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A scanning electron microscope (SEM) is a type of electron microscope that 
produces images of a sample by scanning the surface with a focused beam 
of electrons. The electrons interact with atoms in the sample, producing various 
signals that contain information about the surface topography and composition of 
the sample.

secondary electrons emitted by atoms excited by the electron beam are 
detected using a secondary electron detector (Everhart-Thornley detector). The 
number of secondary electrons that can be detected, and thus the signal 
intensity, depends, among other things, on specimen topography. SEM can 
achieve resolution better than 1 nanometer.





Nonconductive specimens collect charge when scanned by the electron beam, and
especially in secondary electron imaging mode, this causes scanning faults and other
image artifacts.

For conventional imaging in the SEM, specimens must be electrically conductive, at least
at the surface, and electrically grounded to prevent the accumulation of electrostatic
charge.

Non-conducting materials are usually coated with an ultrathin coating of electrically
conducting material, deposited on the sample either by low-vacuum sputter coating or
by high-vacuum evaporation.

Conductive materials in current use for specimen coating include gold,
gold/palladium alloy, platinum, iridium, tungsten, chromium, osmium, and graphite.
Coating with heavy metals may increase signal/noise ratio for samples of low atomic
number (Z). The improvement arises because secondary electron emission for high-Z
materials is enhanced.

An alternative to coating for some biological samples is to increase the bulk conductivity
of the material by impregnation with osmium using variants of the OTO staining method
(O-osmium tetroxide, T-thiocarbohydrazide, O-osmium).



Nonconducting specimens may be imaged without coating using an
environmental SEM (ESEM) or low-voltage mode of SEM operation.

In ESEM instruments the specimen is placed in a relatively high-pressure
chamber and the electron optical column is differentially pumped to keep
vacuum adequately low at the electron gun.

The high-pressure region around the sample in the ESEM neutralizes charge
and provides an amplification of the secondary electron signal.

Low-voltage SEM is typically conducted in an instrument with a field emission
guns (FEG) which is capable of producing high primary electron brightness
and small spot size even at low accelerating potentials.
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EDS Principle. Energy Dispersive X-ray Spectroscopy (EDS or EDX) is a qualitative 
and quantitative X-ray microanalytical technique that provides information on the 
chemical composition of a sample for elements with atomic number (Z) >3

Energy-dispersive X-ray 

spectroscopy (EDS, also 

abbreviated EDX or XEDS) 

is an analytical technique 

that enables the chemical 

characterization/elemental 

analysis of materials.

https://www.google.com/search?q=eds+edx+principle&bih=474&biw=1077&hl=en&tbm=isch&source=iu&ictx=1&fir=XdHZebriFjwpdM:,QXK0cXl7bIfh_M,_&vet=1&usg=AI4_-kQG7VBM61crJQFk8KkuO1lfkRwvOw&sa=X&ved=2ahUKEwjN8p6bt4HpAhV9IbcAHX85BVQQ_h0wAnoECAsQBg
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Dynamic light scattering

Dynamic Light Scattering(DLS)



Dynamic light scattering (DLS) is a technique in physics that can be used to determine 
the size distribution profile of small particles in suspension or polymers in solution

It works on the principle that when a beam of light (a laser) is scattered by a group 
of particles, the angle of light scattering is inversely proportional to particle size (ie. the 
smaller the particle size, the larger the angle of light scattering)
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Fluorescence-activated cell sorting (FACS) is a technique to purify
specific cell populations based on phenotypes detected by flow cytometry. This
method enables researchers to better understand the characteristics of a
single cell population without the influence of other cells.











A dichroic can perform two functions. First, it allows specific wavelengths to pass in

the forward direction. Second, it can reflect light at a 90° angle. This allows the light

path to be passed through a series of filters. The precise choice and order of the

filters can be arranged so that multiple signals can be detected simultaneously.

Height:
The maximum amount of 

current output by PMT.

Area: The integral of the pulse.

