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Nano y Microhilos Magnéticos

- Whiskers de hierro (tesina y tesis), (1974-80)

- Cintas Amorfas (postdocs), anisotropías magnetoelásticas (1981-91)

- Microhilos amorfos, GMI, Biestabilidad Magnética (1992-2000)

- Micro & Nanohilos, formación de un Laboratorio/Grupo (2001- 2008)

- Nanohilos cilíndricos: estudios más recientes (2009-2017)



- Laboratorio de Magnetismo UCM (5º Curso Físicas) 1974
Montaje de la práctica de Resonancia Magnética Nuclear

- Koninklijke/Shell laboratories, Amsterdam, Verano 1974
(Beca IAESTE)

C13 Spin-Lattice relaxation times and Nuclear Overhauser
effect of olefins adsorbed on Na exchanged zeolites

Tesina (Nov. 1974)



Tesis: Laboratorio de Magnetismo UCM, 1975-80
Efecto Wiedemann inverso in whiskers de hierro

Louis Néel visita el grupo de 
Salvador Velayos, 1978

Antonio Hernando, Director de Tesis



- Postdoc en Max-Planck-Institute für Metallforschung,
Stuttgart, 1981-83 (Beca A.v. Humboldt)

Cintas amorfas: Anisotropía Magnetoelástica, Distribución de tensiones,
Estructura de dominios, Aproximación a la saturación, Exponentes críticos

Helmut Kronmüller supervisor



Ley de aproximación a la saturación
Exponente crítico de la magnetostricción



- Postdoc en Danmarks Tekniske Universitat, Lyngby,
Invierno 1984-5 (NATO grant)
Magnetostricción e Imanación a saturación

cena con Otto Nielsen y             
Etienne Trémolet du Lacheisserie



Vuelta al Laboratorio de la Complutense, 1985-89
Cintas Amorfas: Anisotropías Inducidas; Magnetostricción; Torsión
Primeras Tesis: Cristina Núñez de Villavicencio; Julian González

Efecto de la 
Torsión Aplicada



Incorporación al CSIC, Serrano 1989-1992
Primeros estudios en microhilos Amorfos y Nanocristalinos
Tesis de Cristina Gomez Polo; Pilar Marín
- Biestabilidad Magnética: Longitud Crítica; Dominios
- Aleaciones Nanocristalinas, Microstructura & Annealings



Instituto de Magnetismo Aplicado (1992-2000)
Acuerdo UCM-RENFE-CSIC

Excelente experiencia de grupo:

- organización de investigación,
- elaboración de proyectos, 
- formación de estudiantes, 8 doctores
- visitantes extranjeros, 12
- colaboración con empresas / patentes

Materiales Blandos; 
Cintas y Microhilos Amorfos
Nanocristales
Películas delgadas
Sensores Varios
Apantallamiento electromagnético



Instituto de Magnetismo Aplicado (1992-2000)
investigadores visitantes

Chen Duxing, 
Baltimore 1996

Horia Chiriac
Monasterios de 
Bucovina, 1992

Raul Valenzuela 
Teotihuacan, 1998

LAW3M,           
Sao Paulo, 1996

MMM Alburquerque, 
1998
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Instituto de Magnetismo Aplicado (1992-2000)
Arcady Zhukov (Biestabilidad Magnética, alta magnetostricción, sensores)
Galina Kurlyandskaya (Giant Magnetoimpedance, magnetostricción cero)

Con A. Zhukov, G. Kurlyandskaya
Ekaterinburg, 1998



Visitas/Conferencias Internacionales

Promotores del EMSA, 1994

Benalmádena, 1986

Visitas Anglo-Españolas, 1992

Balaton, Hungria, 1987



Instituto de Ciencia de Materiales (2001-2008)
Formación de un Nuevo Laboratorio/Grupo

Líneas de Investigación:
Microhilos:

Arcady Zhukov, Rastislav Varga; Giovanni Badini-Confalonieri
Nanohilos:

Kornelius Nielsch; Manuel Hdez-Velez; Kleber Pirota; Victor Prida
Magnetismo de Superficie, MFM:

