calleja et al., Nature Phys. 11, 43 (2015) 
[3] C. Riedl, C. Coletti, and U. Starke, J. Phys. D: Appl. Phys. 43, 374009 (2010) 
[4] Q. Fu, et al., Appl. Phys. Lett. 104, 181604 (2014) 
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GRAPHENE-BASED SYNTHETIC FERRIMAGNETS, ANTIFERROMAGNETS 
AND EXCHANGE-BIASED ULTRATHIN-FILM STRUCTURES 

 

M. Valvidares1, P. Gargiani1, L. Melo1,2, P. Perna2, J. Camarero2, R. Cuadrado3, M. Pruneda3,    
F. Sanchez4 

 
1 ALBA Synchrotron Light Facility, Cerdanyola del Vallès, Barcelona, Spain 

2IMDEA Nanociencia, Madrid, Spain 
3ICN2 CSIC, Campus UAB, Bellaterra, Barcelona, Spain 

4 ICMAB CSIC, Campus UAB, Bellaterra, Barcelona, Spain 
      

We will present recent investigations on a series of epitaxial Graphene-ferromagnet hybrid thin-
film structures. Via an epitaxial in-situ approach together with related intercalation 
procedures[1], we have fabricated high quality systems combining primarily ferromagnetic 
elements (Co, Fe,…) with single atom thick Graphene layers grown by in-situ CVD on single 
crystal surfaces such as Ir111. Our results evidence that based on materials choice, thickness, 
stacking sequence and treatments, it is possible to tailor magnetic anisotropy and interlayer 
exchange coupling. This has allowed us to engineer robust Graphene-based synthetic 
antiferromagnetic and ferrimagnetic structures which appear suitable for applications [2]. 
Related DFT calculations corroborate and provide deeper understanding to the experimental 
results and predominant anti-ferromagnetic coupling mechanism. Recent results exploring 
extension onto further magnetic materials and structures, evidence behaviours from almost 
compensated net magnetization [3] to complex exchange coupling and reversible exchange 
bias[4], which will be discussed. 

This work was supported by Mineco “Retos program” under grants FIS2013-45469-C4-3-R, 
FIS2016-78591- C3 (AEI/FEDER, UE), MAT2014-59315-R, and additionally GenCat 
2014SGR301, H2020 EINFRA-2015-1 676598 and Marie Skłodoswa-Curie no. 665919. 

 

[1] N. Rougemaille, A. T. N'Diaye, J. Coraux, C. Vo-Van, O. Fruchart, and A. K. Schmid, 
Perpendicular magnetic anisotropy of cobalt films intercalated under graphene. Appl. 
Phys. Lett. 101, 142403 (2012). 

[2]   P. Gargiani, R. Cuadrado, H. B. Vasili, M. Pruneda, M. Valvidares, Graphene-based 
synthetic antiferromagnets and ferrimagnets, Nat. Communications (2017) 

[3] M. Valvidares, P. Gargiani, R. Cuadrado, M. Pruneda, Y. Bleu, H. B. Vasili, F. Sanchez, 
Graphene-based synthetic antiferromagnets with close to zero net magnetization to be 
submitted 

[4] M. Valvidares, P. Gargiani, L. Melo-Costa, P. Perna, J. Camarero, Hybrid 
Graphene/Ferromagnet structures with reversible exchange bias to be submitted 
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SUPERCURRENT IN FERROMAGNETIC JOSEPHSON JUNCTIONS WITH 
HEAVY METAL INTERLAYERS 

 

N. Satchell1,2, and N. O. Birge1 

 
1 Department of Physics and Astronomy, Michigan State University, East Lansing, MI 48824, 

USA 
2School of Physics and Astronomy, University of Leeds, Leeds LS2 9JT, UK 

 

The ferromagnet-superconductor proximity effect in thin films is an area of intense research 
effort due to the new physics revealed at such interfaces [1]. An effective way to explore and 
exploit this new physics is the fabrication of ferromagnetic Josephson junctions. These typically 
take the form: S/N/F/N/S, where S denotes a superconductor, F a ferromagnet and N a normal 
metal. The role of the N spacer layer is usually to promote the growth of the F layer – which 
may not be well lattice matched with the S layer. The critical current density of these junctions 
oscillates in sign and diminishes over very small thicknesses of F due to the exchange field 
dephasing Cooper pairs. By including two additional F’, F” layers in a S/N/F’/N/F/N/F”/N/S 
junction, singlet Cooper pairs can be converted to spin aligned triplet Cooper pairs, which are 
not dephased by the exchange field and penetrate deep into the middle F layer [2]. These triplet 
Cooper pairs carry a dissipationless spin current and are the fundamental building block for the 
fledging field of superspintronics. It has been theoretically predicted that replacing the N/F’/N 
and N/F”/N layers with a single layer NSOC (where NSOC is a heavy metal with Rashba spin-
orbit coupling) can also generate triplet Cooper pairs [3]. In this work we describe our 
experimental progress to realize such a junction. 

