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Microscopy is the technique of using a device known as microscope to view samples and objects 

that cannot be seen with the naked eye or unaided eye. It means that the objects which are not 

within the resolution range of the normal eye, can be seen through a specialized device known as 

microscope, and an act of using a microscope is known as microscopy. Fundamentally, a 

microscope is a special arrangement of magnifying lenses which may be of glass or 

electromagnetic coil. The microscope which is utilizes magnifying lenses made of glasses is 

known as light microscope and those microscopic device which utilizes electromagnetic coil as 

a magnifying lenses is known as electron microscope. Therefore, by using microscope, one can 

be able to discover the existence of microorganisms, visualize microorganisms, study the 

structure of cells, and see the smallest parts of plants, animals, and fungi. 

Light microscope is extensively used in the study of biological materials in institutions and in the 

several diagnoses in the hospital, however it has certain limitations. It can lead to the 

magnification of 500× in general and 1000× in special case and a maximum resolution of 0.2µm. 

Therefore, it is impossible to view the fine details of the subcellular structures such as nucleus, 

mitochondria, cell membrane, lysosomal vesicles, etc. or even other objects which have smaller 

range such as a human hair having 50000 – 100000nm of diameter, an average bacterium has 

200nm of diameter and a protein has just 10nm long, because it requires approximately 10,000× 

magnification and beyond. This level of magnification is possible only through the help of 

electron microscope. 

 

The principle behind the discovery of electron microscope is the fact that the light is a wave of 

particles. These particles are called as photons (tiny packet of electromagnetic energy), which 

have certain wavelength and frequency and therefore this attribute of light is regarded as wave-

particle duality. It is this duality of light which results in the formation of image upon reflection 
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from an object. Similarly, in electron microscope, a wave of electron is used to create an image 

of an object, because electron is also a particle with certain wavelength and frequency. However, 

it has shorter wavelength. Therefore, a light microscope has the limit of viewing 400 – 700nm of 

objects because light rays has only this range of wavelength, while electron beam has 

wavelength of approximately 1nm (one nanometer) that enables us to visualize the objects of 

smaller than 400 – 700nm. 

However, basic ideas of both the microscopes are comparable. As in light microscope, there is a 

light at the bottom that shines upward through a thin slice of the specimen and through the tube 

travels upward to eye. In this travel, they have to cross an objective lens at the specimen and an 

eyepiece lens at the eye. One looks through an eyepiece and a powerful lens to see a 

considerably magnified image of the specimen. Therefore, on can divides the overall components 

of light microscope into following; 

• A source of light 

• Specimen – put on a platform known as stage 

• Lenses – that makes the specimen seem bigger (bend or refract the light beam to produce 

magnification) 

• Eye – to see a magnified image  

In electron microscope, same more arrangements are there but with slight differences, which are 

as following; 

• A light source is replaced by a beam of very fast moving electrons. 

• A specimen has to be specially prepared and held inside a vacuum chamber because 

electrons do not travel very fast in air due to charged particle nature. 

• Lenses are replaced by a series of coil-shaped electromagnets through which the electron 

beam travels. Here, it also bends the electron beams to produce magnification in a similar 

way as glass lenses do. 

• The image is not directly visualized by an eye, but it is formed as a photograph or as an 

image on a monitor (known as an electron micrograph). 

However, with slight magnification in this general arrangement of electron microscope, different 

types of electron microscopes are made. There are three most familiar types of electron 

microscopes like transmission electron microscope (TEM), Scanning electron microscope 

(SEM), and scanning tunneling microscope (STM). Here we will discuss about only scanning 

electron microscope (SEM) and transmission electron microscope (TEM) only. 

