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QUESTIONS

How small is a nanometer ?How small is a nanometer ?

How many atoms in a single hair ?How many atoms in a single hair ?

How many nanostructures could fit in a hair ?How many nanostructures could fit in a hair ?

http://ucsd.tv/getsmall
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AWARDS
• 5 EMMYs
Production, Lighting, Acting, 
Camera, Special Effects
• 2 TELLYs

• 15 Satellite TV
• Tours
Australia, New Zeeland, India
• Museums 
Mexico, Chile, Spain, San Diego
• Public Lectures
NY, San Francisco, Santiago, 
San Diego, Brusells
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HYBRID NANOSTRUCTURES 
CONFINEMENT  

PROXIMITY 
INDUCED PHENOMENA

Ivan K. Schuller

DOE, NSF, AFOSR, DARPA
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KIMBERLY-CLARK
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THANK YOU KIMBERLY-CLARK
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Exciting Times in 
Solid State Physics

Novel Frontiers
Interesting Developments
Unexpected Applications

Many JobsMany Jobs
High SalariesHigh Salaries
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University of California- 
San Diego

• Top 10 Solid State Groups in the US
• New Institutes-Calit2, MURI, CAN………
• Many Choices

Best WeatherBest Weather
Best Looking ProfessorsBest Looking Professors

See http://See http://ischuller.ucsd.eduischuller.ucsd.edu

We need a few good men/womenWe need a few good men/women
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SCHULLERSCHULLER  GROUPGROUP
• Nanoscience: Thin Film, Lithography

• Magnetism: Exchange Bias, Tunneling, Transport

• Superconductivity: Pinning,Photoinduced,Search

• Superlattices: Metal, Organic, Oxides, Semicond.

• Organics: Metallo-Phthalocyanines

• Oxides: Transition Metals, Perovskites, 

• Applications: Sensors, Storage, Magnetic devices

• Movies and Plays

http://ischuller.ucsd.edu
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R. K. Dumas
Kai Liu 

D. Perez de Lara  
E.M. Gonzalez
J. L. Vicent

F. J. Castaño
B. G. Ng
C. A. Ross

Y. ROSEN, M. EREKHINSKI
EX-

J. MARTIN,  J. VILLEGAS, 

F. CASANOVA, A. SHARONI

AFOSR & DOE
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Nano
science
Nano

science
PhysicsChemistry

CHARACTERISTIC LENGTH SCALES
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Experimental Lab

•
 

BOUNDARY CONDITIONS

•
 

PROXIMITY

•
 

TIME REVERSAL SYMMETRY

VORTICES

BISTABLITY

RATCHET
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VORTICES 
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www.scrippts.edu

BIOLOGICAL
MOTORS
MYOSIN

RATCHET
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World Expert in 
BaNano-technology
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INTRODUCTION

J. Am. Chem. Soc.-Nano
January 2008

E. E. Fullerton and IKS
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External   
Stimuli

Characterization 

Synthesis

Hybrids
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Shadow Mask

ChangPengChangPeng
 

Li Li 
Igor Igor RoshchinRoshchin
Xavier Xavier BatlleBatlle
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NAN0NAN0--FABRICATIONFABRICATION
•• Lithography, high technology:Lithography, high technology:

electron and ion beams, 
X-ray, 
Scanning Tunneling Microscope

•• Self Assembly :Self Assembly :
chemical
biological
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NEW FUNCTIONALITIES

• Confinement
• Proximity Effect
• External Stimulii
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DESPINA E DON ALFONSO DESPINA E DON ALFONSO 
In In poch'orepoch'ore, lo , lo vedretevedrete, , 

Per Per virtvirtùù
 

del del magnetismomagnetismo,,
FinirFiniràà

 
quelquel

 
parossismoparossismo

DESPINA AND DON ALFONSO
In a few hours, you will see
The power of magnetism

Will end this…

Cosi
 

fan tutte
W. A. Mozart-1790 

(Passion, Excitement, Tumult, Orgasm,…)
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•Flat dot-Coin ???

•Indirect measurements

•Simulations

•Neutron Scattering (Fitzsimmons-LANL
Pynn-Indiana U)

•Lorentz Microscopy (Yimei Zhu-BNL)
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Mask Porous AlOxMagnetic Vortex State 
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Micromagnetism

I.  Roshchin, X. Batlle, M. Fitzsimmons, D. Altbir, J. Mejia-EPL86, 7008(2009) 
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Neutron scattering: 
mz =103 emu/cm3 

Core size 15 nm

MZ

15 nm

65 nm

Micromagnetic simulation:
mz =78 emu/cm3 

Core size 14 nm
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Neutron Scattering Lorentz Microscopy

Co

Ni 

I.  Roshchin, X. Batlle, M. Fitzsimmons, D. Altbir, J. Mejia-EPL86, 7008(2009) 
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HYBRIDS
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Metals like men Metals like men 
when they reach critical temperaturewhen they reach critical temperature

loose all resistanceloose all resistance

P. Zimmerman, P. Zimmerman, chileanchilean poetpoet

MetalesMetales
 

comocomo
 

los hombres los hombres 
cuandocuando

 
lleganllegan

 
a a temperaturatemperatura

 
criticacritica

pierdenpierden
 

todatoda
 

resistenciaresistencia



Magnetic Phase Diagram Magnetic Phase Diagram 
Type II SuperconductorType II Superconductor

AbrikosovAbrikosov
20032003
NobelNobel
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The Colbert Report
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H.F. Hess et al. PRL  (1989)

B ⊗
N

Abrikosov
Lattice

Vortex-vortex
Interaction

Vortex Density
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Pinning

V(x)

FL <FP (J<Jc )

ρ=0

-dV/dx=Fp

B 

Artificial
Size?