 

This work was supported by the Marie Skłodowska-Curie Action “SUPERSPIN” (grant 
number: 743791).  

 
[1] J. Linder and J. W. A. Robinson, Nat. Phys. 11, 307 (2015), M. Eschrig, Rep. Prog. Phys 
78, 104501 (2015). 
[2] F. S. Bergeret, A. F. Volkov, and K. B. Efetov, Phys. Rev. Lett. 86, 4096 (2001). 
[3] F. S. Bergeret and I. V. Tokatly, Phys. Rev. B 89, 134517 (2014). 
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FERROMAGNETIC/NON-MAGNETIC INTERFACES & MAGNETISATION 
SWITCHING -  PROXIMITY MAGNETISATION, DMI & DAMPING EFFECTS 

 

R. M. Rowan-Robinson1,5, J. Brandão1,6 A.A. Stashkevich2, Y. Roussigné2, M. Belmeguenai2, 
S-M. Cherif2, A. Thiaville3, S. Azzawi1,T. P. A. Hase4, A. T. Hindmarch1 and D. Atkinson1 

 
1Department of Physics, University of Durham, Durham DH1 3LE, United Kingdom 

2Universite Paris 13, Sorbonne Paris Cite, 93430 Villetaneuse, France  
3Laboratoire de Physique des Solides, Université Paris-Sud, CNRS Orsay Cedex, France  
4Department of Physics, University of Warwick, Coventry CV4 7AL, United Kingdom 
5Now at Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden 

6Now at Brazilian Synchrotron Light Laboratory, Campinas - São Paulo - Brazil 

   

There are many exciting areas of research linked to interfacial effects in ferromagnetic 
(FM)/non-magnetic (NM) thin-film systems, such as interface spin-orbit interactions (SOI), 
spin-orbit torques (SOT), interfacial Dzyaloshinskii-Moriya interaction (DMI), proximity-
induced-magnetization (PIM) of non-magnetic metals and precessional damping.  

Here the interfacial effects on damping in heavy metal/FM bilayers are introduced [1] and 
experimental results are reported on the effects of the NM layer thickness [2], which show a 
rapid increase in the damping with a few monolayers of the heavy metal. Experimental analysis 
of both PIM in Pt layers and the total DMI in the same Pt/Co/SL/Pt multilayers is reported [3], 
in which the thickness of SL, a spacer layer of Au or Ir, was varied. The DMI and PIM 
measurements were also correlated using x-ray structural analysis of multilayers. Both DMI 
and PIM changed very rapidly with SL thickness, but significantly, not in the same way. There 
is a major difference in the nominally symmetric Pt/Co/Pt trilayer without a SL, where the PIM 
showed a pronounced asymmetry, with the moment in the bottom Pt layer at least two times 
larger than in the top Pt. In contrast, the interfacial DMI in the same Pt/Co/Pt sample showed a 
symmetric pattern, which, within measurement resolution, indicates identical DMI strength at 
both the Pt/Co and Co/Pt interfaces that cancel to give zero net DMI effect in the symmetrical 
structure. For both Au and Ir SLs the PIM decayed rapidly in a regular monotonic fashion, 
vanishing for SL thickness greater than 1.2 nm. For Ir the decay is slightly more rapid, with all 
PIM lost by a SL thickness of 0.7 nm. The increase of the DMI with SL thickness occurs on a 
length-scale consistent with the interfacial width, as determined by x-ray analysis. 

 Ultimately, these phenomena can modify and control the magnetisation reversal processes and 
an example is presented of the effects of varying damping and the DMI on magnetisation 
switching, in this case for magnetisation reversal of in-plane magnetized nanowires with 
domain wall mediated reversal behaviour [4]. The results suggest a dependence of the domain 
wall behaviour upon a combination of both the damping and the DMI. 

