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Integrating fast readout direct electron detectors into the scanning transmission electron microscope 
(STEM) is revolutionizing imaging.  This paper provides a brief review of work in this area at Glasgow. 
 
The Materials and Condensed Matter group at the University of Glasgow has long been experimenting 
with direct electron detectors, together with the Particle Physics Experimental group.  A Medipix2 
detector was integrated onto our Philips CM20FEG electron microscope in a bottom mount position in 
2010 and used in initial studies [1,2].  More recently, a Medipix3 detector was installed onto our JEOL 
ARM200F in a fixed mount at the 35mm camera port, and together with a Merlin readout system 
(Quantum Detectors Ltd., Harwell, UK) it was possible to run 4D STEM imaging at >1000 frames per 
second, under the control of Gatan Digital Micrograph.  A similar system has been installed in a bottom 
mount on the JEOL Grand ARM at ePSIC.  Most recently, a retractable mount for the Medipix3 detector 
has been produced at Glasgow, and is now installed on our JEOL ARM200F in the 35mm port. 
 
One area of use of pixelated detection is for the improved differential phase contrast (DPC) mapping of 
magnetization in materials.  Traditional DPC-STEM uses split detectors to determine the deflection of 
the bright field disc but suffers from diffraction based intensity variation within the disc leading to 
spurious unwanted contrast on the length-scale of the grains.  This can be overcome using a pixelated 
detector, and processing the discs using edge detection and cross correlation to give a pure disc 
deflection without the diffraction contrast [3].  This has been used in studying the magnetic structures 
arising from the patterning of B2 Fe60Al40 – this structure is ordered and paramagnetic after deposition 
and annealing, but after exposure to a (suitably low dose) Ne+ beam it is disordered to a BCC structure, 
which is strongly ferromagnetic and has a larger lattice parameter. We recorded diffraction patterns (Fig 
1a) at a camera length to show both the central bright field disc and the inner rings of crystal diffraction 
spots.  Fig 1b shows the plotted magnetization in one of these stripes.  Fig 1c shows the lattice 
parameters determined from the diffraction ring radii in the directions parallel to and perpendicular to 
the long stripe axis.  It is clear that parallel to the length, the parameter is constrained by the surrounding 
film, whereas there is a larger expansion perpendicular to the interface, across the width of the patterned 
magnetic stripe.  This suggests that strain can be used to bias the magnetization in films.  
 
Another novel use for pixelated detectors is to use high angle scattering into higher order Laue zones to 
reveal ordering along the beam direction, B [4].  Datasets containing such high angle information have 
now been recorded at atomic resolution, such as Fig 2 from a perovskite oxide heterostructure.  Fig 2a 
shows HAADF contrast for this dataset, and both La-containing layers are much brighter than the 
SrTiO3 layer, as expected.  Fig 2b shows the integrated intensity in the inner Laue zone ring, which only 
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appears for the LaFeO3 layer.  This arises from the doubling of the unit cell along B, and the intensity 
roughly corresponds to the magnitude of atomic shuffles parallel to B, showing that these only reach a 
maximum at the layer midpoint.  Careful inspection also shows that the signal is strongest on the La 
columns, demonstrating that they are the primary source of the period doubling.  This allows detailed 
investigation of the local “crystal structure”, which differs from the bulk LaFeO3 structure.  The plots in 
Fig 2c show these trends for lines drawn from left to right, together with the outer Laue zone radius, 
which reveals subtle changes in lattice parameter along the beam direction across this heterostructure. 
 
This demonstrates two exciting areas for application of such fast pixelated detectors for 4D STEM 
imaging, and shows that it enables new kinds of investigations, not possible with traditional detectors. 
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Figure 1.  Ion-beam patterning of stripes on FeAl thin films and the results on magnetization and strain: 
a) diffraction pattern; b) plot of magnetization determined from disc deflection; c) line plot of the lattice 
parameters perpendicular and parallel to the long axis of the stripe. 
 

 
Figure 2.  Atomic-resolution Laue zone imaging of a heterostructure of LSMO and LFO on STO: a) 
HAADF image constructed from the 4D STEM data; b) intensity in the inner Laue zone ring 
(corresponding to unit cell doubling along the beam direction); c) line plots of ADF intensity (blue), 
inner Laue ring intensity (red), and outer Laue ring position (green). 
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