A brief history of electron microscope 

1897 Discovery of electrons by J. J. Thomson 

1924 De Broglie identified wavelength of electron ≈hv 

1926 Knoll & Ruska built first electron microscope 

1938 First practical electron microscope built by Siemens 

1940 Commercial electron microscope with 2.4nm resolution was built 

1945 Commercial electron microscope with 1.0nm resolution was built 
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Scanning Electron Microscope (SEM) 

A scanning electron microscope is a type of electron microscope that images a sample by 

scanning it with a high-energy beam of electrons in a raster scan pattern
1
. The electrons interact 

with the atoms that make up the sample producing signals that contain information about the 

sample’s surface topography, composition, and other properties. Unlike the transmission electron 

microscope (TEM), it uses emitted electrons i.e. image is produced by secondary electrons
2
, 

backscattered electrons
3
, and diffracted backscattered electrons form as a result of interaction of 

electrons, and thus secondary electrons emitted from the specimen play the primary role of 

detecting the morphology and topography of the specimen while the backscattered electrons 

show contrast in the composition of the elements of the specimen. 

 

Principles of scanning electron microscope 

Generally, scanning electron microscope contains tungsten filament lamps, which are placed at 

the top of the column, upon heating emits electrons. These electrons are allowed to move in a 

fast motion to the anode, which has a positive charge. This results in the production of a beam of 

electrons which activates the emission of primary scattered or primary electrons at high energy 

levels and secondary electrons at low energy levels from the specimen surface. The falling beam 

of electrons interacts with the specimen to produce different type of electrons as described above 

which give the information about the topography and composition of the specimen. 

Instrumentation of scanning electron microscope 

As discussed earlier or as evident in above figure, scanning electron microscope is composed of 

following components;  

                                                           
1
 A raster scan or raster scanning is the rectangular pattern of image capture and reconstruction in television. 

2
 Secondary electrons have lower energy than all other electrons and are produced by inelastic interactions 

between the primary electron beam and sample. These are used to study the topography of sample’s surface. 
3
 Backscattered electrons (BSE) are a high-energy electrons originating in the electron beam that are reflected or 

back-scattered out of the specimen due to elastic interaction with atoms. 
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Electron Source: It is popularly known as electron gun, where electrons are produced under 

thermal heat at a voltage of 1 – 40kV. After production, the electrons are condensed into a beam 

that is used for the creation of ana image
4
 and analysis. There are three types of electron gun 

which are used in the electron microscopy, for example Tungsten filament electron gun (TFG), 

Lanthanum hexaboride electron gun (LHG), and Field emission electron gun (FEG). 

Lenses: A scanning electron microscope has several condenser lenses that focus the beam of 

electrons from the source through the column forming a narrow beam of electrons that form a 

spot called a spot size. 

Scanning Coil: They are used to detect the beam over the specimen surface. 

Detector: A scanning electron microscope is made of several detectors that are able to 

differentiate the secondary electrons, backscattered electrons, diffracted backscattered electrons. 

Its function is dependent of the voltage speed and the density of the specimen. 

Display: A display device such as a cathode ray monitor (now discontinued and replaced by 

LCD) is actually a data output device that is used to visualize the image. 

Vacuum System: It is required to create a vacuum in cylindrical tube in which electron beams 

are travelled. 

Power Supply: An efficient power supply is needed with no interruption and less voltage 

fluctuation.  

It should also be free from vibrations and any electromagnetic elements in its vicinity. 

Working and Sample Preparation 

The specimen does not need special treatment for visualization under the scanning electron 

microscope; even air-dried samples can be examined directly. However, microbial specimens 

need fixation, dehydration, and drying in order to maintain the structural features of the cells and 

to prevent collapsing of the cells when exposed to the high vacuum of the microscope. 

The samples are mounted and coated with thin layer heavy metal elements to allow spatial 

scattering of electric charges on the surface of the specimen allowing better image production, 

with high clarity. Scanning by this microscope is attained by tapering a beam of electrons back 

and forth over a thin section of the microscope. When the electrons reach the specimen, the 

surface releases a tiny staw of electrons known as secondary electrons which are then trapped by 

a special detector apparatus, where they strike a scintillator (a luminescence material that 

fluoresces when struck by a charged particle or high-energy photon). This emits flashes of light 

which get converted into an electric current by a photomultiplier, sending a signal to the cathode 

ray tube. This produces an image that looks like a television picture that can be viewed and 

photographed.  