[1] S Azzawi, A.T. Hindmarch & D. Atkinson Magnetic damping phenomena in ferromagnetic 
thin-films and multilayers Journal of Physics D: Applied. Physics 50, 473001 (2017) 

[2] S. Azzawi, A. Ganguly, M. Tokac, R.Rowan-Robinson, J. Sinha, A.T. Hindmarch, A. 
Barman and D. Atkinson  Physical Rev B  93, 054402 (2016) 

[3] R.M. Rowan-Robinson, A.A. Stashkevich, Y. Roussigné, M. Belmeguenai, S-M. Cherif, A. 
Thiaville, T.P.A. Hase, A.T. Hindmarch & D. Atkinson Scientific Reports 7, 16835 (2017) 

[4] J. Brandão, S. Azzawi, A.T. Hindmarch & D. Atkinson Scientific Reports 7, 4569 (2017)  
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DISCOVERY OF INTRINSIC FERROMAGNETISM IN 2D VAN DER WAALS 
CRYSTALS 

 

C. Gong, and X. Zhang 

 

Department of Mechanical Engineering, UC Berkeley, Berkeley CA 94720, USA 
 

 

In this talk, I will present our discovery of the intrinsic ferromagnetism in 2D van der Waals 
(vdW) crystals, including the prominent dimensionality effect and unprecedented magnetic 
field control of the Curie temperature in the nearly-ideal 2D Heisenberg ferromagnet. 
Significant fundamental physics in 2D magnetism and the corresponding exotic phenomena we 
observed will be expounded. Updated research on the complex magnon scatterings, material 
level engineering of 2D magnetism, and the development of novel concept of spintronic devices 
will be further discussed. Finally, I will envision the possible directions towards advancing 2D 
magnets for practical spintronic applications. 

 

[1] C. Gong, L. Li, Z. Li, H. Ji, A. Stern, Y. Xia, T. Cao, W. Bao, C. Wang, Y. Wang, Z. Q. 
Qiu, R. J. Cava, S. G. Louie, J. Xia, and X. Zhang, Nature 546, 265-269 (2017). 

[2]    Y. Sun, C. Gong, S.-J. Gong, W. Tong, C. Duan, J. Chu, and X. Zhang, PNAS (2018) 
submitted.  

 

                  

Fig. 1: Observation of Ferromagnetism 
in 2D vdW crystals. 

Fig. 2: Spin-FET based on 2D magnetic 
vdW crystals. 
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LARGE MOMENTS IN BCC FexCoyMnz TERNARY ALLOY THIN FILMS 
 

R. J. Snow1, H. Bhatkar1, A. T. N’Diaye2, E. Arenholz2, and Y. U. Idzerda1 

 
1Department of Physics; Montana State University; Bozeman, MT 59715, USA 

2Advanced Light Source; Lawrence Berkeley Nat. Labs; Berkeley, CA 94720, USA 

 

Large magnetic moment materials are essential components in a variety of technologies but are 
increasingly important, and in many cases the major limiting factor, in information processing 
and data storage.  The magnetic moments for transition metal binary alloys are conventionally 
displayed in the form of a plot of the saturation magnetization density (MS) or moment per atom 
as a function of the number of electrons, known as the Slater-Pauling (SP) curve.  The maximum 
achievable moment is 2.45 B /atom at an electron number of 26.3 for a bcc Fe70Co30 alloy 
(often referred to as the Slater-Pauling limit).  A potential avenue to larger moments is the 
addition of Mn to the binary bcc FeCo system, particularly in thin film form where the bcc 
structure may be stabilized for a larger composition region than in the bulk. 

The elemental magnetic moments and the average atomic moment of 10-20 nm thick single 
crystal bcc (bct) FexCoyMnz films deposited on MgO(001) have been determined as a function 
of a broad range of compositions [1].  Thin film epitaxy stabilized the bcc structure for 80% of 
the available ternary compositional space compared to only a 23% stability region for the bulk.  
The films that display ferromagnetism represent 60% of the available compositional 
possibilities compared to 25% for the bulk.  A maximum average atomic moment of 3.25 
B/atom was observed for a bcc Fe9Co62Mn29 film as determined by the summation of the 
individual moments as measured by X-ray magnetic circular dichroism (well above the limit of 
the Slater-Pauling binary alloy curve of 2.45 B/atom). The FexCoyMnz ternary alloys that 
exhibit high moments can only be synthesized as ultrathin films since the bcc structure is not 
stable in the bulk for those compositions.  

Acknowledgements:  The Advanced Light Source is supported by the Director, Office of 
Science, Office of Basic Energy Sciences, of the U.S. Department of Energy under Contract 
No. DE-AC02-05CH11231. 

[1] Snow, R.J., H. Bhatkar, A.T. N’Diaye, E. Arenholz, and Y.U. Idzerda, Appl. Phys. Lett. 
112, 072403 (2018). 

