
Have a closer look at electron microscopy  
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WEMC is a facility of  
Wageningen University & Research  
which provides researchers and students 
of WUR and also external users access to 
electron microscopes and related 
instrumentation. 

Wageningen Electron Microscopy Centre 



Electron Microscopy 
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Microscopy 
is the science of obtaining 
magnified images of samples in 
order to reveal otherwise invisible 
details and better understand their 
morphology and structure. 
  
 

Composition: Elementary particle Classification: Fermion Interactions: 
Electromagnetism, Gravity, Weak interaction 

Electrons belong to the first generation of the lepton particle family,[9] and are generally thought to be 
elementary particles because they have no known components or substructure.[1] The electron has a mass 
that is approximately 1/1836 that of the proton.[10] Quantum mechanical properties of the electron include 
an intrinsic angular momentum (spin) of a half-integer value in units of ħ. This means that it is a fermion, and 
so no two electrons can occupy the same quantum state, in accordance with the Pauli exclusion principle.[9] 
Like all matter, electrons have properties of both particles and waves: they can collide with other particles 
and can be diffracted like light. The wave properties of electrons are easier to observe with experiments than 
those of other particles like neutrons and protons because electrons have a lower mass and hence a larger 
De Broglie wavelength for a given energy. Electrons play an essential role in numerous physical phenomena, 
such as electricity, magnetism, and thermal conductivity, and they also participate in gravitational, 
electromagnetic and weak interactions.[11] Since an electron has charge, it has a surrounding electric field, 
and an electron moving relative to an observer generates a magnetic field. External electromagnetic fields 
affect an electron according to the Lorentz force law. Electrons radiate or absorb energy in the form of 
photons when accelerated. Laboratory instruments are capable of containing individual electrons as well as 
electron plasma using electromagnetic fields. Special telescopes can detect electron plasma in outer space. 
Electrons are involved in many applications such aselectronics, welding, cathode ray tubes, electron 
microscopes, radiation therapy, lasers, gaseous ionization detectors and particle accelerators. 
Interactions involving electrons and other subatomic particles are of interest in fields such as 
chemistry and nuclear physics. The Coulomb force interaction between positive protons inside 
atomic nuclei and negative electrons composes atoms. Ionization or changes in the proportions 
of particles changes the binding energy of an atomic system. The exchange or sharing of the 
electrons between two or more atoms is the main cause of chemical bonding.[12] British natural 
philosopher Richard Laming first hypothesized the concept of an indivisible quantity of electric 
charge to explain the chemical properties of atoms in 1838;[3] Irish physicist George Johnstone 
Stoney named this charge 'electron' in 1891, and J. J. Thomson and his team of British physicists 
identified it as a particle in 1897.[5][13][14] Electrons can also participate in nuclear reactions, such 
as nucleosynthesis in stars, where they are known as beta particles. Electrons can be created 
through beta decay of radioactive isotopes and in high-energy collisions, for instance when 
cosmic rays enter the atmosphere. The antiparticle of the electron is called the positron; it is 
identical to the electron except that it carries electrical and other charges of the opposite sign. 
When an electron collides with a positron, both particles can be totally annihilated, producing 
gamma ray photons. 

  

Electron 
Subatomic particle 

symbol e− or β− , with a negative elementary 
electric charge.  
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Resolution of a light microscope 

Resolving power (resolution)  

 is not only limited by the number and quality of the lenses. 

 The wavelength of the light will also limit the resolving power. 

 

for visible light this means ~250nm is the smallest spot of information 
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electrons as light 
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In the 1920s, it was discovered that 
accelerated electrons behave in vacuum much 
like light.  
 
• travel in straight lines  
• wavelength that is about 100,000 times 

shorter than that of visible light.  

