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Electron Detectors in the SEM 

Figure 8. Wide angle BSE (Robinson) 
(Everhart-Thornley) images 
fractured aluminium sample, 0 
25kV. 

and SE 
of a 
tilt, 

its own appropriate transformation to the image 
formation process. Both images are magnified 
transformations of the specimen. The SE image 
obtained with the E-T detector cannot be regarded 
as the sole accurate magnified representation of 
the specimen. A second transformation using a 
different detector to present a separate image is 
essential to avoid the situations where users 
consider properties of the transformation process 
as accurate representations of the specimen. 

In many situations, the image obtained with 
the E-T detector will be an adequate representa
tion of the specimen. Thi s is particularly true 
of situations where the strong SE signal from 
edges is a desirable feature. This includes 
many high resolution topography imaging si tua
tions and studies of curved surfaces, such as 
cellular structures. In situations where the 
edge signal is too strong, a wide angle BSE 
detector placed above the specimen will not 
produce this strong edge signal and will produce 
images showing improved flat surface contrast. 
These detectors are also desirable when the E-T SE 
image displays charging artifacts. 

The low take-off angle BSE detector with the 
specimen placed in the high field region of a 
condenser objective lens has shown itself to be 
useful for high resolution imaging of highly 
tilted specimens (Wells et al, 1973). Appropri
ately positioned and variable position high take
off angle BSE detectors have been successfully 
employed in stud i es of topography by providing the 
appropri ate illumination conditions ( Reimer et 
al, 1978; Schur et al , 1974). 

If it is desired to observe atomic number 
contrast and the sample can withstand high 
voltages , > 15kV, then the best detector to use is 
a wide angle BSE detector. Wide angle BSE 
detectors give better SIN ratio images and will 
show smaller signal differences - smaller Z 
variations, than narrow angle detectors. The 
Everhart-Thornley detectors, detecting SEs, do 
not show as good a variation with Z as do BSE 
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Figure 9. 

detectors. 

�~� Wide Angle Take Off 
\." 

'/ Narrow, High Angle 

/ Take Off 

Schematic illustration of wide angle 
and narrow high take-off angle BSE 
detection (a) and micrographs of wide 
angle (b) and narrow, high, take-off 
(c) of a sample of a Cu, Fe and S 
containing ore, with a rough surface, 
25kV, 0 tilt. 

BSE detectors mounted to one side of 
the specimen do not show good signal variation 
with Z. 

The one exception to this is if you have 
topography and atomic number contrast variations 
on the same sample and you wish to search for the 
smallest variation in atomic number that can be 
seen above the topography contrast. The best 
detector to use is a high take-off angle BSE 
detector which surrounds the beam and detects only 
those BSEs which have been scattered through close 
to 180 degrees, that is those electrons that have 
come down and been scattered back up towards the 
direction from which they just came. Electrons 
so scattered show very little response to changes 
in topography and as such the signal obtained from 
topography variations is quite small whilst the 
signal variations from variations in atomic 
number is still relatively large. This is 
illustrated in Fig. 9 which shows the wide angle 
BSE detector image and the narrow, high take-off 
angle BSE image of the same region of the same 
sample. Within these limitations, scintillator 
type BSE detectors tend to have a higher S/ N ratio 
than the solid state type. 

Electron channelling contrast has been best 
studied using either high take-off wide angle BSE 
detector or imaging in the specimen current mode. 
Crystallographic orientation effects have been 
best studied using a high take- off , narrow angle 
BSE detector. Magnetic and voltage contrast 
effects are beyond the scope of this paper. 

Conclusions 

Many different types of electron detectors 
are either available commercially or have been 
built for experimental purposes. The Everhart
Thornley detector is by far the most widely used 
detector for imaging purposes in the scanning 
electron microscope. There is a lot of addi
tional information to be gained from using a 
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second type of detector. Over the past few 
years, there has been an increase in the use of 
wide angle b€1ckscattered electron detectors, both 
the scintillator and solid state types. 
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