 

                  

Fig. 1:  The average total atomic moment 
(independent of atom type) for 10 nm 
FexCoyMnz films on MgO(001) as a function 
of composition. The green crosses represent 
the measured data points. 
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MEASURING, OPTIMISING AND APPLYING MAGNETOSTRICTIVE Fe-Al THIN 
FILMS 

 

W. Hüttenes1, M. Cialone2,3, M. Coïsson2, T. Franks-Moore1, P. Tiberto2, P. Rizzi3, 
A.L. Greer1, Z.H. Barber1 

 
1Department of Materials Science and Metallurgy, University of Cambridge, Cambridge, 

United Kingdom 
2INRIM, Nanoscience and Material Division, Torino, Italy 

3Chemistry Department and NIS, University of Torino, Torino, Italy 

 

Global demand for efficiency and the ongoing trend of high-technology towards 
miniaturization fosters great interest in functional thin film materials. Magnetostrictive (MS) 
thin films, for instance, find application as actuators or, as a component in 
microelectromechanical systems (MEMS), in sensors and energy harvesters. The direct 
measurement of the MS effect, however, turns out to be a challenging task at reduced thin 
film dimension, as sub-nanometric precision is required; common approaches employing 
optical and capacitive cantilever designs demand dedicated, specialised setups [1]. 
Furthermore, known high-performing MS materials such as Terfenol-D (TbxDy1-xFe2 x≈0.3) 
and Galfenol (Fe-Ga) contain listed critical raw materials such as rare-earth metals and 
gallium [2], impeding their long-term prospects. 

This project explores sustainable approaches to MS materials and measurements. The Fe-Al 
system would be a promising candidate as its MS coefficient is of the same order of 
magnitude as Galfenol [3] and its constituents are abundantly available. While well-known in 
bulk, its potential in thin film application is yet to be investigated in more detail. A simple 
setup for the direct measurement of thin film magnetostriction employing an atomic force 
microscope (AFM) has been developed (see Fig. 1). It has been validated with magnetron 
sputtered MS Fe-Al thin films on AFM tips serving as micro-cantilevers. Relying on the 
accessible calibration and sub-nanometre precision of commercial and common lab 
equipment effectively simplifies the setup and may oftentimes render the acquisition of 
dedicated systems unnecessary. Furthermore, ternary alloys of Fe-Al with small additions of 
niobium or boron have been made. Respective changes to the magnetic coercivity, 
susceptibility and, thus, thin film magnetostriction have been analysed for an optimisation of 
the properties (see Fig. 2). Finally, an outlook will be given on the application of binary and 
ternary Fe-Al alloys in MEMS devices. 

This work was supported by the H2020 SELECTA ITN project under contract no. 642642. 

[1] P.T. Squire, Meas.Sci.Technol., vol. 5, pp. 67-81, (2010). 
[2] European Commission, list of critical raw materials, COM 490 final, (2017). 
[3] J.R. Cullen et al., J.Magn.Magn.Mater., vol. 226-230, pp. 948-949, (2001). 
 

                  

Fig. 1: Design of the measurement setup for thin 
film magnetostriction employing an atomic force 
microscope. 

Fig. 2: Magnetostrictive deflection curve 
(red, left) and respective magnetic 
hysteresis (blue, right) of a ternary 
FeAlNb thin film. 
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PHASE COEXISTENCE AND KINETIC ARREST IN THE 
MAGNETOSTRUCTURAL TRANSITION OF THE ORDERED ALLOY FeRh 

D.J. Keavney1, Y. Choi1, M.V. Holt2, V. Uhlíř3, D. Arena4, E.E. Fullerton3, P.J. Ryan1 and J.-
W. Kim1 

 
1 X-ray Science Division, Argonne National Laboratory, Argonne, IL, USA 
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3 Center for Memory and Recording Research, University of California San Diego, La Jolla, 

CA, USA 
4 Department of Physics, University of South Florida, Tampa, FL, USA 

 

In materials where two or more ordering degrees of freedom are closely matched in their free 
energies, coupling between them, or multiferroic behavior can occur. These phenomena can 
produce a very rich phase behavior, as well as emergent phases that offer useful properties and 
opportunities to reveal novel phenomena in phase transitions. The ordered alloy FeRh 
undergoes an antiferromagnetic (AFM) to ferromagnetic (FM) phase transition at ~375 K, 
which illustrates the interplay between structural and magnetic order mediated by a delicate 
energy balance between two configurations. The nearness of this transition to room temperature 
and the existence of the low-temperature AFM phase makes this material especially attractive 
as a pinning layer in heat assisted recording media. We have examined this transition using a 
combination of high-resolution x-ray structural and magnetic imaging and comprehensive x-
ray magnetic circular dichroism spectroscopy. We find that the transition proceeds via a defect-
driven domain nucleation and growth mechanism, with significant return point memory in both 
the structural and magnetic domain configurations. The temperature dependence of the domain 
growth shows evidence of kinetic arrest after nucleation, resulting in inhibited growth and a 
quasi-2nd order temperature behavior.1 These results have implications for the use of this 
transition in applications, and for the physics of coupled magnetostructural transitions in 
general. 

