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Abstract 
 
During the ‘Bachelor eind project’, several things have been investigated. At first, a delay 
measurement has been carried out, to investigate the 50 Hz noise signal which is present in the 
setup. This procedure provides an accurate way to investigate the shape of the noise signal, 
providing more insight into the origin. Secondly, a new alignment method for the solenoid was 
implemented, which was adapted from Kreier et al. [1]. The method is based on the magnetic field 
properties of the solenoid. The new alignment procedure is more precise and is a lot faster 
compared to the previous method as describe in [5].  
 
After the new alignment procedure, several EELS measurement have been conducted. The effect of 
averaging multiple images of the same measurement has been investigated. The analysis of 
averaging images gives more insight into the intensity distribution of the energy loss tail. If only one 
image is used, the difference in intensity between the loss tail and the noise is less clear, but 
averaging over multiple images increases the difference and eventually a clear distinction can be 
made. 
 
Furthermore, the effect of physically blocking the useless part of the signal has been investigated. 
Because of the 50Hz noise in the setup only a small part of the signal is used on which the influence 
of the noise is negligible. This is done by periodically deflecting the electrons downwards using an 
electric plate capacitor, called a beam blanker, synchronized to the 50 Hz noise. Unfortunately, these 
blanked electrons still add a small contribution to the noise for the small segment which is used to 
perform EELS measurements. In order to resolve this problem, a set of steering coils has been used 
to block the lower blanked part of the signal. To make sure that this has no negative effect on the 
small segment which is used to perform an EELS measurement, an EELS graph was made for both 
situations. Fortunately, the same information could be retrieved using a signal with no physical 
blocking and using the signal with the physical blocking. For both methods used during the cross-
grating measurement, a full width half maximum of the zero loss peak ∆𝐸𝐸 = 4 ± 1 eV was obtained. 
The location of the plasmon, which is caused by excitation of plasmons in the sample, is located 
around 20 eV. An EELS measurement has also been done on a graphite sample for which a FWHM of 
the zero loss peak ∆𝐸𝐸 = 6 ± 1 eV was obtained. The location of the plasmon peak is also located 
around 20 eV. 
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1. Introduction 
 
1.1 Electron energy loss spectroscopy 
 
Electron energy loss spectroscopy is a commonly used technique to gain information about a 
specimen. During the measurement an electron beam interacts with a sample. The electron which 
goes through the sample might lose some energy to the specimen. The energy loss can be displayed 
in an electron energy loss spectroscopy (EELS) diagram. A typical EELS measurement is displayed in 
the figure below. 
 

 
Figure 1 EELS spectrum of a YBa2Cu3O7 specimen, displaying the zero loss peak, plasmon peak and ionization edges [4]. 

From the figure above, one can determine the zero loss peak, which accounts for the electrons that 
do not lose energy to the specimen. The plasmon peak accounts for the electrons which couple with 
the generated electric field fluctuation [6].  
 
The main goal of the research at CQT is to perform EELS using a pulsed electron beam, synchronized 
to a laser pulse. In this way, dynamics in the sample can be investigated in a pump-probe type of 
setup at sub-picosecond timescales. The CQT department performs EELS with the usage of 
microwave cavities in the setup. The properties of the microwave cavities and their influence on the 
electron beam will be discussed in section 2.2. 
 
1.2 Project goal 
 
The purpose of this research is to improve the setup and to investigate the current limitations. To 
get more information from an EELS measurements besides the zero loss peak and the plasmon peak, 
the signal of a higher energy loss still needs to be distinguishable from the noise. As the energy loss 
increases, the number of counts decreases rapidly, as can be seen from figure 1. In order to still 
obtain valuable information, several methods have been tested in order to increase the difference 
between the obtained signal and the noise.  
 
Another important aspect is the alignment procedure for an EELS measurement. It still remains a 
hard task to obtain a sufficient resolution. In order to fasten the alignment process, a new method 
for aligning the beam through the solenoid has been tested.  
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At last, the noise in the has been investigated and a new measurement has been performed to 
visualize the noise signal.  
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2. Theory 
 

2.1 Electron interaction principles 
 
The purpose of EELS is to investigate the interactions of electrons with a sample. From the energy 
loss of the electron, properties of the sample can be derived. Firstly, if an electron does not scatter 
from the sample, no energy is lost when the electron reaches the detector. This will result in the so-
called zero loss peak.  
 
