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Image contrast in scanning transmission electron microscopy (STEM) is based on the inclusion or 

exclusion of electrons scattered into a defined angular range.  Electron collection in STEM is typically 

achieved via zero-dimensional diode-based detectors.  Unfortunately, most information about the 

diffraction pattern is lost when it is collected on a zero-dimensional detector.  Collecting the entire 

diffraction pattern will enable selective bright-field (BF) and dark-field (DF) imaging using well-defined 

angular ranges, including non-continuous ranges, or imaging with specific diffraction spots.   

 

Many selective diffraction imaging developments are geared towards high-energy electrons in the 

transmission electron microscope.  Those efforts generally include multiple iterations of solid-state 

detectors with individually indexable pixels [1].  In this contribution, a detector developed in 

cooperation with RadiaBeam Technologies and funded in part by a Small Business Innovation Research 

grant is described [2].  As Figure 1 shows schematically, the detector comprises a phosphor, an 

independently indexable 1024×768 digital micromirror array, several optical elements, and two arbitrary 

recording devices or signal transducers, a camera and a photodiode are shown, for example.  Electrons 

forward-scattered through the sample impinge on the phosphor (in vacuum) and generate photons that 

are subsequently directed to the micromirror array.  The individually indexable mirrors can reflect the 

entire photon signal or a specifically chosen portion of the signal to either detector.  In this way, an 

image, the entire diffraction pattern, or a specific feature from the diffraction pattern can be collected by 

either detector.   

 

Based on the microscope and detector geometry, the diffraction camera length (defined here as the 

distance between the sample and the phosphor) can be adjusted from approximately 1 mm to greater 

than 20 mm, corresponding to potential collection angles from 0 mrad to greater than 1200 mrad.  

Angular resolution of the micromirror array is better than 1 mrad. 

 

Several example diffraction patterns were recorded with all micromirrors oriented towards a CMOS 

camera and without masking, and are shown in Figure 2.  For example, Figure 2a shows a spot pattern 

collected at 30 keV from an oriented Au (100) sample using a 20 mm camera length and 10 s integration 

time.  Two distinct, but offset, spot patterns can be observed.  Figure 2b shows several spot diffraction 

patterns from a stainless steel sample with grains oriented in different directions.  Figure 2c shows  

convergent beam diffraction discs with diffraction contrast in some discs, but not others.  
 

In addition to imaging diffraction patterns, the detector can be used to collect conventional STEM 

images by using the micromirror array to define collection angle(s).  The individually addressable 

mirrors allow for customized effective detector shapes with high angular and temporal resolution.  

Images produced via this detection method will also be presented [3]. 
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Figure 1.  A schematic of the detector. 

 

 

 
Figure 2.  (a) A spot diffraction pattern from oriented Au (100) recorded at 20 mm camera length. 

(b) Various spot diffraction patterns collected from a stainless steel sample with different grain 

orientations. (c) A convergent beam diffraction pattern from a stainless steel sample showing diffraction 

contrast in some discs but not others.  
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