Width:
The time interval during which 

the pulse occurs.

Signal intensity can be measured by either height or area.

The width parameter measures the time that the cell spends in 

the laser.



Fluorescent markers used to detect the expression of cellular molecules such as proteins or nucleic acids in a 
system.
The fluorescent compound absorbs light energy over a range of wavelengths that is characteristic of that 
compound.
This absorption of light causes an electron in the fluorescent compound to be raised to a higher energy level.
The excited electron quickly decays to its ground state, emitting the excess energy in the form of fluorescence 
which is then collected by detectors.
In a mixed population of cells, different fluorochromes can be used to distinguish separate subpopulations.
The fluorescence pattern of each subpopulation, combined with FSC and SSC data, can be used to identify which 
cells are present in a sample and to count their relative percentages.
The electronics system then converts the detected light signals into electronic signals that can be processed by 
the computer.



















Figure 1. Diagram of experimental methods used for multiplexed barcoded antibody array.



The three cell lines were labeled with or without intracellular dye prior to 
admixing the cells into a single pool. The cells were then aliquoted into each well 
for antibody labeling. The contents of each well were then processed on a flow 
cytometer. The identity of each cell line was determined based on fluorescence 
intensity. The appropriate gates were drawn allowing for simultaneous analysis for 
each antibody. Histograms for mouse IgM isotype control are shown



By combining monoclonal antibodies with flow cytometry, researchers are able 
to identify tumor antigens for diagnostic and treatment purposes. For example, 
flow cytometry has been historically used to detect the expression of CD56 in 
the diagnosis of chronic myelomonocytic leukemia (CMML)

It can detect RNA (for blood cancers) and specific tagged surface markers (for 
lymphoid and myeloid neoplasms). The presence of DNA aneuploidy and a high 
proportion of S-phase tumor cells may indicate tumor malignancy.
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Differential interference contrast (DIC) microscopy, also known 

as Nomarski interference contrast (NIC) or Nomarski microscopy, is an 
optical microscopy technique used to enhance the contrast in unstained, 
transparent samples.

DIC works by separating a polarized light source into two orthogonally polarized 
mutually coherent parts which are spatially displaced (sheared) at the sample 
plane, and recombined before observation.



An advantage of DIC is that the specimen will appear 
bright in contrast to the dark background.
This system is relatively easy to incorporate with an existing brightfield microscope. 

Two of the short comings of the phase contrast method are the fact that the specimen 
must be very thin and a halo is produced in the viewing field.
No halo effect occurs with differential interference contrast and it can be used to produce 
very clear images of thick specimens.

It can also be used in conjunction with digital imaging systems to add further definition to 
the image.

Differential interference contrast imaging can be used in conjunction with fluorescence 
microscopy to provide a better fluorescence image and to pinpoint specific areas on a 
specimen before switching to the fluorescence mode to further examine the object.

A major advantage of the differential interference contrast technique is in examining living 
specimens when normal biological processes might be impeded by normal staining 
procedures.
A drawback to this type of imaging is that the three-dimensional image of a specimen may 
not be accurate. The enhanced areas of light and shadow might add distortion to the 
appearance of the image.
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Phase contrast



Fluorescence microscopy is an imaging technique used in 
light microscopes that allows the excitation of fluorophores and 
subsequent detection of the fluorescence signal.

Fluorescence Microscope

The basic task of the fluorescence microscope is to let excitation light 
radiate the specimen and then sort out the much weaker emitted light 
from the image. 

The radiation collides with the atoms in your specimen and electrons are 
excited to a higher energy level. When they relax to a lower level, they emit 
light.



Basic Principle 





Thegreatest disadvantage
in fluorescent microscopy is 
the photobleaching and you 
cannot focus your specimen 
for much time at higher 
magnification (as intense 
light is required) for more 
time. And also it needs a 
quite a sophisticated 
instrumentation as well as 
lots of experimental 
optimization.