Agustina Asenjo

Aspectos a tener en cuenta para alcanzar
contribuciones originales:

- Producción autónoma de muestras
- Medidas experimentales originales
- Personal investigador

Finanzas: solicitar fríamente 
todo tipo de proyectos



Au layer sputtering

NWs
growth

Removal of 
barrier layer

Removal of 
Al layer

2nd 
anodization

Removal of alumina

Al foil

1st anodization

Potentiostatic
electrodeposition

Síntesis electroquímica de arreglos ordenados de nanohilos

Al disk and inner
electroplated
region

Anodic Aluminium Oxide, 
AAO, membrane

NWs released from 
the membrane Diana, Laura, Mariana, Ruy 



Hysteresis loops & Spin imaging: VSM & SQUID vs. VF-MFM & MTXM
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MFM imaging of Ni nanowires
(d=180 nm, L = 2 mm)

MTXM imaging of Co nanowires (d=35 nm, L=150 nm)

Advanced Light Source, 
Berkeley                           
MTXM: line 6.1.2; 
Co edge (778 eV) 
Collaboration P. Fischer
Open Surf. Sci. 

Evidence of Magnetostatic Interactions

Magnetic Force Microscopy Image of 
individual (black & white) nanowires at 

ICMM/CSIC Madrid

A. Asenjo, J. Escrig et al. PRB 2007
Vazquez et al. Eur.J. Phys. 2005

Miriam



MMM

Unexpected temperature dependence of Magnetic Anisotropy
Arrays of Ni, Co Nanowires with different length (500 to 2000 nm)                                                  
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Pirota et al. Phys. Rev. B 76(2007)233410             
Navas et al. J. Appl. Phys. 103(2008)

Change of magnetoelastic contribution with temperature

Ktot= Kshape (L) + Kmag.el. () + Kcryst

Change of Anisotropy
Axis with

Temperature!!

The crossing
temperature depends

on wires length

Strong influence of magnetoelastic anisotropy induced by:     
a) Different thermal coeficients of wires & matrix

b) Length dependent Young´s Modulus (surface tension)

in collaboration with
Un. Campinas (M. Knobel)

David Navas



Antit array sput

Antidot Py array preparation by ion-beam sputtering on 
ordered porous alumina

D=105 nm;                          FeNi 
layer thickness  20 nm Holes 
Lenght  4 mm

130nm

MFM

Py antidot array on self-assembled template

200 nm

Karla, Wagner



Py Antidot Arrays by X-Ray photoemission electron microscopy

XPEEM equipment 
at BESSY II synchrotron, Berlin

Karla J Merazzo et al 
PRB 85 (2012)184427



Instituto de Ciencia de Materiales (2001- )
Puesta a punto de un Nuevo Laboratorio

3 equipos de solidificación ultarápida: 
hilos, cintas y microhilos cubiertos de pyrex



Melt-spun amorphous ribbons

Glass-coated amorphous microwires

10 to 60 µm thick

100 to 150 µm diameter

1-20 µm 
diameter

5 mm

In-water-quenched amorphous wires

Bi-magnetic 
Microwires

Families of Metallic Glasses (as produced in ICMM/CSIC, Madrid) 

Up to 40 µm 
diameter



v = S(H − H0)

be - eddy currents

br - spin relaxation
bs - structure relaxation

b would reflect the 
interaction DW with 
defects

Domain Wall & Dynamics
Rastislav Varga; Giovanni Badini-Confalonieri (Karin, Jacob, Germán)

Single domain wall &
fundamental dynamics studies

Damping mechanisms

Varga et al. 
Phys. Rev. Letters 94 (2005) 017201

Varga et al. 
J. Phys.: Condens. Matter 20 (2008) 445215

DW motion equation



Trapping and Injecting Domains Walls: Sixtus & Tonks–like Experiment

Scheme of domain structure after a standard Domain Wall, DWst, 
moves under drive field, Hdr, plus antiparallel local field