Secondly, there are two different ways of particle interaction, elastic and inelastic scattering. Elastic 
scattering is a process in which an electron is repulsed by the coulomb force from a heavy nuclei in 
the sample. During this process the direction of the electron is changed. However, the energy is 
conserved. The electrons which experience an elastic scattering end up at the zero loss peak.  
 
An example of an inelastic scattering process is the excitation of an electron in the sample. In the 
case of an excitation of an inner shell electron, this process causes the incoming electron to lose a lot 
of energy, typically hundreds of electron volts [5].  
 
Another possibility is the excitation of the outer shell electrons. This process causes the electron to 
lose far less energy. When an outer shell is excited, it leaves a net positive charge, causing an 
electrostatic field fluctuation. When an incoming electron couples with the generated electric field 
fluctuation, it will lose some energy. The loss of energy is equal to energy of the quantum of a 
plasmon [6]. The plasmon is a quasi-particle describing the process above. The energy is of a 
plasmon is typically 5-30 eV [4].  
 

2.2 Electron-optical elements 
 

As mentioned before, CQT uses microwave cavities to influence the electron beam. By solving the 
Maxwell equations for a cavity, the desired electric and magnetic field properties can be obtained. 
The shape of the cavities determines the magnetic and electric field properties. There are 3 
microwave cavities placed in the setup, their properties will be discussed in more detail in sections 
2.2.1 and 2.2.2 
 
2.2.1 TM110 
 
For cylindrical cavities, the longitudinal component of either the electric field, 𝐸𝐸𝑧𝑧 or the magnetic 
field, 𝐵𝐵𝑧𝑧 is equal to zero. If 𝐵𝐵𝑧𝑧 is equal to zero the electromagnetic field inside the cavity is called a 
transverse magnetic (TM) mode. If the electric field is zero, the field in the cavity is a transverse 
electric (TE) mode. The different TE and TM modes can be characterized by the three integer values 
l,m,n [7]. These values characterize the magnetic and electric field properties. In this experimental 
setup two different cavities have been used.  
 
The first cavity in the setup is the TM110, the electric field of this cavity is given by [8]: 
 

 𝐸𝐸𝑧𝑧 = 2𝑐𝑐𝐵𝐵0𝐽𝐽1(𝑘𝑘𝑘𝑘)cos (𝜃𝜃)sin (𝜔𝜔𝜔𝜔). (1) 
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In this equation, c is the speed of light, 𝐵𝐵0 is the magnetic field amplitude. 𝐽𝐽𝑛𝑛 is the nth order Bessel 
function. r and 𝜃𝜃 are the cylindrical coordinates. 𝜔𝜔 is related to the resonant frequency according to: 
 

 𝜔𝜔 = 2𝜋𝜋𝑓𝑓0 (2) 
 
𝑓𝑓0 is the resonant frequency of the cavity. The radial magnetic field is given by [8]: 
 

 𝐵𝐵𝑟𝑟 = 2𝑐𝑐 𝐵𝐵0
𝑟𝑟𝑟𝑟
𝐽𝐽1(𝑘𝑘𝑘𝑘) sin(𝜃𝜃) cos(𝜔𝜔𝜔𝜔). (3) 

 
 
The azimuthal magnetic field: 
 

 𝐵𝐵𝜃𝜃 = 2𝑐𝑐 𝐵𝐵0
𝑟𝑟𝑟𝑟
𝐽𝐽1(𝑘𝑘𝑘𝑘)cos (θ) cos(𝜔𝜔𝜔𝜔). (4) 

 
 
A visual representation of the electric and magnetic fields are displayed 
 

 
Figure 2 Vector representation of the magnetic (left figure) and electric field (right figure) in the TM110 cavity [5].  