Max Knoll and Ernst Ruska at the 
Berlin Technische Hochschule in 1931 
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Transmission Electron Microscope (TEM) Light microscope 

Comparison Light Microscope and Transmission Electron Microscope 



Comparing microscopes 
 

7 

LIGHT MICROSCOPE ELECTRON MICROSCOPE 

Use of vacuum  No vacuum 
Entire electron path from  
gun to camera must be  

under vacuum 

The source of  
illumination   Light source Electron gun 

The lens type  Glass lenses Electromagnetic lenses 

Resolution  >100 nm ~0.2nm 

Viewing the  
sample  

Eyepiece (ocular) or  
digital camera 

Fluorescent screen or  
digital camera 



Information from the electron specimen 
interactions 
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Transmitted 
electrons 



Transmission electron microscopy 
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Image contrast is obtained by the 
interaction of the electron beam 
with the sample 

 Mass/thickness   Diffraction
  

Information on internal structure 



Information from the electron specimen 
interactions 
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Scanning electron microscopy 
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Incoming electrons 

Information on  
surface structure 

secondary  
electrons 

backscattered  
electrons 

X-rays 

Information 
elements / 
chemical 
composition 

specimen 

Signals carrying information about the properties of the 
specimen surface, such as its topography and composition. 



Image forming in SEM and TEM 

TEM direct imaging 

The electron beam is scanned in a raster like 
pattern  generating secondary electrons 
The beam's position is combined with the 
detected signal to produce an image. 

SEM raster like scanning of the surface  

SEM Information on surface structure TEM Information on internal structure 



Preparation of samples 

Dry samples – little or no sample preparation 

Biological samples –  

Fixation to preserve the structure and 
either chemically or with a cryofixation 

For TEM must be ‘ultrathin’ to allow the 
electron beam to transmit through the 
section 

 

 

Types of samples you can investigate 

 Particles and particles suspensions  

 Semiconductors, thin film analysis 

 Microorganisms bacteria, viruses, plant or 
animal tissue 

 Ultrastructure of biological specimens, 
cellular structures  

 Cells, large molecules, metals, and 
crystals. 

 surface morphology 

 Elemental analysis 

 ......... 
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Transmission Electron Microscopy 
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Scanning Electron Microscopy 
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The people 
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Prof. Dr MM (Monique) van Oers 
Director 

Dr Ing M (Marcel) Giesbers 
Manager of the WEMC 

MAW (Tiny) Franssen-Verheijen 
Research Assistant 

Dr Ir JWM (Jan) van Lent 
Senior scientist 

(Cryo)TEM 
Tomography 

(Cryo) SEM / TEM 

(Cryo)SEM / TEM 



Equipment overview 
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Transmission Electron Microscopy  
• High-Resolution TEM  
• Cryo-TEM  
• Tomography/Three Dimensional Imaging  
• Immuno-Electron Microscopy 

 
Scanning Electron Microscopy  
• High-Resolution SEM  
• Cryo-SEM  
• Elemental Analysis EDX-SEM 

 
Sample Preparation  
• Sputter Coating  
• Freeze Substitution  
• High-Pressure Freezing  
• Critical Point Drying  
• Plunge freezing 
• Microtomes 

High Pressure Freezer,  
for cryo sample preparation 

Transmission electron microscope –  

JEOL JEM2100 



Facility usage options 
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Self-serve use  
booked through the online booking system to 
reserve time on the instruments. 
 
Assisted use  
where one of our staff operates the 
instruments for you or performs tasks such as 
sample preparation or experiment design. 
 
Combination 
for example - one of our staff operates the 
instruments – you perform or assist in sample 
preparation. 
 
Full service 
You can send or bring your samples to us for 
the investigation.  

you must successfully 
complete a training for the 
instrument.  
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Facility training options 
 • Training for technicians or postdocs 
of research groups 
 
• Training for PhD students 

awarded with certificate which will 
give credits for their Training and 
Supervision Plan (TSP) 

Basic TEM operation  
Electron tomography  
Cryo-TEM 
Preparation of tissue specimen (conventional) 
Preparation of tissue specimen (cryo)  
 
Basic SEM operation FEI Magellan SEM 
Energy Dispersive Spectroscopy on SEM 
Cryo-SEM on the Magellan  
SEM basic sample preparation 
SEM sample preparation for biological samples 
 

 
• you don’t need to follow a training, this is only for Self-serve use  
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Fees & Charges  
 
• All major instrumentation at WEMC is charged on an hourly basis. 

 
• Cost for service work consists of the instrument fee and the 

operator fee.  
 

• Different rates apply for WUR, Academic or Corporate users. 



WEMC contact us  
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Facility brochure  Training for PhD students 

RADIX, building nr. 107 
Droevendaalsesteeg 1 
6708 PB Wageningen 
          e-mail: marcel.giesbers@wur.nl 
           http://www.wemc.wur.nl/ 
 0317483292 
 
 



Thank you for your attention 
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