Antiparallel local-field configuration: 
The Local field opposes the Drive field



Trapping a domain wall: Antiparallel local-field configuration

Velocity, v, of the standard wall, 
DWst, under drive field Hdr= 170 A/m, 
as a function of the antiparallel local 

field, HL.                              
The wall gets trapped at HL=610 A/m

DWst trapped at 
4.27 mm to the left

of the local coil

Experimental (blue) & calculated (red) 

HL=0
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Vázquez, Basheed, Infante and Perez
Phys. Rev. Letters 108,037201 (2012)



Observando cómo se aniquilan 2 paredes moviéndose en direcciones opuestas

H

S4S3S2S1

DWst1 

v

S4S3S2S1

0H 

S4S3S2S1

DWst2                               

v

H

v

DWrev

DWst2 and DWrev arrive to S3 simultaneously: 

We are observing the collapse of two single 
domain walls moving along opposite directions

microwire

S1
yellow

S2
blue

S3
pink

S4
green

Pick-up 
coils Si

For Happ=-281 A/m, signals at S2 (blue) and S4 
(green) are picked up simultaneously. 

Also, signal in S3 (pink) has higher amplitude 
and reduced width. 

Fe79Si10B8C3 microwire
(dmet=20.5 mm, Dtot=30.5 mm)

A. Jimenez, R.Perez del Real and M. Vázquez,   
invited talks at JEMS Sept.2012, Parma (EPJ 2013)
and at MMM, Jan. 2013, Chicago 



Know-how at ICMM/CSIC: Magnetic Nano and Microwires 
1- Materials Production at Laboratory scale

Production & Magnetics 
amorphous ribbons

1980-1900 1993 2002 20071989

First studies in       
glass-coated microwires

Amorphous wires        
(in-rotating-water)

Melt-spinning unit under controlled 
atmosphere, ICMM/CSIC

Amorphous Wire 
Domain structure
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1994-6

Reporting Giant
Magnetoimpedance in 
amorphous microwires

Autonomous Fabrication of 
Amorphous Wires and 
Microwires

MFM image of Ni 
nanowire array

200 nm

Arrays of Magnetic Nanowires           
Autonomous Fabrication

 

30 
mm

2005

Multilayer 
Microwires

Radial array of 
nanowires

2006

Metallic & Polymeric 
nanoporous membranes

d: 40 nm

2008

Bimetallic bimagnetic / 
microwires



Techn know-how

Know-how at ICMM/CSIC: Microwires and sensing devices 
2.- Wire Sensor & Technological Developments

1996 1999 2000 20071997

Magnetic Encoding based 
on bistable glass-coated 
microwires

DC current sensor based on MI 
(Unitika wire) for power 
electronics

Glass-coated Microwires in 
polymeric films for 

electromagnetic screening

2003

Magnetoelastic Pen for Siganture 
Identification
MI in glass-coated microwire (Patent)

Sharpned Amorphous 
Wire Tip for SPMTM
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Multifunctional Sensor based
on Multilayer Microwire
(Patent)

2006

New-generation 1 
micron-size Wire for
GMI sensor  (Aichi, 
Toyota Group)

Magnetic Shape 
Memory Wires 
(Patent)

Bimetalic Wire with 
helical anisotropy 
(Patent)

2008-9

Microwires for Flux-Gate 
sensor (Quantec Geotech, 
Montreal)



6 Patents based on Multilayer Microwire
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Temperature & Stress sensor (EU)
G. Badini, J. Torrejon, K. Pirota, 
H. Pfüztner et al. (2007) 

0 2 4 6 8 10
0

50

100

150

200

250

 5kA/m

 10kA/m

 15kA/m

 20kA/m

 25kA/m

 30kA/m

 35kA/m

 40kA/m

 45kA/m

F(GHz)

FeSiB/CoNi



t
CoNi

=3mm

FMR1

FMR2

Microactuator based on bimagnetic
asymmetric core/shell microwires (2017) 
EU/Russia (Valeria Rodionova) 
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Instituto de Ciencia de Materiales (2001- )
Organizacion de Congresos, Intermag 2008

con los Nobel Peter Grünberg y Albert Fert, y la ministra Cristina Garmendia 



Instituto de Ciencia de Materiales (2008-2017)
Visitas de investigadores y Distinguished Lecturers