From the figure above, two interesting features need to be highlighted. At first, the magnetic field in 
the centre of the cavity generates a Lorentz force on a particle moving through the cavity according 
to: 
 

 𝐹𝐹𝐿𝐿����⃗ = 𝑞𝑞�⃗�𝑣 × 𝐵𝐵�⃗ . (5) 
 

 
The velocity of the particle is given by �⃗�𝑣, the direction of the magnetic field is given by 𝐵𝐵�⃗ . The charge 
of the particle is given by 𝑞𝑞. From equation 5 it follows that a Lorentz force acts on the electron, 
which deflects the electron away from the centre. Because of the sinusoidally changing fields inside 
the cavity, the electron beam is deflected back and forth periodically.  
 
Secondly, only in the centre of the cavity, the electric field is zero. Therefore, it is important that the 
electrons are aligned through the centre of the cavity, otherwise the electric field will influence the 
velocity of the outcoming electrons.  
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2.2.1.1 Chopping cavity 
 
As mentioned above, the continuous electron beam is streaked vertically, when placing a aperture 
behind the streaking cavity, the continuous beam is chopped into pulses. From each cycle of the 
cavity, two electron pulses are created. Only one of the pulses will be used to perform an EELS 
Spectroscopy measurement. The reason for this will be discussed in section 2.2.2 This process is 
displayed in the figure below. 
 

 
Figure 3 The effect of a TM110 cavity in combination with an aperture on the electron beam [8]. 

 
2.2.1.2 Streaking cavity 
 
Another purpose of the cavity is to separate the electrons according to their arrival time. If electrons 
which have the same energy would enter the TM110 cavity at the same time, the position after the 
cavity would be the same. In this way the position of the electrons at the screen could be related to 
the arrival time and eventually the energy of the electron. In figure 4, this process is visualised. 

 
Figure 4 The effect of the streaking cavity on an electron pulse [5]. 

How to relate the position at the detector to an energy loss will be discussed in section 2.3 
 
2.2.2 TM010 
 
To increase the resolution of the energy resolution at the detector, a TM010 cavity is placed into the 
setup. The electric field of the TM010 cavity is given by [8]: 
 

 𝐸𝐸𝑧𝑧 = 𝐸𝐸0𝐽𝐽0(𝑘𝑘𝑘𝑘) cos(𝜔𝜔𝜔𝜔). (6) 
 

 
𝐸𝐸0 is the electric field amplitude, 𝐽𝐽𝑛𝑛 is the nth order Bessel function, 𝑘𝑘 is the wavenumber, 𝑘𝑘 is the 
radial direction in cylindrical coordinates. The magnetic field is given by: 
 

 𝐵𝐵𝜃𝜃 = 𝐸𝐸0
𝑐𝑐
𝐽𝐽1(𝑘𝑘𝑘𝑘) sin(𝜔𝜔𝜔𝜔). (7) 
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In the figure below the electric field and magnetic field are graphically displayed. 

 
Figure 5 Vector representation of the magnetic (left figure) and electric field (right figure) in the TM010 cavity [5]. 

The most important property of this cavity is the electric field component. Because of the alternating 
electric field, a time-dependent accelerating or decelerating force can be exerted on the electrons. 
When temporally aligned with the electron pulse, this force will decelerate the front and accelerate 
the back of the electron pulse, causing it to compress in time. It is therefore possible to decrease the 
pulse length which increases the resolution on the detector. The effect of the TM010 cavity on the 
phase space is displayed in the figure below. Within the focus of the compression cavity, the 
different energy losses at the sample become temporally separated. By placing this focus in a 
streaking cavity, this separation can be measured. 

 
Figure 6 The phase space of the electron bunch. First, the pulse goes through the TM010 cavity, as explained, the front of 
the pulse is deaccelerated and the back of the pulse is accelerated. This causes the vertical shear in phase space.  After a 
specific drift distance the electrons which have the same energy before entering the TM010 cavity align vertically when 
entering the streaking cavity. 

As mentioned in section 2.2.1.1, each cycle of the TM110 cavity creates two electron pulses, but only 
one pulse will be used to perform EELS measurements. As explained, the TM010 decelerates the 
front and accelerates the back of the electron pulse. This will focus the beam in a longitudinal 
direction, decreasing the pulse length. However, the second electron pulse will be longitudinal 
expanded. The pulse length will increase which has a negative effect on the resolution of the EELS 
measurement. This is the reason why only one of the two electron pulse is used. 
 
