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Introduction 
 

An account of the early history of SEM has 

been presented by McMullan (1988 and 2006) 

Although Max Knoll produced a photo with a 

50 mm object-field-width showing channeling 

contrast by the use of an electron beam 

scanner, (Knoll, 1935) it was Manfred von 

Ardenne who in 1937 invented a true 

microscope with high magnification by 

scanning a very small raster with a 

demagnified and finely focused electron 

beam. Ardenne applied the scanning principle 

not only to achieve magnification but also to 

purposefully eliminate the chromatic 

aberration otherwise inherent in the electron 

microscope.  

 

 

 

 

 

He further discussed the various detection 

modes, possibilities and theory of SEM (von 

Ardenne, 1938) together with the construction 

of the first high magnification SEM (von 

Ardenne, 1938). Further work was reported 

by Zworykin's group (Zworykin et al., 1942) 

followed by the Cambridge groups in the 

1950s and early 1960s (McMullan, 1953; 

Oatley et al., 1965; Smith and Oatley, 1955; 

Wells, 1957) headed by Charles Oatley et al., 

(1965) all of which finally led to the 

marketing of the first commercial instrument 

by Cambridge Scientific Instrument Company 

as the "Stereoscan" in 1965 (delivered to 

DuPont). 
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A Scanning Electron Microscope (SEM) is a powerful magnification tool that utilizes 

focused beams of electrons to obtain information. The high-resolution, three-

dimensional images produced by SEMs provide topographical, morphological and 

compositional information makes them invaluable in a variety of science and industry 

applications. A Scanning Electron Microscope provides detailed surface data of solid 

samples. It takes incidental electrons and focuses them onto a specimen; the electrons 

that scatter off the surface following this interaction can be analyzed with a variety of 

detectors that provide topographical, morphological and compositional information 

regarding the surface of a sample. Although SEMs are large, expensive pieces of 

equipment, they remain popular among researchers due to their wide range of 

applications and capabilities, including the high-resolution, three-dimensional, 

detailed images they produce.  
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Properties of SEM 

 

Electron microscopes utilize the same basic 

principles as light microscopes, but focus 

beams of energetic electrons rather than 

photons, to magnify an object.  

 

Components of SEM 

 

Electron Source  

Thermionic Gun  

Field Emission Gun  

Electromagnetic and/or Electrostatic Lenses  

Vacuum chamber  

Sample chamber and stage  

Computer  

Detectors (one or more)  

Secondary Electron Detector (SED)  

Backscatter Detector  

Diffracted Backscatter Detector (EBSD)  

X-ray Detector (EDS)  

 

In addition, SEMs require a stable power 

supply, vacuum and cooling system, 

vibration-free space and need to be housed in 

an area that isolates the instrument from 

ambient magnetic and electric fields. 

 

SEM imaging 

 

A Scanning Electron Microscope provides 

details surface information by tracing a 

sample in a raster pattern with an electron 

beam.  
 

The process begins with an electron gun 

generating a beam of energetic electrons 

down the column and onto a series of 

electromagnetic lenses. These lenses are 

tubes, wrapped in coil and referred to as 

solenoids. The coils are adjusted to focus the 

incident electron beam onto the sample; these 

adjustments cause fluctuations in the voltage, 

increasing/decreasing the speed in which the 

electrons come in contact with the specimen 

surface. Controlled via computer, the SEM 

operator can adjust the beam to control 

magnification as well as determine the surface 

area to be scanned. The beam is focused onto 

the stage, where a solid sample is placed. 

Most samples require some preparation before 

being placed in the vacuum chamber. Of the 

variety of different preparation processes, the 

two most commonly used prior to SEM 

analysis are sputter coating for non-

conductive samples and dehydration of most 

biological specimens.  

 

In addition, all samples need to be able to 

handle the low pressure inside the vacuum 

chamber. The interaction between the incident 

electrons and the surface of the sample is 

determined by the acceleration rate of 

incident electrons, which carry significant 

amounts of kinetic energy before focused 

onto the sample. When the incident electrons 

come in contact with the sample, energetic 

electrons are released from the surface of the 

sample. The scatter patterns made by the 

interaction yields information on size, shape, 

texture and composition of the sample.  