M.Yamaguchi O.Kazakova

S. Parkin H.Ohno

L. Schultz & R.Cowburn



Relaciones
Internacionales
(2008-2017)

AICHI steels, Toyota

NMP, Mittal, Karagpur

NIST, Boulder 

IBM, Almaden, CAProyectos Coordinados 
Españoles

Un. Kosiçe



Instituto de Ciencia de Materiales (2009-2017)
Grupo de Nanomagnetismo y Procesos de Imanación

- Magnetismo de Microhilos: 
control sobre paredes individuales 

- 8 Patentes: sensores diversos, 
diseño de nuevos microhilos

- Proyectos con empresas 
Aichi (Japón),IBM (USA),Micro-Epsilon Messtechnik (Germany), 

Quantec Geotech (Canada), AIRBUS (France), PREMO (Spain) 

- Suministro de microhilos & proyectos 
(Un. Pub. Navarra,..)



Coordinated European Projects

- “Rare Earth Free Permanent Magnets (REFREEPERMAG)”, 2012-2016 FP7NMP.2011 

IPs: D. Niarchos (NCRS, Athens), M. Vázquez (CSIC), M.Farle (Univ. Duisburg-Essen),  

J.Fidler (Techn. Un. Vienna), O. Erikson (Un. Uppsala), S. Fähler (IFW, Dresden), F.Ott (CEA, 

France), G. Viau (Un. Toulouse), Magnetfabrik Bonn, Wittenstein Cyber Motor.

- “Magnetic nanoparticles combined with submicron bubbles for oncologing imaging

(NANOMAGDYE)” 2008-2012, FP7-NMP-2007; IPs: G. Pourroy (CNRS, Grenoble), I.

Bernhard (Saarland Un.), M. Vázquez (CSIC), P. Chirico (Softech, Italy), P. Vertesy (Hungarian

Ac. Sc.)

“Magnetstrictive bi-layers for multifunctional sensor families” 2003-2007 EU-Growth

IPs: H. Pfützner (Techn. Un. Vienna), M Vazquez (CSIC), Cardiff Un. (T. Moses), Fiat

(J.Chiricco), ELCAT (Germany).

Bimagnetic microwire

Position Sensor & 
Tachometer



Instituto de Ciencia de Materiales (2009-2017 )
Grupo de Nanomagnetismo y Procesos de Imanación

Magnetismo de Nanohilos aislados

Cristina Bran

Agustina Asenjo; Rafael P del Real; Oksana Chubykalo-Fesenko

Diferentes tipos de Nanohilos



1.- Uniform Nanowires:

Nanodots, Nanowires

(reduced diameter, combined with ALD)

2.- Modulated Nanowires :

a) Longitudinal 

Multisegmented, Multilayer, 

b) Radial

Nanotubes, Core/Shell

c) Diameter Modulated

3.- Radial nanowires in Cylindrical template

Co/Cu 
multisegmented

Ni nanotubes Fe&Au core&shell

CoFe diameter
modulated

4μm

Co nanowires

Various families of magnetic nanowire arrays 
prepared by electrochemical  route at ICMM/CSIC, Madrid

Ruy



Multisegmented FeCo/Cu 
with increasing FeCo

segment lentght

FeCo Diameter- modulated

Tailored Geometry & Composition (Co, Fe, Ni & alloys) 

FeCo/Cu Bamboo-like
(antinotches) modulated

20 to 200 nm Diameter
100 nm to 40 mm Long

MFM image

Nacho, Oscar



CoFe (bcc 110)

Co (hcp 002)

Anisotropy & Composition
modulated

Fe/Fe3O4 core/shell
nanowire (KAUST)

Fe/Au core/shell
nanowires

Yuri Ivanov, Jurgen Kosel
(KAUST)