2.2.3 Solenoid 
 
In order to obtain a sufficient resolution, the beam needs to be focused on the detector. This can be 
done by using a solenoid. In the figure below the magnetic field in a solenoid is displayed.  
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Figure 7 Magnetic field lines in a solenoid [3]. 

If an incoming charged particle has a velocity component perpendicular to the magnetic field, a 
Lorentz force acts on the electron. At first, the radial magnetic field causes a azimuthal force. This 
force generates an azimuthal velocity, which causes a rotation. Because the azimuthal velocity is 
perpendicular to the longitudinal field, a radial force arises and the electron is focused towards the 
centre. The radial magnetic field decreases the azimuthal velocity to zero, at the end of the solenoid. 
Eventually, a rotated focused beam remains after passing through a solenoid. By alternating the 
current through the solenoid, the focal point can be adjusted.   
 

2.3 Tof-EELS 
 
As explained in the theory section, microwave cavities can be used to influence the electron beam. 
The ToF-EELS setup method is displayed in the graph below. 

 
Figure 8 an overview of the ToF-EELS method with three cavities in the setup [5].  

Firstly, the continuous electron beam is chopped into pulses by the TM110 cavity, see section 2.2.1.1. 
The electrons then interact with the sample, after which the compression cavity is used to vertically 
shear the phase space of electron pulse. After a specific distance, the electron pulse will be 
temporally distributed according to their initial velocity at the entrance of the streaking cavity, as 
explained in section 2.2.2. At last, the electron pulse goes through the second TM010 cavity, which 
transforms the temporal distribution into a transverse distribution on the detector. 
 
To get from an intensity distribution at the detector to an actual EELS measurement, the position 
needs to be coupled to an energy loss. Firstly, the total length of the streak needs to be determined. 
This is done by turning off the first and second cavity. What remains is the entire streak length 
caused by the third streaking cavity. The full streak length is called 𝜆𝜆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓. 
 
The position on the detector is ∆𝑥𝑥, which is in reference to the  x-coordinate from the maximum of 
the zero loss peak . The equation for the relation between the position and the energy loss is given 
in equation 8, for full derivation see [5]. 
 

 ∆𝐸𝐸 = 𝐸𝐸𝑘𝑘(𝛾𝛾2 + 𝛾𝛾) 2∆𝑥𝑥
𝑟𝑟𝑡𝑡0𝜆𝜆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

 (8) 
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𝐸𝐸𝑘𝑘 is the energy of the electrons when they leave the electron gun, for the current setup the kinetic 
energy of the electron is 30 keV. Because of the high velocities of the electron, an relativistic 
correction needs to be considered that depends on the Lorentz factor gamma of the electrons. 𝜔𝜔0 is 
the average unperturbed time of flight from the second to the third cavity. ∆𝐸𝐸 gives the energy loss 
on the x-axis. 
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3. Experimental setup 
 
3.1 ToF-EELS setup 
 
In the figure below, the experimental setup is given. 

 
Figure 9 An overview of the current set up used to perform an EELS measurement [5]. 

The continuous electron beam is created at the electron gun, after which the electrons are 
accelerated to an energy of 30 KeV. The electrons then go through a focussing column consisting of a 
condenser lens, with which the intensity of the beam can be adjusted and an objective lens, which is 
used to focus the electron beam. The focal point is placed inside the centre of the first streaking 
cavity in order to obtain an optimal beam quality [8]. A set of steering coils is used to align the beam 
through the centre of the first TM110 cavity. After the first cavity, a slit is inserted to chop the beam 
into pulses, as explained in section 2.2.1.1. After the slit, the beam goes through a sample. Currently, 
two samples are available to perform an EELS measurement, a thin layer of graphite and a typical 
calibration sample called a cross-grating, which consists of a polycrystalline gold layer deposited on 
amorphous carbon.  
 
Next, the beam passes a set of steering coils and the second cavity, which is used to compress the 
pulse length. After the compression cavity, the beam is sent through a solenoid which focusses the 
electrons through the last cavity, onto the detector. After the first and second cavity, phosphor 
screens can be placed inside the beam line, to check the alignment and if the signal is not blocked. 
The process of alignment will be discussed in the section below. 
 
