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MFM pictures 5X 5micron ^2 at 300 K   
The dark /bright  color represents domains with  
positive /negative magnetization  
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Heff  = H - Hreturn (Heff) 

Hreturn (Heff) = 4    (Arod /Acell) M(Heff)  







TAMU group (2008) 



TAMU group (2008) 

MFM  image of the  nickel nanowire 
array with a pitch of 150nm embedded  
in an alumina matrix the magnetic 
polarization of the pillars alternately  
‘‘up’’ (white) and ‘‘down’’ (black)  



MFM image of Ni nanorod  
arrays at 300 K 

AFM image of Ni nanorod  
arrays at 300 K 

Profile across two nanorods 



SHPM image of Ni nanorod  
arrays at 100K 

MFM image of Ni nanorod  
arrays at 300 K 

AFM image of Ni nanorod  
arrays at 300 K 

Profile across two nanorods 



Lyuksyutov, Naugle 1999  

Flux from the rod 



Nickel nanorods embedded into a film of conventional 
superconductor (left part). Right part shows uncovered 
substrate (dark) with  nickel nanorods (white). 

AFM picture of Ni nanocolumn array 
with period 2 microns, column diameter 
50nm and height 350nm;  





Critical current of Nb film as a function of field for 
the high density triangular  dot array at T = 8.00, 
8.40, 8.46, and 8.52 K (top to bottom) Tc =8.56 K  

Critical current as a function of field at  
T = 7.0K, 7.4K, 7.6K and 7.7K (top to bottom)  
Tc = 7.9K for PbBi film with MNC array 

Nickel dots  120 nm diameter by 110 nm height,  
niobium film 95 nm thick Nickel rods  70 nm diameter  350 nm height,  

PbBi  film 90 nm thick 

Comparison of Magnetic  Dots and Rods 



Phase Diagram and Hc2 for Magnetic  Nanorods Array 









Room-temperature magnetic properties of α-Fe nanocolumns 
 embedded in a LaSrFeO4 matrix. Out-of-plane (wide loop)  
and in-plane (narrow loop) magnetic hysteresis loops  
correspond to α-Fe nanocolumns and indicate strong anisotropy  

Plan-view TEM image of self-assembled nanostructures 
 in LaSrFeO4  thin films. Film deposited in vacuum at  
T = 760 °C, showing the decomposition of the  
perovskite target into a second phase embedded in the matrix  

Dark-field cross-section image of a film showing  
α-Fe nanocolumns embedded in a LaSrFeO4  matrix  

L. Mohaddes-Ardabili et al,  
Nature Materials, 3,  533-538 (2004) 

Self-assembled single-crystal ferromagnetic iron nanowires  

(α-Fe nanocolumns embedded in a LaSrFeO4  matrix)  



Cross-section TEM image of YBCO/
CoOx VAN structure (insert is the 
corresponding selected area 
 diffraction pattern from the view area) 
produced by Wang at TAMU;  

Cross-section TEM image of a BFO/SmO 
nanocomposite produced by Wang at 
TAMU 
showing an ordered pattern of BFO and 
SmO domains  

Vertically Aligned Nanocomposite (VAN ) structure 



YBCO films with magnetic nanorods are feasible 

Interesting physics   with magnetic nanorods 

Size is matter 

Shape is matter 