Work at Argonne is supported by the US Department of Energy (DOE), Office of Science, 
Office of Basic Energy Sciences, under Contract No. DE-AC-02-06CH11357.  Work at UCSD 
was supported by DOE-BES Grant Number: DE-SC0003678.  

[1] D.J. Keavney, Y. Choi, M.V. Holt, V. Uhlíř, D. Arena, E.E. Fullerton, P.J. Ryan and J.-
W. Kim, Scientific Reports 8, 1778 (2018). 
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Figure 1. Nano x-ray diffraction data showing 
the lattice expansion in FeRh through the 
heating transition at ~375 K. Blue (red) areas 
show low (high) lattice parameter.  

Figure 2. Temperature dependence of the island 
size and inverse island size (inset). The 1/T 
dependence is evidence for kinetic arrest and a 
quasi-2nd order behavior of the transition. 
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INTERPLAY BETWEEN STRUCTURE, CHARGE, AND SPIN IN EPITAXIAL 
LANTHANUM COBALTITE 

 

G. E. Sterbinsky1, R. Nanguneri2, J. X. Ma3, J. Shi3, E. Karapetrova1, J. C. Woicik4, H. 
Park2,5, J.-W. Kim1, and P. J. Ryan1,6 

 
1Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439, USA 
2Department of Physics, University of Illinois at Chicago, Chicago, IL 60607, USA 

3Department of Physics and Astronomy, University of California, Riverside, CA 92521, USA 
4National Institute of Standards and Technology, Gaithersburg, MD 20899, USA 

5Materials Science Division, Argonne National Laboratory, Argonne, IL 60439, USA 
6School of Physical Sciences, Dublin City University, Dublin 9, Ireland 

 

Through a comprehensive investigation of the structure of epitaxial lanthanum cobaltite 
(LaCoO3), the underlying nature of the strain induced ferromagnetic phase is made evident. X-
ray diffraction (XRD) reveals a reduction in symmetry in LaCoO3 deposited on SrTiO3, while 
x-ray absorption fine structure (XAFS) spectroscopy reveals distortion of the oxygen octahedra 
with respect to bulk LaCoO3. These distortions stabilize cobalt charge-order, as evidenced by 
resonant x-ray scattering. Density functional theory calculations predict the presence of spin-
state order and show the observed charge order is closely related to spin-state. In combination, 
the experimental and computational results show that strain freezes-in spin state fluctuations 
found in bulk LaCoO3 leading to this unique transition from paramagnet to ferromagnet. 

Use of the Advanced Photon Source, an Office of Science User Facility operated for the U.S. 
DOE Office of Science by Argonne National Laboratory (ANL), was supported by the U.S. 
DOE under Contract No. DE-AC02-06CH11357. We gratefully acknowledge the computing 
resources provided on Blues, a high-performance computing cluster operated by the Laboratory 
Computing Resource Center at ANL. 

 

 
Fig. 1: Reciprocal space maps of the film (a) (0 0 2), (b) 
(0 0 3), and (c) (1/2, -3/2, 5/2) film reflections and (c) 
L-scans through two (0 k 3) reflections which show the 
structural distortions present in LaCoO3 on SrTiO3 

FRI - 9

FR
ID

A
Y

- 168 -



SPIN-TRANSFER TORQUES IN THE VICINITY OF THE ANGULAR MOMENTUM 
COMPENSATION TEMPERATURE OF FERRIMAGNETIC GdFeCo 

 

T. Okuno1, D.-H. Kim1, S.-H. Oh2, S. K. Kim3, Y. Hirata1, T. Nishimura1, Y. Futakawa4, H. 
Yoshikawa4, A. Tsukamoto4, Y. Tserkovnyak3, Y. Shiota1, T. Moriyama1, K.-J. Kim5, K.-J. 

Lee2, and T. Ono1,6 

 

1Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan. 
2Department of Materials Science & Engineering, Korea University, Seoul 02841, Republic of 

Korea. 
3Department of Physics and Astronomy, University of California, LA, California 90095, USA. 

4College of Science and Technology, Nihon University, Funabashi, Chiba 274-8501, Japan. 
5Department of Physics, KAIST, Daejeon 34141, Republic of Korea. 