3.2 Alignment of the setup 
 
3.2.1 TM110 Cavity 
 
As previously mentioned it is important that the electron beam goes through the centre of the 
streaking cavity, otherwise the electric field generated in the TM110 cavity will affect the electron 
beam. It is possible to check whether this actually happened by inserting a phosphor screen after the 
first streaking cavity. By using a set of steering coils, the edges of the cavity could be allocated. After 
finding the edges, the centre of the cavity can be determined. 
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3.2.2 TM010 Cavity 
 
After the first cavity, the electron beam is sent through the compression cavity. The cavity has to be 
synchronized with the first cavity to reach the maximum longitudinal focussing. In order to get the 
cavities to operate in phase, phase shifters are being used. As mentioned before the second cavity 
will slow down the front of the electron pulse and accelerate the back of the electron pulse. The 
phase shifter needs to be adjusted in a way that the centre of the streak remains at the same 
position at the detector when the second cavity is turned off. If the two spots intersect, the phase of 
the second cavity is correct. 
 
3.2.3 Second TM110 Cavity 
 
The purpose of the last cavity is to separate the electrons according to their energy. In the figure 
below an example of a full streak length is displayed. 

 
Figure 10 Full streak length of the TM110 cavity. 

The third cavities spreads the electrons as function of their arrival time. The phase shifter of the 
third cavity needs to be adjusted in a similar way to the phase shifter of the second cavity. This 
means that the position of the centre remains unaltered after turning off the third cavity.  
By using equation 8, the position of the electron can be coupled to the energy loss. 
 
3.3 Improved solenoid alignment 
 
In order to get a high resolution on the detector, it is important to get the electrons through the 
centre of the solenoid in order to minimize the aberrations in the focussing of the electron beam. A 
method to improve the alignment through the solenoid was postulated in Kreier et al. [1].  
According to equation 5 , the electron will experience a Lorentz force only when the direction of the 
velocity is perpendicular to the magnetic field. As explained in section 2.2.3, the solenoid will focus 
and rotate the incoming electron pulse. Reversing the current of the solenoid will cause the electron 
pulse to rotate in the other direction. This feature of the solenoid is being used to align the electron 
pulse through the centre of the solenoid. In this project two sets of steering coils have been used to 
adjust the beam, instead of translating and rotating the solenoid. This changes the procedure 
postulated in the paper. The procedure for alignment consist of 3 steps. 
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1. Turn off the current in the solenoid to see the position of the electron beam. The centre of 
the beam spot when the solenoid is turned off is called the centre position. 

2. Turn on the solenoid to the desired strength, and start the alternating program, which 
alternates between the positive and negative value of the desired current. 
Adjust the steering coil closest to the solenoid in order to the get the two spots intersecting. 
By adjusting one steering coil while the other is at a fixed value, a cross figure can be made. 
However, the position of this cross is displaced compared to the position of the beam with 
the solenoid turned off in case of improper alignment. An example of a misaligned and a 
properly aligned solenoid are displayed in figure 11 and 12 respectively. Turn off the 
solenoid and compare the coincidence spot with the centre position. Adjust the position of 
the centre position using the set of deflectors placed further away from the solenoid to the 
coincidence position. 

3. Repeat step 2 until the centre position and the coincidence spot overlap.  

 

 
Figure 11 Example of a totally misaligned solenoid, each picture contains an overlay of six pictures [1].  

As is clear from the figure 11, the solenoid is not yet properly aligned, the two lines do not even 
intersect. An example of a well aligned solenoid can be found in the figure below, which shows the 
position of the electron beam on the phosphor screen for both positive and negative solenoid 
currents. 
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Figure 12 Example of a colour coded cross figure, created by varying the closest steering coil. Colour coding corresponds to 
the current through the steering coil. 

The figure above displays the two spots which are created by reversing the current through the 
solenoid. As mentioned before, the cross figure is created by changing the current in the steering 
coil which is closest to the solenoid. The graph is colour coded to show how the position of the spots 
changes when the current of steering coil is adjusted. The intersection point of the cross figure 
represents the coincidence point. If the coincidence point remains at the same position as the centre 
point when the solenoid is turned off, the solenoid is well aligned.  
 
