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Zeeman split transition

Zeeman effect
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1 THz = 4meV

1 THz = 48K

1 THz = 33cm-1

1 THz = 0.3mm

Why magnetic lasers?

Electronics Optics



  

What physics at THz frequencies?
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Point contact spectroscopy

-eV/2 +eV/2

N NNN



  

FN point contact spectropy

A M Kadigrobov et al 2011 New J. Phys. 13 023007

N F



  

Making a point contact with attocube

Together with A.Naylor, Leeds



  

Making a point contact with a  micrometer screw



  

Cu/Cu point contact
Cu

Cu



  

Measure polarization



Excitations magnetic layer

H > Hsaturation

Excite spin waves

Magnetisation changes

                     Increase R   

Ji, Chien and Stiles, prl 90, 106601 (2003)

Co|Ag

No spin waves

Spin 
waves



  

PCS Cu/Co



  

Add radiation
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Recipe to make a hard magnet

● Stoner-Wohlfarth criterium: 

     1. strong uniaxial magnetic anisotropy K
         -> crystallography, shape, ...

2. maximize Bremnance

         -> crystal, epitaxial, ...
3. eliminate domain walls

         -> single domain, pin domains, ...
4. minimize exchange coupling between domains

         -> nonmagnetic defects, ...

 



  

Hard magnets

RE-TMPinning

Naturwissenschaften 87 423 

Max energy density

Thermally activated switching:

10 years stable



  

Combine

- High saturation polarization and Tcurie 3d TM

- high crystal anisotropy RE

- Fe
- Co

- Nd
- Pr
- Sm

Rare earth transition metals



  

Hard magnets

1T1 mTMaterials: Engineering, Science, Processing and Design, M.Ashby



  

Phase diagram SmxCoy

S. Nagasaki, et al,  AGNE Gijutsu Center, Tokyo



  

SmCo5

Rotated 30°

'Sm' sub-lattice

'Co' sub-lattice

S
TM

L
RE

S
RE

5 Co, 8μ
B

1 Sm, 0.71μ
B

M
exp

 = 7.27 μ
B
 

M
calc

 = 8.71 μ
B

How to get such a huge magnetization?



  

Other systems?

● Anisotropy Co biggest

● Only easy axes of Sm, Er, Tm 
combines well with Co

● If L & S parallel, total moment 
antiparallel -> ferrimagnetism 
(GdNi)



  

SmCo5 thin film growth

Substrate

(buffer layer)

SmCo5



  

Substrate

Single crystal to get desired texture
- MgO (100), MgO(110)
- Si (110)

Amorphous glass

Zhang et al, jmmm 321, 2643 (2009)

Glass



  

Buffer layer

Use Cr buffer layer:
● Lattice mismatch SmCo5| MgO 7 %
  lattice mismatch Cr | MgO ~4 %

● Decrease elastic distortion

● Cr produces:
- dense film
- small grains
- smooth surface

Cr (011)

Cr (002)

Cr (002)



  

SmCo5 film

● DC sputtering composite target Sm20Co80

● [Sputter Sm(Co,Cu)
5
]*

Concentration
Crystal structure

SmCo5 (11-20)

* J.Zhang et al,  Jmmm 310, 1



  

Annealing

Zhang et al, JMMM 310, 1 

● Rapid thermal annealing

● Diffusion between layers

● Change crystallography



  

Coercive fields grown SmCo
5



  

Coercive fields, with errorbar, grown SmCo
5



  

Outlook

● Grow SmCo
5
 & measure with squid

● PCS FN structures and observe STT (Stefano)
● Apply radiation

● Measure V
ish

 during spin pumpings
● Spin pump GdNi (Hiske)



  



  

Spin pumping

 

V 
H 
 θ 

magnetization 

Ni81Fe19  

Pt 

microwave 

Hiske Overweg
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