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The high single-electron sensitivity of direct detection cameras for transmission electron microscopy 

(TEM) enables electron counting, where each incident electron is discretely detected, its position is 

localized to pixel or subpixel precision, and its signal is normalized to one [1,2]. Electron counting 

primarily has three advantages over conventional integration mode imaging: (1) The readout noise from 

the detector is minimized due to thresholding, (2) The Landau noise due to variation in the energy 

deposited on the sensor by each incident primary electron is mitigated, and (3) The resolution of the 

camera may be improved (assuming that the position of incident primary electrons can be accurately 

determined). 

 

Recently, we introduced the DE-64 direct detection camera, which has 8192 × 8192 physical pixels with 

6.5 μm pixel pitch, and runs at a maximum framerate of 42 frames per second (fps). As with our previous 

generation direct detectors (such as the DE-12 and DE-20), the DE-64 has high sensitivity and high 

resolution, with signal clearly visible at Nyquist frequency (Figure 1). 

 

Under low exposure conditions (i.e., < 0.05 electrons per pixel per frame), the DE-64 can be run in electron 

counting mode (Figure 2a), using our GPU-based electron counting algorithm. 

 

From a sample of a single frame recorded under this condition with 300 keV primary electrons, we 

measured the event size and total signal recorded on the sensor. For the purposes of the following 

calculations, we set a threshold of 16 counts, so that we assumed any pixel above this value recorded a 

incident primary electron. We found that ~96% of discrete events recorded by the sensor were four pixels 

or smaller in size. Additionally, we fit the total signal recorded on the sensor with the Landau distribution 

(Figure 2b). The average value of the background counts (from areas with no events above the threshold) 

was 1.3. The most probable value of the total counts for discrete events was ~60 (corresponding to a 

signal-to-noise ratio of ~47), and the average counts was ~130 (corresponding to a signal-to-noise ratio of 

~98). Based on the fit of the Landau distribution, we estimate that only ~1% of incident primary electrons 

are “missed” due to signal below our threshold. 

 

To further improve the performance of the camera in counting mode, the DE-64 can be operated with 2× 

hardware binning, resulting in a 13 μm pixel pitch with a 4096 × 4096 readout area and a maximum frame 

rate of 146 fps. Under this condition, we calculated that ~80% of discrete events recorded on the sensor 

were one binned pixel in size. Because the pixel size is well-matched with the point spread function of the 

incident electrons on the sensor, the modulation transfer function (MTF, which we calculated using 

FindDQE [3]) of electron counting with the bin-2× DE-64 is close to the theoretical maximum MTF for a 

pixelated detector (Figure 3a). Visual inspection of an image of a straight edge confirms this high MTF, 

as there is no apparent blur at the edge boundary (Figure 3a inset). Additionally, using the noise-binning 

method [4], we calculated the quantum efficiency (DQE(0)) to be >0.9, which is expected due to the high 

SNR of incident primary electrons on the DE-64 sensor. Therefore, the detective quantum efficiency 

(DQE) of the DE-64 in bin-2× counting mode closely follows the shape of the theoretical maximum DQE 

(Figure 3b). 
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Figure 1.  The top half of the Fourier transform (FFT) of an image of a line grating calibration grid 

collected at 37,000× magnification, corresponding to 1.01 Å/pixel sampling. The 2.36 and 2.04 Å gold 

lattice spacings are clearly visible in the FFT near the edge of the FFT (Nyquist frequency). 

 

 
Figure 2.  (a) A cropped area from a single frame from the DE-64 on a 300 kV TEM with no binning. (b) 

The distribution of total counts from individual events above the threshold of 16 counts recorded on the 

DE-64. The solid line shows the fit of the Landau distribution to the measured data points.  

 

 
Figure 3.  (a) The modulation transfer function (MTF) of the DE-64 on a 300 kV TEM with no binning 

in integrating mode, or with 2×-binning in counting mode. (a, inset) An cropped area from an image of a 

straight edge recorded with 2×-binning in counting mode. (b) The detective quantum efficiency (DQE) of 

the DE-64 on a 300 kV TEM with no binning in integrating mode, or with 2×-binning in counting mode. 