6 CSRN, Graduate School of Engineering Science, Osaka University, Osaka 560-8531, Japan. 
 

Antiferromagnets have come into the spotlight [1, 2] as a promising material for spintronic 
devices because they exhibit the fast magnetic dynamics and the low susceptibility to magnetic 
field. Recently, it has been demonstrated that fast field-driven antiferromagnetic spin dynamics 
can be realized in ferrimagnets at the angular momentum compensation temperature  [3]. 
The peak of field-driven domain-wall (DW) speed at  naturally invokes curiosity about the 
effect of current on the DW motion across . For this study, we prepared an amorphous 
ferrimagnetic GdFeCo film, where the detailed structure is 5 nm SiN/30 nm 
Gd23.5Fe66.9Co9.6/100 nm SiN on the intrinsic Si substrate. Since this film lacks nonmagnetic 
heavy metal as a spin current source, the effect of current can be considered as spin transfer 
torques (STT), which arise from the exchange interaction between conduction electrons and 
localized electrons. The field-driven DW speed was measured under positive and negative bias 
current at various temperatures . The DW speed difference ∆  induced by a current density 
 is defined as ∆ 2⁄ . Figure 1 shows ∆ ⁄  as a function of  under 

several . It shows that the effect of current gradually changes its sign across  and the 
asymmetry of ∆ ⁄  with respect to  occurs. To explain such an intriguing observation, we 
developed a generalized model based on the collective coordinate approach including STT 
terms [3]. From the theory, the nonadiabatic and adiabatic STT as a function of  respectively 
constitutes the symmetric and the antisymmetric contribution with respect to . The good 
agreement between theory and experiment supports that STT-driven DW dynamics is clarified 
in ferrimagnets at . Details will be discussed in the presentation. 

[1] A.H. MacDonald et al., Phil. Trans. R. Soc. A 369, 3098 (2011). 
[2] T. Jungwirth et al., Nat. Nanotechnol. 11, 231 (2016). 
[3] K.-J. Kim et al., Nat. Mater. 16, 1187 (2017). 

Figure 1. The STT-induced DW speed difference 
divided by current density ∆ ⁄  as a function of 
temperature  for several current densities . 
The dashed orange line indicates the angular 
momentum compensation temperature . 
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TOWARDS THz SPIN-TORQUE OSCILLATORS 
 

A.M. Deac 

 

 Institute for Ion Beam Physics and Materials Research, Helmholtz-Zentrum Dresden-
Rossendorf, Dresden, Germany 

 

Since the discovery of giant magnetoresistance, metal spin electronics has seen unprecedented 
advances, from the realisation of ultra-high magnetoresistance ratios to substantial output 
power from spin transfer torque oscillators based on Fe/MgO/Fe-type tunnel junctions which 
function in the GHz range [1]. The recently discovered class of almost compensated 
ferrimagnetic manganese gallium pseudo-Heusler alloys, due to their widely tunable magnetic 
properties [2], could enable the design of spin torque oscillators which work in the range of 
hundreds of GHz, i.e., covering the THz gap.  

To investigate the resonance modes in such compounds, we first conducted high-field 
magnetotransport measurements [3] on selected films with different composition and, therefore, 
different compensation temperatures (Tc) and effective anisotropies. In manganese ruthenium 
gallium (MRG), for instance, both the transverse Hall resistivity and longitudinal resistivity 
were recorded in magnetic fields up to 58 T, at variable temperature. MRG exhibits a large 
spontaneous Hall angle of ~2%, coercivity exceeding 1 T at room temperature (and several 
Teslas close to Tc) and has very low net magnetisation of 25 kA/m. Despite having no net 
magnetic moment at Tc, the magnitude of the Hall signal does not become zero, indicating both 
a half-metallic nature of the material and that the magnetotransport is dominated by one 
sublattice only. An additional feature is observed in the transport data, which resembles a spin-
flop transition. By comparison to analytical and mean-field calculations of the sublattice 
magnetisation directions, we can estimate both the sublattice anisotropy (Hk) and interlayer 
exchange coupling (Hex). Based on these values, the out-of-phase and in-phase magnetic 
resonance modes are estimated to lie in the range of 0.3 THz and 2 THz, respectively. 
Furthermore, magnetoresistance ratios as high as 40% at 4.2 K and 12% at room temperature 
can be obtained when integrating MRG in magnetic tunnel junctions [4].  

The out-of-phase resonance mode was also directly measured for ferrimagnetic Mn3-xGa thin 
films as function of anisotropy and applied magnetic fields (up to 10 T). At low applied fields, 
we find that the resonance frequency ranges between 200 and 350 GHz for films with different 
compositions (i.e. anisotropy), providing proof of concept for efficient on-chip emitters of 
coherent, narrow-band light pulses in the THz gap [5]. 

 

This work was supported by the Helmholtz Young Investigator Initiative Grant VH-N6-1048 
and the EU FET-Open Project TRANSPIRE DLV-737038. 

