- . - - . Magnetic domains in thin films are not normally visible in transmission

I I I l ag l n g I I ag n et I Satlo n u SI n g LO re ntz m IC rOSCO py electron microscope images because magnetic fields only deflect the
electrons, thus changing their phase, without affecting their intensity.
Domains can be made visible by changing the microscope focus to look
either above or below the specimen, and this technique is called Lorentz

. microscopy. In Lorentz images the magnetic domains are outlined by black

Ch I'iS BOOTh Oyd and Rafal Dunin' BOI’ ows k| or white lines but it is difficult to tell the direction of magnetisation. Here a
method is illustrated for determining the magnetisation from a Lorentz
image.

Simulated images of a test domain structure Magnetic domains in NdFeB Magnetic domains in Co

Underfocus, focused 20 um above
specimen

Test magnetic domain structure.
Arrows show direction of
magnetisation (B) At focus
Interaction of the electron wave with a test magnetic 3 0
structure (above) in an electron microscope. The 2
magnetisation causes a phase change in the electron
wave (shown on the lefi). Simulated Lorentz images of
this structure are shown on the right.

Overfocus, focused 20 um below
specimen . a) Lorentz image ofa  b) x and y components b, right) The arrows on
15 nm thick Co film of magnetisation the right image show
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Phase change induced in electron
wave on passing through test
structure

Magnetisation determined from the
phase image (left). The colours
represent the direction of
magnetisation, as shown by the
arrows and the intensity represents
the strength of the magnetic field

Electron phase change recovered
from the underfocus image above

Electron phase change recovered from the above image

phases and hence magnetisation

Lorentz images and histograms of the magnetisation direction (as above)
as the Co film is taken through a hysteresis cycle. The field applied for
each image is: @) 0, b) —2.6x107%, ¢) —2.8x107°, d) -6.7x10°%, €) +2.9x10
and f) +3.2x107° T. Note that the magnetisation in c) is not recovered
properly as there is a reversal of magnetisation across the image on a
scale larger than the area of the image, thus making the corresponding
histogram difficult to interpret.