The Kreier et al. method is more efficient and more precise compared to the previous method. The 
previous method used a comparable procedure, except that only a positive voltage was used. On top 
of that, the voltage needs to be adjust manually from 0 to 1.20V which takes more time. For the 
Kreier method an existing program was modified to get the voltage in the solenoid alternate 
between 2 values.  
It is mentioned that the TM010 cavity has focussing properties, therefore it is important for the 
resolution of EELS measurement that the power in the solenoid is adjusted accordingly. Changing 
the power in the TM010 cavity will alternate the alignment through solenoid if the electron beam is 
not going through the centre of the second cavity. Because of this, the solenoid alignment and cavity 
alignment methods have to be alternated to achieve the complete alignment of the setup. 
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4. Results and discussion 
 

4.1 Investigating the external noise 
 
In order to investigate the continuous 50 Hz noise signal and to gain more information about the 
shape of the 50 Hz signal, a beam blanker is placed into the setup. A beam blanker is a plate 
capacitor, in which a short electric field can be generated. The electric field generates a force which 
will push the electrons downwards. By synchronizing the beam blanker to the 50 Hz of the power 
grid, a single segment can be separated from the rest of the signal, allowing for noise free 
measurements to be conducted. The result of using a beam blanker is displayed below. 

 
Figure 13 Disturbed signal with a small blanked segment of the electron pulse. 

 
The position of the non-blanked signal needs to be determined as a function of time. By adjusting 
the delay between the voltage on the beam blanker and the synchronization signal, electron pulses 
arriving at different times are deflected. In the figure below the y position of the non-blanked part of 
the signal is displayed. 
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Figure 14 y-position of the non-blanked segment as function of the delay. 

From the figure above, the shape of the noise is clearly visible. A further investigation on the signal 
might lead to an explanation for the shape of the noise. In the figure below, the x-coordinate of the 
non-blanked signal as function of the delay is displayed.  
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Figure 15 x-position of the non-blanked signal as function of the delay. 

From figure 15, it seems that this 50 Hz signal is less complicated compared to the disturbance in the 
y-direction. As for the y-direction, further investigation on the signal might lead to an explanation for 
the shape of the noise. It also seems that the noise signal is continuous instead of discrete. As 
proven, the delay measurement is very useful to determine the shape of the noise signal in the x- 
and y- direction. It also proves that the noise signal is continuous instead of discrete which was 
assumed before. 
 

4.2 EELS measurements 
 
After improving the alignment method and investigating the shape of the noise signal, two methods 
for improving the quality of the EELS signal were investigated. In order to improve the quality of the 
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signal, an investigation of the effect on physically blocking the blanked signal has been performed. 
As previously mentioned, the beam blanker is being used to separate a small part from the electron 
beam in order to circumvent the 50 Hz noise from influencing the measurement. However, since the 
blanked part is much more intense than the energy loss part of the unblanked signal, the blanked 
part can still be visible in the measurement. It is therefore important to investigate what happens 
when this useless part is physically blocked by the third cavity. Secondly, the intensity of the 
electrons with a higher energy loss are hard to distinguish from the noise signal. In order to increase 
the difference in intensity, the effect of averaging over multiple images was investigated.  
 

4.2.1 Physically blocking noise 
 
In the figure below, the left graphs displays the average of 10 photos from a cross grating sample 
without physically blocking the blanked part of the signal. On the right figure, the same 
measurement was done with physically blocking the blanked part of the signal.  
 

  
Figure 16 In the left figure, the summation of 10 individual photos from a cross grating sample without physical blocking of 
the noise signal is displayed on logarithmic scale. In the right figure, the summation of 10  individual photos from a cross 
grating sample with physical blocking of the noise signal is displayed on logarithmic scale. 

From the figure above it is clear that the blanked part has influence on the intensity distribution of 
the non-blanked part. It is therefore interesting to investigate the effect on the EELS measurement, 
regarding the width of zero loss peak, the location of the plasmon peak and the energy loss tail. Both 
graphs are being cropped in the same way in order to leave out the blanked part of the signal for the 
graph without physical blocking. In the figure below both graphs are displayed.  
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Figure 17 EELS measurement  a cross grating sample with and without physically blocking the noise signal, using 10 photos.  