                                                           
4
 Ana image is an image with distinct fluorescence intensities and staining patterns through indirect 

immunofluorescence (IIF) slides to detect anti-nuclear antibody (ANA), which is an autoantibody. 
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The quantity of secondary electrons that enter the detector is highly defined by the nature of the 

specimen i.e raised surfaces receive high quantities of electrons, entering the detector while 

depressed surfaces have fewer electrons reaching the surface and hence fewer electrons enter the 

detector. Therefore raised surfaces will appear brighter on the screen while depressed surfaces 

appear darker. 

Application of scanning electron microscope 

The scanning electron microscope is used in a variety of fields including industrial uses, Nano 

science studies, biomedical studies, microbiology, etc. for the following purpose or studies; 

• Used for spot chemical analysis in energy-Dispersive X-ray Spectroscopy. 

• Used in the analysis of cosmetic components that is very tiny in size. 

• Used to study the filament structures of microorganisms. 

• Used to study the topography of elements used in industries (as depicted in figure below). 

 

Some Useful Terminology 

− Topography: The surface features of an object or "how it looks", its texture; direct 

relation between these features and materials properties. 

− Morphology: The shape and size of the particles making up the object; direct relation 

between these structures and materials properties. 

− Composition: The elements and compounds that the object is composed of and the 

relative amounts of them; direct relationship between composition and materials 

properties. 

− Crystallographic Information: How the atoms are arranged in the object; direct 

relation between these arrangements and material properties. 
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Transmission Electron Microscope 

Unlike to scanning electron microscope, transmission electron microscopy is a microscopy 

technique whereby a beam of electrons is transmitted through an ultra-thin specimen. The 

electrons are then interact with the specimen as it passes through and an image is formed on 

imaging device, such as fluorescent screen, on a layer of photographic film, or to be detected by 

a sensor such as a CCD camera. It operates on the same basic principles as the light microscope 

but uses electrons instead of light (however, it is 2 million times better than the light microscope 

in terms of resolution), and is used to reveal compound structure, finest details of internal 

structure and defects inside the cells. It was the first type of electron microscope to be developed 

and therefore it was patterned exactly on the light microscope. It was developed by Max Knoll 

and Ernst Ruska. 

Principles of transmission electron microscope 

As described above, it is exactly based on the principles of light microscope. The major 

difference is that light microscope uses light rays to focus and produce an image while the TEM 

uses a beam of electrons to focus on the specimen, to produce an image. Electrons have a shorter 

wavelength in comparison to light which in turn has a long wavelength. Shorter wavelength 

results in greater resolution in transmission electron microscope. 

 

The mechanism of a light microscope is that an increase in resolution power decreases the 

wavelength of the light, but in the TEM, when the electron illuminates the specimen, the 

resolution power increases increasing the wavelength of the electron transmission, and further 

increasing the resolution. The wavelength of the electrons is about 0.005nm which is 100000× 

shorter than that of light; hence TEM has better resolution than that of the light microscope, of 

about 1000times. Therefore, it is used to study the detail of the internal structures of the smallest 

particles like a virion particle. 
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Instrumentation of transmission electron microscope 

Since it also utilizes high speed electron beam for magnified image production like scanning 

electron microscope, therefore it also has mainly three working parts which include: 

• Electron gun 

• Image producing system 

• Image recording system 

Electric Gun: This part of transmission electron microscope is placed on the top of the system 

and is used to produce electron beams. Generally, V-shaped tungsten filament cathode is used in 

instrument which emits electrons upon heating. The tungsten filament is covered by a control 

grid known as Wehnelt cylinder made of a central hole which lies columnar to tube. The 

tungsten cathode and the control grid are negatively charged with an end of the anode that is 

disk-shaped having an axial hole. 

When electrons are transmitted from the cathode, they pass through the columnar aperture (hole) 

to the anode at high voltage with constant energy, which is efficient for focusing the specimen to 

produce an accurately defined image. 

It also has the condenser lens system which works to focus the electron beam on the specimen by 

controlling the energy intensity and the column hole of the electron gun. It uses two condenser 

lenses to converge the beam of electrons to the specimen; the first lens which has strong 

magnification, produces a smaller image of the specimen, to the second condenser lens, directing 

the image to the objectives for higher magnification. 