 

[1] Baibich M.N. et al., Physical Review B, 61, 2472 (1988), Ikeda S. et al., Applied Physics 
Letters, 93 082508 (2008), Tsunegi S. et al., Applied Physics Letters, 109, 252402 (2016) 

[2] Kurt H. et al., Physical Review Letters, 112, 027201 (2014) 

[3] Fowley C. et al., Journal of Physics D : Applied Physics, 48, 164006 (2015) 

[4] Borisov K. et al., Applied Physics Letters, 108, 192407 (2016) 

[5] Awari N. et al., Applied Physics Letters, 109, 032403 (2016) 
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PREFERENTIAL ‘COLD EXCITATION’ OF A SINGLE NANOMAGNET USING 
MAGNETO-ELASTIC COUPLING 

 

W. G. Yang, M. Jaris, C. R. Berk, and H. Schmidt 

 

School of Engineering, UC Santa Cruz, Santa Cruz, CA, 95064 USA 

 

We demonstrate a novel all-optical non-thermal (‘cold’) technique to preferentially drive 
precessional spin dynamics of a particular element within a pair of nanoelements via magneto-
elastic (MEL) coupling. Surface acoustic waves (SAWs) are generated by ultrafast optical 
excitation (λpump = 400 nm) of an acoustic, non-magnetic metamaterial (Al bars) with 
lithographically defined eigenmodes (fSAW). Two sets of identical elliptical Ni nanomagnets (300 
x 150 nm2, 30 nm thick) with orthogonal orientations were embedded between Al bars with the 
pitch (p = 300 nm) (Fig. 1(a)), which generate the SAW frequencies (fSAW = 9.75 GHz). A 
standing strain wave is formed at the nanomagnets that in turn generates a time harmonic MEL 
field at the SAW frequency. The elastically induced field resonantly drives the magnetic 
precession when the ferromagnetic resonance (FMR) frequency is near fSAW. The ensuing 
dynamics are probed by a mechanically delayed pulse (λprobe = 800 nm) via the time-resolved 
magneto-optic Kerr effect (TR-MOKE) (Fig. 1(b)). A magnetic field is applied along the major 
and minor axes of the nanomagnets, thus the identical ellipses possess distinct FMR modes due 
to shape anisotropy [1]. Here, we successfully utilize SAWs to non-thermally (‘cold’) excite 
oscillations more favorably in select nanostructures by controlling the MEL resonance via Happ. 
The Fourier spectra exhibit well-defined peaks at different Happ fields for isolated elliptical 
nanomagnets with different orientations (Fig. 2). We then measured the field swept spin 
dynamics of the orthogonal nanomagnets, simultaneously, and find that the two MEL resonances 
can be distinguished. 

[1] Y. Yahagi, C. R. Berk, B. D. Harteneck, S. D. Cabrini, and H. Schmidt, Appl. Phys. Lett. 
104, 162406 (2014) 

                     

 Fig. 1: SEM images of Ni-Al nanostructures; (b) Schematic 
plot of all-optical “cold” magnetization excitation. 

Fig. 2: Field dependent 
Fourier spectra measured 
with a fixed field angle 
θH = 30o of the MEL 
driven single Ni ellipses. 
The dashed white line is 
a guide to the eye. 
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ON THE TEMPERATURE DEPENDENCE OF TERAHERTZ SPIN EXCITATIONS 
IN ULTRATHIN FERROMAGNETS 

 

Khalil Zakeri 

khalil.zakeri@partner.kit.edu  

Heisenberg Spin-dynamics Group, Physikalisches Institut, Karlsruhe Institute of Technology, 
Karlsruhe, Germany  

One of the most fundamental concepts in magnetism is the universal behavior of the magnetic 
phase transition. Generally, the phase transition is associated with a symmetry breaking, 
occurring at the critical temperature.  The degree of broken symmetry is represented by an 
order parameter, which is a continuous function of temperature and is expected to exhibit a 
power law behavior. The dependence of the order parameter, i.e., magnetization on the 
temperature, is described by thermal excitations of elementary collective spin excitations 
(magnons). This description provides an excellent account for the universal behavior of the 
phase transition. However, the behavior of magnons, themselves, as a function of temperature 
is poorly understood. 

Utilizing spin-polarized high resolution electron energy loss spectroscopy we investigate the 
temperature dependence of high-energy (terahertz) magnons, excited in an ultrathin 
ferromagnet. Both the energy and lifetime of terahertz magnons are measured as a function of 
temperature and across the magnetic transition temperature C. 

