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     Modern scanning electron microscopes (SEM) are equipped with a field emission gun and the 
specimen is usually immersed in a strong magnetic field in order to reach high resolution. Low energy 
SEM equipped by a beam deceleration system, e.g. cathode lens (CL) [1], can obtain spot size below 
10 nm for landing energy of units of eV [2]. Low energy SEM with a cathode lens has to be combined 
with a focusing lens. Magnetic or immersion-magnetic focusing lenses (with weak or strong magnetic 
field in the specimen plane, respectively) are used in our simulations. These two alternatives are 
compared with regard to their influence on signal electrons. 
     Recent SEM are equipped with several detectors to maximize the collection of signal electrons. 
The commonly used Everhart-Thornley detector [3], side-attached near the specimen plane is 
replaced with an “in-lens” detector (TLD – through the lens detector). The detectors of backscattered 
electrons (BSE) and transmission electrons (TE) are used as well.  
     The BSE detector is placed below the objective lens. The field of the cathode lens not only 
decelerates the primary beam electrons to low landing energies but also accelerates the signal 
electrons towards the BSE detector. BSE emitted under a large polar angle are collimated towards the 
optical axis and are detected. Angle-resolved detection of BSE in low energy SEM can be performed 
e.g. using a detector split into several concentric annuli that can in addition be subdivided into angular 
segments. Elastically reflected BSE escaping through the central bore of the BSE detector may be 
detected by the TLD detector placed inside the objective lens.  
     Transmitted electrons (TE) are detected by the TE detector below the sample. TE can be imaged 
by a bright-field (BF) and dark-field (DF) detector. The DF signal may subdivided into annular dark-
field (ADF) and high-angle annular dark-field (HAADF) images (also called Z-contrast images) [4]. The 
TE detector is divided into the BF circular detector in the center and several concentric annuli around it 
for DF mode imaging. The relative size of the TE detector can be varied by changing the strength of 
the cathode lens field and the field of magnetic objective lens.  
    A simulated arrangement of TLD, BSE and TE detectors is shown in Figure 1. Trajectories of signal 
electrons were traced in the EOD software [5] that allows simulating trajectories of electrons in 
combined magnetic and electrostatic fields. Simulations were done for primary beam energy of 
10 keV, the energy of traced electrons was equal to the landing energy (EBSE = ETE = EL), BSEs and 
TEs were emitted from the sample under a range of polar angles θ = 0°– 90° with 1° step. 
    The range of polar angles of detected signal electrons for the TLD, BSE and TE detectors, as a 
function of the landing energy is shown in Tables 1 and 2. The data were calculated for systems 
consisting of the cathode lens in combination with the focusing immersion-magnetic lens or the 
focusing magnetic lens, the primary beam energy was EP = 10 keV, landing energy varied from 10 keV 
to 5 eV. The simulation results show a strong influence of magnetic and electrostatic fields on the 
collection of signals electron in low energy SEM. 
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Figure 1. Arrangement used in simulations. 

 

 
 

Table 1. Range of detected polar angles of signal electrons of TLD, BSE and TE detectors as a function of the 

landing energy; calculated for the focusing immersion-magnetic lens combined with the cathode lens, primary 
beam energy EP = 10 keV, energy of traced electron E = EL. 
 

 
 

Table 2. Range of detected polar angles of signal electrons of TLD, BSE and TE detectors as a function of the 

landing energy; calculated for the focusing magnetic lens combined with the cathode lens, primary beam energy 
EP = 10 keV, energy of traced electron E = EL. 