10-100 nm

A. Volodin et al., EPL 2002

B ⊗
Intrinsic

ξ, λξ, λ
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Natural Impurities: 
Random Pinning

Nb Film
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PieroPiero MartinoliMartinoli

I wonder what happens if the I wonder what happens if the 
pinning sites are periodic ??????pinning sites are periodic ??????
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Figuring how to immobilize the magnetic vortices,
an atomic scale process called pinning,

has emerged as a crucial area of research

NANODOTS
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Periodic Vortex Pinning with

Javier Villegas, Maribel Montero, Jose Martin, 
Pilar Gonzalez, Elvira Gonzalez, Axel Hoffmann 

Jose L. Vicent, Ivan K. Schuller
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Magnetic Dots               Magnetic Dots               NbNb FilmFilm

I

V- V+

Nanostructures    MicrostructuresNanostructures    Microstructures
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MagnetoresistanceMagnetoresistance 
Collective PinningCollective Pinning

• up to 8th order peaks!
• square lattice of Ni dots (∅

 
340 nm)

-1 5 0 0 -10 0 0 -5 0 0 0 50 0 1 0 0 0 1 5 0 0
1 0 -2

1 0 -1

1 0 0

 

ρ 
(μ

Ω
cm

)

H  (O e)

T/Tc =0.93
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REMEMBER

H proportional H proportional 
to to 

number of vorticesnumber of vortices

n=1n=1
 

implies implies 1 vortex1 vortex//plaquetteplaquette
n=2n=2

 
implies implies 2 vortices2 vortices//plaquetteplaquette

…………………………....
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NEW PHENOMENA
• Distortion of the vortex lattice
(J. Martin, PRL 1999)

• Vortex channeling
(J. Villegas, PRB 2005)

• Fractal lattices
(J. Villegas, PRL 2006)

•
 

BISTABLE
 

SUPERCONDUCTIVITY
(J. Villegas, PRL 2007)

•
 

RATCHETS

(D. Perez, PRB 2009, 2010)
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Lorentz microscopy images

“magnetic vortex”

superconducting film (Al)

magnetic nanodots (Co)

Insulating layer AlOx

Yimei Zhu @ BNL

NES - WorkshopNES - Workshop

48
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Switchable pinning landscapes

disordered
pinning landscape

ordered
pinning landscape

MAGNETIC
HISTORY

J.E. Villegas et al. PRB 77, 134510 (2008) 
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Remanent states

MFM images
T. Okuno et al. 
JMMM (2001)

After large field After partial demagnetization

NES - Workshop

50
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Bistable superconductivity

A REAL HYBRID
 

BEHAVIOR

J.E. Villegas, C.-P. Li and I.K. Schuller
Physical Review Letters 99, 227001 (2007)
Appied Physics Letters,  (2009)
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HTc =1.4 K

Al film on a nanodot array
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HTc =1.4 K

Al film on a nanodot array
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Tc =1.4 K H

Al film on a nanodot array
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HTc =1.4 K

Al film on a nanodot array
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HTc =1.4 K

Al film on a nanodot array
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HTc =1.4 K

75 nm

vortex-state
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NEW PHENOMENA

• New “Josephson Like Effect
• Distortion of the vortex lattice
• Vortex channeling
• Fractal lattices
• Bistable superconductivity
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NEW PHENOMENA
• New “Josephson Like Effect
• Distortion of the vortex lattice
• Vortex channeling
• Fractal lattices
• Bistable superconductivity
• Ratchets (Vicent, Villegas, Perez……

http://www.uoregon.edu/~linke/dropletmovies/
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MAGNETIC CHARACTERIZATION

H

H
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IIACAC

V- V+

AC driveAC drive
Measure DC

What to Expect ? Nichts,  Nada,
Niente, Rien

MAGNETIC
STATE
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ONION STATEVortex motion

Vortex motion

ω=10kHz
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IIACAC

V- V+

AC driveAC driveAsymmetricAsymmetric
Measure DC

Expect Anything 
New ?

NICHTS, NADA,
NIENTE,RIEN
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Thank you 
American Airlines
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TEMPERATURE

FIELD 

D. Perez, et al-
 

to be published

TOPOLOGICAL
 

RATCHET



77

NanoMagnetic-Superconducting 
Hybrids

•
 

BOUNDARY CONDITIONS

•
 

PROXIMITY

•
 

TIME REVERSAL SYMMETRY

VORTICES

BISTABLITY

RATCHET
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