Confocal Microscope

Confocal microscopy, most frequently confocal laser 
scanning microscopy (CLSM) or laser confocal scanning microscopy (LCSM), is an 
optical imaging technique for increasing optical resolution and contrast of a 
micrograph by means of using a spatial pinhole to block out-of-focus light in 
image formation.

Two correction over fluorescence microscope

1. Introduction of pinhole at the conjugate foci poision of the lens to elliminate out
Of focus light
2. Single point iraadiation and scan by introduction of laser.
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Multiphoton microscopy (MPM) is regarded as the method of choice for imaging 
of living, intact biological tissues on length scales from the molecular level through 
the whole organism

Multiphoton Microscope

The principal advantages of two-photon microscopy are reduced 
phototoxicity, increased imaging depth, and the ability to initiate 
highly localized photochemistry in thick samples.



Atomic force microscopy (AFM) or scanning force microscopy (SFM) is a very-
high-resolution type of scanning probe microscopy (SPM), with demonstrated 
resolution on the order of fractions of a nanometer, more than 1000 times 
better than the optical diffraction limit.

Atomatic force microscope

AFM Working Principle. The AFM principle is based on the cantilever/tip 
assembly that interacts with the sample; this assembly is also commonly 
referred to as the probe. ... The up/down and side to side motion of 
the AFM tip as it scans along the surface is monitored through a laser beam 
reflected off the cantilever.

Atomic-force microscopy (AFM) is a surface scanning technique that has sub-
nanometer scale resolution. ... AFM is used widely to collect data on various 
mechanical, functional and electrical properties at the nanoscale as well as for 
topography (surface) studies.



The probe mounted on the AFM performs the scan on the sample in a raster fashion. 
The movement of the microcantilever over the sample is carried out by the 
piezoelectric scanner, which comprises piezoelectric material that expands and 
contracts according to the applied voltage. There are several modes of operation for 
scanning and mapping surface. These modes include non-contact, contact and 
intermittent contact modes. These three modes of operation differ from each other, 
basically, by the tip and sample distance.



Depending on tip-sample 
separation during scanning, three 
modes of an atomic force 
microscope are available 1) 
contact, 2) non-contact, 3) 
"semicontact" which is 
intermediate between contact and 
non-contact.
In the contact mode the probe tip 
directly touches the sample surface 
during scanning. In the non-contact 
mode the probe is far enough and 
do not touch the surface. In 
the semicontact mode the 
intermittent contact occurs. The 
last two AFM modes are needed to 
implement modulation (or 
vibration) techniques.







Many more new types of microscope are now available 

Super-resolution microscopy, in light microscopy, is a term that gathers 
several techniques, which allow images to be taken with a higher resolution 
than the one imposed by the diffraction limit

A total internal reflection fluorescence microscope (TIRFM) is a type 
of microscope with which a thin region of a specimen, usually less than 
200 nanometers can be observed.



Electron Microscopy

Working Principle: An electron microscope uses an 'electron beam' to 
produce the image of the object and magnification is obtained by 
'electromagnetic fields'; unlike light or optical microscopes, in which 'light 
waves' are used to produce the image and magnification is obtained by a 
system of 'optical lenses'.

Electrons are such small particles that, like photons in light, they act as 
waves. A beam of electrons passes through the specimen, then through a 
series of lenses that magnify the image. The image results from a scattering 
of electrons by atoms in the specimen





In a magnetic field the force is always at right 
angles to the motion of the electron (Fleming's left 
hand rule) and so the resulting path of 
the electron is circular .