Crystal Structure; Domain Structure; Magnetizat. Reversal 

(a) MFM image,  

(b) Remanence: micromagnetic simulated              

(c) MOKE (black) and simulated (blue) loops

Single Domain in fcc Co35Ni65

CoxNi(100-x) allow nanowires



(a)

(b)

SEM (a) and Electron 
Holography (d) images 
of the magnetic flux

Topographic  AFM (a) and 
Magnetic MFM (b) images of FeCo modulated NW

Interpretation of bright and dark MFM contrasts 

Axial Domain and stray fields at modulations

Magnetic Force Microscopy & Electron Holography imaging

L. Robriguez, C. Bran, E. Berganza 
et al. ACS Nano  10 (2017) 9669

E. Snoek, Toulouse
A.Asenjo



Imaging Transverse and Vortex domains                  

Photo-emission electron microscopy with X-ray magnetic circular 
dichroism (PEEM–XMCD): surface and bulk spin configuration

hcp Co85Ni15

hcp, fcc
Co65Ni35

Transverse Domain Vortex Domain

Bran et al 
(Phys Rev Sept2017)

C. Bran , L. Aballe et al. 
J. Mater. Chem. C 4 (2016) 978



Simulated Domain Structure
in CoNi alloy nanowires:

Vortex and Transverse Domains

JA Fernández-Roldán & O. Chubykalo-Fesenko

fcc + hcp crystals: 
Transverse and Vortex
domains

hcp crystals:
Mostly Vortex domains



Multisegmented FeCo/Cu NWs: magneto-optic Kerr effect

Local hysteresis
loops

Profile of 
magnetization
switching

Jessi Meyer 
Ester Palmero

Loop of a uniform wire

Stepped propagation of a domain wall



Multisegmented Nanowires, MFM imaging

Unidirectional
Reversal from
short to longer
segments in 
quantified steps

H 
applied

FeCo/Cu with increasing FeCo segment lenght from one end

Eider Berganza



FeCo/Cu with increasing FeCo segment lenght from one end
Stepped motion of the single domain wall (PEEM–XMCD)

Cristina Bran



A colloidally stable water dispersion of Ni nanopillars
as efficient T2-MRI contrast agent

Al2O3

etching

Au 
etching

PAA-Coating
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A) Transversal relaxivity (r2) of a water solution of PAA-
coated Ni nanowires at 1.41 T and 3 T at 37 ºC. 

B) T2 map of PAA-coated Ni nanowires acquired at 3 T 
and 37 ºC.

A B C

Bañobre, Rivas et al., J.Mater.Chem. B, 5 (2017)3283



Contactos Hispanomericanos
Latin-American Workshops

my Taiwanese Magnetic Family
Spanish Moais

our Siberian Magnetic Sensors Lab. Prof. to Univ. Wuhan, China





Recientes actividades de internacionalización

IUPAP, ICM 2015

INTERMAG 2017, DublinIEEE Magnetics Society Summer School
Santander, 2017



Grupo magnético: 20 doctores      
30-40 postdocs y visitantes



IEEE Magnetics Society (http://www.ieeemagnetics.org/) 

What is the IEEE Magnetics Society ? 

a) One of 46 Societies/Councils from the IEEE (Institute of Electrical and 
Electronic Engineers)

b) MagSoc is the 52 Years old, worldwide largest (over 3,000 members) 
non-profit Association dealing with magnetics

c) Managed by Volunteers, supported by professional administration 

Presidency of IEEE Magnetics Society, 2017-18



24 Elected AdCom Members

+ 11 Committee Chairs

Officers (2 years term)

Constitution + Bylaws
Governed by the Administrative Committee

President

Vice-Pres

Secretary

Past-President

Conferences (Intermag, MMM)

Technical

Honors & Awards

Distinguished Lecturers

Education (Summer School)

Membership

Publicity

Finance

Chapters

Nominations

Publications (IEEE Trans Magn, Magn. Letters)

Join the Magnetics Society: 
if interested, contact: Manuel Vazquez, at   manuel.v.vazquez@ieee.org


