
8 Recent Trends 2012 Recent Trends 2012 9

to the basic exposure SW, Expo.NET. The current is measured using the Faraday cage and the 
pA-meter Keithley 487 through the IEEE-488 bus and the Agilent IEEE-488 to USB 
converter. An example of the current density distribution obtained by this method is in the 
Fig. 3a, while the Fig. 3b shows an equivalent image from a luminescent screen irradiated by 
the starting beam element.

The advantage of this method is that only the 
native parts of the e-beam writer are necessary. 
On the other hand, the drawback is a low signal to 
noise ratio (particularly in the left lower part of the 
starting element). In order to obtain conclusive 
results, a filtering procedure must be included into 
the measurement cycle which disables registration 
of short-term current density variations. We can 
conclude that the described procedure helps us in 
accurate beam adjustments (that is necessary for 
diffractive optics applications, [3]) but it also 
enables studies of the beam source long term 
stability [4].

Figure 2 Principle of the rectangular 
stamp forming (top view).

(a) (b)

Figure 1 Beam forming 
system of the e-beam writer 
Tesla BS 600.

Figure 3 Beam current density distribution: (a) modified 
knife-edge method, filtered output (left); (b) equivalent 
image from the luminescent screen, enhanced contrast (right).
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One of the recent trends in S(T)EM is increasing of the e-beam scanning speed. In general, 
higher speeds decrease object degradation and prevent image artifacts caused by slow 
electrical discharging. However, the increase of the scanning speed is limited by the time 
response of the signal-electron detector [1]. When the detector response is slower than the 
scanning speed, it can have negative influence to the quality of the scanned image, such as 
contrast reduction and image blurring. Usually, the rise and fall edges of the time response 
curve to a square electron pulse have more complex form, such as a multi-exponential 
function of time. Evaluate and compare the time-dependent edges in context of their influence 
on the image quality is rather complicated. Therefore, we propose to express the detector time 
response by the modulation transfer function (MTF), which contains all relevant information. 
It can give the answer to the important question, what maximum scanning speed can be used 
not to significantly decrease the image quality. 

MTF represents relative image contrast as a function of spatial frequency [2]. The spatial 
frequency is expression of the image detail; higher spatial frequencies generally correspond to 
fine details, low frequencies represent global information about the shape. The spatial 
frequency can be expressed in units of cycles per pixel (pixel-1), which means how many 
image alternations from a black point to a white point in the distance of one pixel are 
presented. Thus, the spatial frequency in the units pixel-1 is always lower than 1, because a 
meaningful black-to-white alternation occupies distance above one pixel. 

MTF can be calculated as the magnitude of the Fourier transform of the point spread function 
(PSF). PSF represents a line-scan of one pixel point broadened by the detector time response. 
In this work, PSF of the detector was acquired using the CL device [3] in which the detector 
can be irradiated by electrons for a variable time. Thus, one pixel line-scan can be simulated 
by irradiation for period arising from defined scanning speed. We aimed to measure PSF and 
calculate MTF of a scintillation detector, which is the most used type of electron detector in 
S(T)EM. The scintillation detector used consisted of single crystal scintillator produced by 
CRYTUR, photomultiplier tube Tesla 65-PK-415 and preamplifier Hamamatsu C9663. The 
scintillation detector was alternated using three samples of scintillators: YAG:Ce #1 with high 
concentration of the defect centers, standard YAG:Ce #2, and standard YAP:Ce. 

The fall edges of the time response for the three alternative of the scintillation detector are 
shown in Fig. 1. One can conclude that the curve with the shorter decay (YAP:Ce) is better 
for fast scanning. However, these curves don’t contain any explicit information about the 
resulting image. MTFs for a specific scanning speed are drawn in Fig. 2. The MTF curve with 
bigger area under the curve represents higher image contrast for higher spatial frequencies. In 
addition, the spatial frequency 0.5 pixel-1 corresponds to difference between two image pixels, 
so MTF at this spatial frequency is particularly important. 
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In Fig 3 is shown that the contrast between the adjacent pixels increases with the decreasing 
scanning speed. The influence of the speed increase on contrast between two pixels is 
depicted in Fig. 4. This graph answers the question what maximum scanning speed can be 
used, if one requires contrast between two pixels at least, let say, 50 %. To conclude, MTF 
seems to be very useful to express the influence of the detector time response on the resulting 
image quality. For complete detector evaluation, MTF should be extended by the DQE 
function, which quantifies the noise performance of the detector. 

  
Figure 1 The fall edges of the time response 
to 100 ns square electron pulse of the three 
scintillation detector alternatives. 

Figure 2 MTF of the three scintillation 
detector alternatives. The scanning speed is 
100 ns/pixel. 
 

  
Figure 3 MTF of the scintillation detector 
using YAP:Ce for various scanning speeds. 

Figure 4 MTF at spatial frequency 0.5 pixel-1 
as a function of the scanning speed. MTFs are 
drawn for the three scint. detectors alternatives. 
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Three-dimensional (3D) scanning electron microscope (SEM) imaging of various samples rang-
ing from nanometers to micrometers has recently become an important field. There is already
a significant number of applications, yet many new are emerging. Quantitative measurement
of surface wear and durability is indispensable e. g. for the future machine industry. 3D SEM
reconstruction can provide extensive amount of information about volume changes and material
transfer in inspected surfaces, which makes it one of the most suitable tools to measure wear.
This technique is even more important, when such measurements are carried out in the nanome-
ter scale. Semiconductor industry demands 3D metrology at the best possible resolution, where
the 3D reconstruction is also essential for various applications.

3D reconstruction may only be rigorously applicable in metrology, when its accuracy has been
assessed. Processing of a well-known sample would clearly furnish the most straight-forward
method to evaluate a 3D-reconstruction technique. However, real images alone are not sufficient
for several reasons. Firstly, all 3D measurement techniques suffer from inaccuracies and errors.
Moreover, some of them may alter the sample adding more uncertainty after the processing.
Performance of SEM imaging also varies and is strongly affected by drift, charging, noise, edge-
effects, blur, etc. These effects are mostly random and thus also randomize the uncertainties.
Therefore, the accuracy of the 3D-reconstruction technique itself would be uncertain due to the
uncertainty of the input data.

Application of SEM image simulation eliminates the above mentioned issue. The sample is
modeled and thus is entirely determined. The error of the SEM images including their in-
accuracies are also completely defined. Therefore, the uncertainties may be thoroughly and
accurately investigated in contrast with utilization of real images. Within this work, the SEM
images have been simulated by a Monte-Carlo technique implemented at PTB [1].

This assessment method is universal and works with any 3D-reconstruction technique. In this
work, the selected technique [3] (MeX software) is based on photogrammetry. The relocations
of features in differently tilted SEM images of the same sample location provide the height in-
formation. Cross-correlation algorithms detect position of matching features providing a height
map which is then interpolated across the entire field of view. This technique is thus clearly
sensitive to lack of topography. Another possible 3D-reconstruction technique employs four
off-axis detectors with different azimuthal angles. Differences in the grey level indicate incli-
nation and directional angle.