Charged particles move in circles at a constant 
speed if projected into a magnetic field at right 
angles to the field.
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A scanning electron microscope (SEM) is a type of electron microscope that 
produces images of a sample by scanning the surface with a focused beam 
of electrons. The electrons interact with atoms in the sample, producing various 
signals that contain information about the surface topography and composition of 
the sample.

secondary electrons emitted by atoms excited by the electron beam are 
detected using a secondary electron detector (Everhart-Thornley detector). The 
number of secondary electrons that can be detected, and thus the signal 
intensity, depends, among other things, on specimen topography. SEM can 
achieve resolution better than 1 nanometer.
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Microscopy :is the term of using  microscopes to view objects and 
areas of objects that cannot be seen with the naked eye (objects that 
are not within the resolution range of the normal eye)

There are three well-known branches of Microscopy 
o optical,
o electron, 
o scanning probe microscopy



Optical or light microscopy involves passing visible light transmitted through or 

reflected from the sample through a single lens or multiple lenses to allow a 

magnified view of the sample. The resulting image can be detected directly by 

the eye, imaged on a photographic plate, or captured digitally. 

The single lens with its attachments, or the system of lenses and imaging 

equipment, along with the appropriate lighting equipment, sample stage, and 

support, makes up the basic light microscope. 

The most recent development is the digital microscope, which uses a CCD 

camera to focus on the exhibit of interest. 







The limit of resolution (or resolving power) is a measure of the ability of the 
objective lens to separate in the image adjacent details that are present in the 
object. It is the distance between two points in the object that are just resolved 
in the image. 
Thus an optical system cannot form a perfect image of a point.

Smaller means better device





Formation of image : 











Image formation By brightfield and dark field

https://en.wikipedia.org/wiki/File:Paper_Micrograph_Cross-Polarised.png
https://en.wikipedia.org/wiki/File:Paper_Micrograph_Cross-Polarised.png


Corrected with Achromatic and Apochromat lens

Aberrations



Bright field microscopy is the conventional technique. It is suitable for observing 
the natural colors of a specimen or the observation of stained samples. The 
specimen appears darker on a bright background.

Darkfield microscopy shows the specimens bright on a dark background



The phase contrast microscopy is based on the principle that 
small phase changes in the light rays, induced by differences in 
the thickness and refractive index of the different parts of an 
object, can be transformed into differences in brightness or 
light intensity.







Disadvantages and limitations of phase contrast: 
Annuli or rings limit the aperture to some extent, which 
decreases resolution. This method of observation is not 
ideal for thick organisms or particles. Thick specimens 
can appear distorted



Differential interference contrast (DIC) microscopy, also known 

as Nomarski interference contrast (NIC) or Nomarski microscopy, is an 
optical microscopy technique used to enhance the contrast in unstained, 
transparent samples.

DIC works by separating a polarized light source into two orthogonally polarized 
mutually coherent parts which are spatially displaced (sheared) at the sample 
plane, and recombined before observation.



An advantage of DIC is that the specimen will appear 
bright in contrast to the dark background.
This system is relatively easy to incorporate with an existing brightfield microscope. 

Two of the short comings of the phase contrast method are the fact that the specimen 
must be very thin and a halo is produced in the viewing field.
No halo effect occurs with differential interference contrast and it can be used to produce 
very clear images of thick specimens.

It can also be used in conjunction with digital imaging systems to add further definition to 
the image.

Differential interference contrast imaging can be used in conjunction with fluorescence 
microscopy to provide a better fluorescence image and to pinpoint specific areas on a 
specimen before switching to the fluorescence mode to further examine the object.

A major advantage of the differential interference contrast technique is in examining living 
specimens when normal biological processes might be impeded by normal staining 
procedures.
A drawback to this type of imaging is that the three-dimensional image of a specimen may 
not be accurate. The enhanced areas of light and shadow might add distortion to the 
appearance of the image.
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Fluorescence microscopy is an imaging technique used in 
light microscopes that allows the excitation of fluorophores and 
subsequent detection of the fluorescence signal.

Fluorescence Microscope

The basic task of the fluorescence microscope is to let excitation light 
radiate the specimen and then sort out the much weaker emitted light 
from the image. 

The radiation collides with the atoms in your specimen and electrons are 
excited to a higher energy level. When they relax to a lower level, they emit 
light.


