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Advancements in the field of scanning electron microscopy have been one of the major 

nanotechnology enablers. A scanning electron microscope (SEM) generates a magnified image of the 

sample by bombarding it with an electron beam and detecting the electrons that scatter off the 

surface along with the electrons that are generated in the sample [1]. In conventional SEMs, the 

generated or secondary electrons (SEs) are detected by the widely adopted Everhart-Thornley 

detector via a positively biased input-grid [2]. However, in doing so, the energy and angular 

information of the generated electrons are lost. In addition, this detector collects other tertiary 

electrons that have been generated by the specimen chamber walls by energetically backscattered 

electrons, thus reducing the signal quality obtained. Preserving the energy and angular information of 

the emitted SEs is crucial to interpret the SEM image of the sample under study [1]. Thus, a small 

scale detector is required that can preserve this information and the performance of which is little 

affected under the influence of ambient electrostatic and magnetic fields inherent to electron 

microscopes. In this work we propose the use of the lesser known Bessel box (BB) electron energy 

analyser (EEA) [3]. 

The BB essentially acts as band pass filter. Thus it detects and analyses a fraction of the emitted 

electrons at a given point in time. It has a very simple cylindrical geometry with 3 electrodes (figure 

1a): a hollow central cylinder and two caps with input/output apertures. The voltages applied to these 

electrodes are responsible for the band pass filtering action of the BB. In this work the BB is used in 

retarding field configuration, wherein, the central and output electrodes are shorted and negatively 

biased. The input electrode is grounded. The retarding field experienced by the electrons in the BB 

ensures that only a narrow band of energies are focussed at the output aperture (figure 1b) onto the 

anode electrode (detector). The lower energy electrons are repelled back (figure 1c) and the 

unfocussed higher energy electrons are stopped by the output-electrode wall. There are some higher 

energy on-axis electrons collected by the anode because the BB EEA has no focussing effect close to 

the axis owing to the cylindrical symmetry of the retarding field (figure 1d). We have designed, 

fabricated and tested a prototype of such a BB with 10 mm x 10 mm aluminium plates. A 5 mm thick 

plate was used for the central cylinder and 0.2 mm thick plate for the input, output and anode 

electrodes.  These plates were separated using ceramic spacers. This assembly was mounted in a 

dedicated ultra-high vacuum chamber which was furnished with tuneable hot cathode electron gun. 

The BB retarding field was established using a high voltage power supply (Kepco OPS 2000) which 

was controlled using a low voltage DC power supply (Keithley 2460). The energy filtered electron 

current was measured via a pico-ammeter. Trajectory simulations were also performed for the 

current setup using SIMION 8.1 [4]. 

The BB design is to be used for the detection and analysis of SEs in an SEM. In this work we focus 

on experimentally characterising the unit by firing electrons with a given energy and a narrow 

angular distribution (Δθ ~ 0.5
o
) into the input aperture. The band-pass filtering action is

demonstrated in figure 2a, wherein a peak energy of 1534 eV is determined for a retarding voltage of 

-1500 V. The error in measurement is estimated to be 10% of the peak value. Furthermore, we were

able to tune the peak band-pass energy by varying the voltage on the BB electrodes. A linear

relationship between peak-pass energy and the Bessel voltage is established by simulated and

experimental results as shown in figure 2b.



In conclusion, we present simulated and preliminary experimental results on the performance of the 

proposed mini analyser. A linear scan on the electrode voltages results in linearly shifting the 

detected peak-pass energy. Owing to its small size, it is to be used for the collection of secondary 

electrons very near to the sample, alleviating the effects of electrostatic and magnetic stray fields on 

the trajectory of the electrons. 
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Figure 1 (a) Simulation of electron trajectories inside the BB. (b) For a given set of voltages, the BB 

focusses electrons at the output aperture, which are collected by the anode plate. (c) Lower energy 

electrons have insufficient energy to reach the anode. (d) The BB is not able to focus higher energy 

electrons, however, on-axis electrons do pass through.  
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Figure 2 (a) Experimental normalized anode currents (to peak anode value) for the BB biased at -

1500 V. An experimental peak energy of 1534 eV is observed. The error in the count for each point 

is estimated to be about 10% of the count. (b) The peak pass energy can be tuned linearly by varying 

the BB voltage as demonstrated for simulated and experimental results. 
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