From figure 17, it follows that physically blocking has a positive effect. The signal which is not 
blocked reaches the intensity level of the noise earlier. It is therefore not possible to gain 
information from the part of the signal with a higher energy loss. By physically blocking, it is possible 
to gain more information about the part with a higher energy loss. This is due to the fact that the 
noise signal is filtered out. In this way, the difference in intensity when the energy loss increases still 
remains significant. As is clear from figure 17, the location of the plasmon peak remains unaltered. 
The FWHM of the zero loss peak for the cross grating sample with and without physical blocking are 
displayed in the table below. 
 
 
Table 1 FHWM of the zero loss peak from a cross grating sample with and without physical blocking 

Quantity FWHM of the zero loss peak 
without physical blocking (eV) 

FWHM of the zero loss peak 
with physical blocking (eV) 

Value 4 ± 1 4 ± 1 
 
 

4.2.2 Averaging 
 
In the figure below, the effect of averaging multiple images obtained from a graphite with physical 
blocking of the signal and a cross grating sample without physical blocking are displayed. 
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Figure 18 EELS measurements of a graphite sample with physical blocking, using a different number of images placed on 
top of each other. 
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Figure 19 EELS measurement from a cross grating without physical blocking, plotted on a logarithmic scale using a different 
amount of pictures. 

From figure 18 and 19, it is clear that the loss tail becomes more accurate when the number of 
photos increases. As mentioned before, the loss tail decreases rapidly and the difference between 
the noise and the signal becomes less clear. By averaging multiple images, this effect can be 
reversed. The difference in intensity at the higher energy loss is caused by the physical blocking of 
the blanked signal, which is done by the graphite sample but not with the cross grating sample. As is 
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clear from the figures above, averaging does not alter the width of the zero loss peak and the 
location of the plasmon peak. It is therefore a suitable procedure to average the signal using 
multiple images. The value of the plasmon peak and the FWHM of the zero loss peak are displayed in 
the table below. 
 
Table 2 The energy of the plasmon peak and the FWHM of the zero loss peak from a graphite sample with physical blocking 

Quantity Plasmon peak (eV) FWHM of the zero loss peak (eV) 
Value 19 ± 1  6 ± 1 

 
Table 3 The energy of the plasmon peak and the FWHM of the zero loss peak obtained from a cross grating sample without 
physical blocking. 

Quantity Plasmon peak (eV) FWHM of the zero loss peak (eV) 
Value 19 ± 1 4 ± 1  
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5. Conclusions and Outlook 
 

5.1 conclusions 
 
From the results discussed in section 4, several conclusions can be drawn. At first, averaging over a 
larger number increases the difference between the signal of interest and the noise. This is a useful 
method to obtain more information on the part of the signal with a higher energy loss.  
 
Secondly, the delay measurement is suitable for investigating the shape of the 50 Hz noise signal. 
When a magnetic field corrector is used to diminish the noise in the setup, the effect can be 
visualised using the delay measurement.  
 
Thirdly, physically blocking the blanked part of the signal has a positive effect on EELS measurement. 
It is possible to distinguish the signal from the noise for higher energy losses compared to the EELS 
measurement without physical blocking of the noise signal.  
 

5.2 Outlook 
 
In order to perform better and especially more efficient EELS measurement several aspects of the 
setup need to be investigated or improved. Firstly, the resolution at the detector varies each day, 
with a unknown cause, this remains the biggest challenge to be understood. It might therefore be 
helpful to investigate the relation regarding the focussing of the solenoid and the compression 
cavity. As previously mentioned, the second cavity has a focussing property due to the fringe fields 
at the edges. When the electron beam does not go through the centre of the cavity, the fringe fields 
will cause a focusing of the electron beam. If the power in the second cavity is varied, the alignment 
through the solenoid will change, which can deteriorate the resolution at the detector.  
 
Secondly, because of the slow varying magnetic field, the quality of the each picture taken at the 
detector might be different. Because the edges of the third cavity can easily block a part of the 
signal, a slowly varying magnetic field might block a part of the spectrum which is present in other 
pictures. To get rid of the slowly varying magnetic field, a field corrector has been designed, 
unfortunately the working of this device has never been tested. It might be useful to perform an 
EELS measurement with the magnetic field corrector and test if the slowly varying magnetic field is 
corrected by the regulator. 
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