Similar to the magnons’ energy, their lifetime decreases with temperature. The observed 
temperature-induced damping of terahertz magnons is discussed in terms of the multi-magnon 
scattering mechanism. Our results indicate that the damping resulted from this mechanism can 
be comparable to the intrinsic Landau damping of the system [1]. We demonstrate that 
although at C terahertz magnons are affected by different damping mechanisms, they still 
behave as well-defined collective excitations (see Fig. 1 for more information). We argue that 
the effects associated with the collective properties of terahertz magnons should sustain at C 
and even beyond that [2]. For instance the spin-Seebeck effect can eventually exist also in the 
paramagnetic state, where the long range magnetic order is absent. This means that spin 
caloritronics is not restricted to the ferromagnetic phase of the material. 

 

 

 

 

 

 

 

 

 

 

 

 

This work has been supported by the Deutsche Forschungsgemeinschaft (DFG) through the 
Heisenberg Programme ZA 902/3-1 and the DFG Grant No. ZA 902/4-1. 

[1] H.J. Qin, Kh. Zakeri, A. Ernst, L.M. Sandratskii, P. Buczek, A. Marmodoro, T.H. Chuang, 
Y. Zhang, J. Kirschner, Nat. Commun. 6 6126 (2015) doi:10.1038/ncomms7126. 

[2] H.J. Qin, Kh. Zakeri, A. Ernst, J. Kirschner, Phys. Rev. Lett. 118 127203 (2017). 

Fig. 1: The temperature dependence of the decay rate (E/E) of terahertz magnons in an 
ultrathin FePd film on Pd(001) [2]. 
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SPIN-ORBIT TORQUE INDUCED MAGNETIZATION SWITCHING  

FOR HIGH-SPEED NONVOLATILE MEMORIES 
 

S. Fukami1,2,3,4, C. Zhang1,2,5, Y. Takeuchi1, Y. Takahashi1, B. Jinnai2, and H. Ohno1,2,3,4,6 

 
1Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical 

Communication, Tohoku University, Sendai, Japan 
2Center for Spintronics Integrated Systems, Tohoku University, Sendai, Japan 

3Center for Innovative Integrated Electronic Systems, Tohoku University, Sendai, Japan  
4Center for Spintronics Research Network, Tohoku University, Sendai, Japan 

5Frontier Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai, Japan  
6WPI Advanced Institute for Materials Research, Tohoku University, Sendai, Japan 

 

While magnetoresistive random access memories (MRAMs) utilizing spin-transfer torque 
(STT) are about to hit the market, spin-orbit torque (SOT)-induced magnetization switching 
has been attracting increasing attention as an alternative ingredient for the operation principle 
of MRAM devices [1-4]. In order to make the SOT-MRAM a viable technology, achieving fast 
magnetization switching with a low current is of great importance. Here we review our studies 
on the speed and critical current of the SOT switching as a function of device structures and 
employed materials. 

To study the switching speed, we prepare two kinds of SOT-induced switching devices with 
different easy axis directions in the film plane; one has the orthogonal [2] and the other has the 
collinear [4] directions to the current. The switching current is measured as a function of pulse 
duration. The switching dynamics of the orthogonal configuration is expected to be the same 
as the one for STT switching. We find that the SOT switching with the collinear configuration 
shows a marginal dependence of the critical current on pulse duration, in contrast to the 
orthogonal counterpart. Consequently, the collinear scheme achieves magnetization switching 
by 500-ps pulses, showing promise for high-speed MRAM applications [5]. 

Reduction of switching current is expected to be achieved by using heterostructures that show 
a high SOT generation efficiency, or an effective spin Hall angle. W is a promising material for 
the heterostructure as it was reported to exhibit significantly large efficiency [6]. We prepare 
stacks with high-resistivity W and evaluate the SOT generation efficiency through an extended 
harmonic Hall measurement and magnetization switching experiment. The results indicate that 
the efficiency increases with increasing W resistivity W [7] and exceeds unity at W = 560  
cm [8]. Dependence of the efficiency on thickness and resistivity of W will be presented and 
the underlying physics will be discussed. 

This work is partly supported by ImPACT Program of CSTI, JST-OPERA, and JSPS 
KAKENHI Grant Number 17H06093. 

[1] I. M. Miron et al., Nature 476, 189 (2011). 
[2] L. Liu et al., Science 336, 555 (2012). 
[3] S. Fukami et al., Nature Materials 15, 535 (2016). 
[4] S. Fukami et al., Nature Nanotechnology 11, 621 (2016). 
[5] S. Fukami et al., 2016 VLSI Symp., Dig. Tech. Pap., T06-05 (2016). 
[6] C.-F. Pai et al., Appl. Phys. Lett. 101, 122404 (2012). 
[7] C. Zhang et al., Appl. Phys. Lett. 109, 192405 (2016). 
[8] Y. Takeuchi et al., submitted (2018). 
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