 

A variety of detectors are used to attract 

different types of scattered electrons, 

including secondary and backscattered 

electrons as well as x-rays. Backscatter 

electrons are incidental electrons reflected 

backwards; images provide composition data 

related to element and compound detection. 

Although topographic information can be 

obtained using a backscatter detector, it is not 

as accurate as an SED. Diffracted backscatter 

electrons determine crystalline structures as 

well as the orientation of minerals and micro-

fabrics. X-rays, emitted from beneath the 

sample surface, can provide element and 

mineral information.  
 

SEM produces black and white, three-

dimensional images. Image magnification can 

be up to 10 nanometers and, although it is not 

as powerful as its TEM counterpart, the 

intense interactions that take place on the 

surface of the specimen provide a greater 
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depth of view, higher-resolution and, 

ultimately, a more detailed surface picture.  

 

Applications of SEM 

 

SEMs have a variety of applications in a 

number of scientific and industry-related 

fields, especially where characterizations of 

solid materials is beneficial.  

 

In addition to topographical, morphological 

and compositional information, a Scanning 

Electron Microscope can detect and analyze 

surface fractures, provide information in 

microstructures, examine surface 

contaminations, reveal spatial variations in 

chemical compositions, provide qualitative 

chemical analyses and identify crystalline 

structures. SEMs can be as essential research 

tool in fields such as life science, biology, 

gemology, medical and forensic science and 

metallurgy. In addition, SEMs have practical 

industrial and technological applications such 

as semiconductor inspection, production line 

of miniscule products and assembly of 

microchips for computers. 

 

Advantages of SEM 

 

The advantages of a scanning electron 

microscope include its wide-array of 

applications, the detailed three-dimensional 

and topographical imaging and the versatile 

information garnered from different detectors. 

SEMs are also easy to operate with the proper 

training and advances in computer technology 

and associated software make operation user-

friendly. This instrument works fast, often 

completing SEI, BSE and EDS analyses in 

less than five minutes. In addition, the 

technological advances in modern SEMs 

allow for the generation of data in digital 

form. Although all samples must be prepared 

before placed in the vacuum chamber, most 

SEM samples require minimal preparation 

actions.  

 

 

Fig.1 JEOL JSM-6610LV Scanning Electron Microscope (SEM) at EM Laboratory, G.B. Pant 

University of Agriculture and Technology, Pantnagar 
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Fig.2 Schematic diagram of Scanning Electron Microscope 

 

 
 

 

Fig.3 SEM of hair of mule showing outer cuticular pattern (scales) 

 

 
 

 

Fig.4 SEM of spermatozoa attached with adjacent sertoli cell in seminiferous tubules of dog 
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Fig. 5 SEM of head and mouth parts of mosquito 

 

 
 

 

Fig.6 SEM of muscle fiber of poultry with diameter 

 

 
 

Disadvantages of SEM 

 

The disadvantages of a scanning electron 

microscope start with the size and cost. SEMs 

are expensive, large and must be housed in an 

area free of any possible electric, magnetic or 

vibration interference. The maintenance 

involves keeping a steady voltage, currents to 

electromagnetic coils and circulation of cool 

water.  

 

Special training is required to operate an SEM 

as well as prepare samples. The preparation of 

samples can result in artifacts. The negative 

impact can be minimized with knowledgeable 

experience researchers being able to identify 

artifacts from actual data as well as 

preparation skill. There is no absolute way to 

eliminate or identify all potential artifacts.  

 

In addition, scanning electron microscopes 

are limited to solid, inorganic samples small 

enough to fit inside the vacuum chamber that 

can handle moderate vacuum pressure. 

Finally, scanning electron microscopes carry 

a small risk of radiation exposure associated 
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with the electrons that scatter from beneath 

the sample surface.  

 

The sample chamber is designed to prevent 

any electrical and magnetic interference, 

which should eliminate the chance of 

radiation escaping the chamber. Even though 

the risk is minimal, SEM operators and 

researchers are advised to observe safety 

precautions.  
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