Image producing system: It is made up of the objective lens, a movable stage or holding the 

specimen, intermediate and projector lenses. They function by focusing the passing electrons 

through the specimen forming a highly magnified image. The objective has a short focal length 

of about 1-5mm and it produces an intermediate image from the condenser which is transmitted 

to the projector lenses for magnification. The projector lenses are of two types, i.e. the 

intermediate lens which allows great magnification of the image and the projector lens which 

gives a generally greater magnification over the intermediate lens. To produce efficient high 

standard images, the objectives and the projector lenses need high power supplies with high 

stability for the highest standard of resolution. 

Image recording system: It is made up of the fluorescent screen used to view and to focus on the 

image. They also have a digital camera that permanently records the images captured after 

viewing. 

Vacuum System: It is required to create a vacuum in cylindrical tube in which electron beams 

are travelled. 

Power Supply: An efficient power supply is needed with no interruption and less voltage 

fluctuation.  
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It should also be free from vibrations and any electromagnetic elements in its vicinity. 

Working and Sample Preparation 

As described above, a heated tungsten filament in the electron gun produces electrons that get 

focus on the specimen by the condenser lenses in the column tubes under vacuum condition. 

Magnetic lenses are used to focus the beam of electrons on the specimen. Vacuum prevents the 

collision of electron with air so that a clear image is formed. On reaching the specimen, the 

specimen scatters the electrons focusing them on the magnetic lenses forming a large clear 

image, and if it passes through a fluorescent screen it forms a polychromatic image. 

The denser the specimen, the more the electrons are scattered forming a darker image because 

fewer electron reaches the screen for visualization while thinner, more transparent specimens 

appear brighter. 

Sample preparation: The specimen to be viewed under the transmission electron microscope 

requires a special preparation technique to enable visualization and creation of a clear image. 

Because, electrons are easily absorbed and scattered on solid elements and therefore it shows 

poor visualization in thick specimens. Therefore, very thin specimens are used for accurate and 

clear visualization and formation of clear image. 

• The specimen is generally taken about 20 – 100nm thin and 0.025 – 0.21nm diameters, as 

small as that of a bacterial cell. This is achieved by following way: 

• Therefore, to get thin specimens, the specimen is first fixed on a plastic material with 

glutaraldehyde or osmium tetraoxide, which stabilize the structure of the cell and 

maintain its originality, while the addition of ethanol dehydrate the cell completely for 

embedding the specimen to the plastics.  

• The specimen is then permeated by adding an unpolymerized liquid epoxy plastic making 

it hardened like a solid block which is then cut into thin sections by using glass knife with 

equipment known as an ultramicrotome. 

• The specimen is then stained appropriately (with the appropriate stain) for the uniform 

scattering of electrons.  

• The thin sections are then soaked in heavy metallic elements such as lead citrate and 

uranyl acetate allowing the lean and aluminum ions to bind to the cell structures. This 

forms an opaque layer against the electrons on the cell structures to increase contrast. 

• The stained thin sections are then mounted on copper grids for viewing. 

To reduce the possible artifacts, a freeze-itching is used especially for the visualization and 

imaging of microbial cells, unlike chemical fixation, dehydration, and embedding, where most 

specimens get contaminated. 

Freeze-itching treatment: In this method, the specimens are prepared with liquid nitrogen and 

then warmed at −100°C in a vacuum chamber. The sections are then cut with a precooled knife 

in liquid nitrogen at −196°C. After warming up the sectioned specimen in a vacuum for about 2 

minutes, it can then coated with platinum and carbon layer forming replicas. Thereafter, these are 

viewed under transmission electron microscope. 
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Application of the transmission electron microscope 

Transmission is used in a wide variety of field from Biology, Microbiology, Nanotechnology, 

forensic studies, etc. Some of these applications include:  

• To visualize and study cell structures of bacteria, viruses, and fungi.  

• To view bacteria flagella and plasmids.  

• To view the shapes and sizes of microbial cell organelles.  

• To study and differentiate between plant and animal cells.  

• It is also used in nanotechnology to study nanoparticles such as ZnO nanoparticles.  

• It is used to detect and identify fractures, damaged microparticles which further enable 

repair mechanisms of the particles. 
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