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Microscopy

• 1655 – Robert Hooke used a 
compound microscope to 
observe pores in cork

–He called them “cells”



Microscope

• Magnification: increase of an 
object’s apparent size 

• Resolution: power to show 
details clearly

• Both are needed to see a clear 
image



Types of Microscopes

• 1. Compound Light Microscope

–1st type of microscope, most 
widely used

–light passes through 2 lenses

–Can magnify up to 2000x



Types of Microscopes

• 2. Electron Microscope

–Used to observe VERY small 
objects: viruses, DNA, parts of 
cells

–Uses beams of electrons rather 
than light

–Much more powerful



Types of Microscopes

• Transmission Electron 
Microscope (TEM)

–Can magnify up to 250,000x



Types of Microscopes

• Scanning Electron Microscope 
(SEM)

–Can magnify up to 100,000x 



Ocular lens

Objective 
lenses
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The Light Microscope

• many types

– bright-field microscope

– dark-field microscope

– phase-contrast microscope

– fluorescence microscopes

• are compound microscopes

– image formed by action of 2 lenses
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The Bright-Field Microscope

• produces a dark image against a brighter 
background

• has several objective lenses
– parfocal microscopes remain in focus when 

objectives are changed

• total magnification
–  product of the magnifications of the ocular lens 

and the objective lens
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The Dark-Field Microscope

• produces a bright image of the object against 
a dark background

• used to observe living, unstained preparations



Darkfield Microscopy

Objective collects
Only diffracted light

Condensor allows only
high angle rays

Source

Specimen

Stop in condenser

Objective lens

Image plane



Copyright © The McGraw-Hill 
Companies, Inc. Permission 
required for reproduction or 
display.
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The Phase-Contrast Microscope

• enhances the contrast between 
intracellular structures having slight 
differences in refractive index

• excellent way to observe living cells



Phase Contrast Microscopy

Condenser

annulus

Condenser specimen Objective 

lens

Phase rings

Light 

diffracted by 

specimen

Longer 

pathway

Illumination 

(zero order)



Condenser annulus replaces 
condenser variable diaphragm
Objective has phase ring in
Backfocal plane

S wave projects bright image of 
annulus onto back aperture
(Kohler illumination, conjugate
Image planes)

 Diffracted waves traverse 
    whole back aperture
    Surround waves un-
 deviated

Phase contrast: Kohler-same 
Conjugate planes as brightfield 



Electron Microscope

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’.
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The Transmission Electron Microscope

• electrons scatter when they pass through 
thin sections of a specimen

• transmitted electrons (those that do not 
scatter) are used to produce image

• denser regions in specimen, scatter more 
electrons and appear darker



TEM

• an electron beam from an electron gun is 
transmitted through an ultra-thin section of 
the microscopic object and the image is 
magnified by the electromagnetic fields. It is 
used to observe finer details of internal 
structures of microscopic objects like bacteria 
and other cells.



TEM

• In a conventional transmission electron microscope, a 
thin specimen is irradiated with an electron beam of 
uniform current density. Electrons are emitted from 
the electron gun and illuminate the specimen through 
a two or three stage condenser lens system. Objective 
lens provides the formation of either image or 
diffraction pattern of the specimen. The electron 
intensity distribution behind the specimen is 
magnified with a three or four stage lens system and 
viewed on a fluorescent screen. The image can be 
recorded by direct exposure of a photographic 
emulsion or an image plate or digitally by a CCD 
camera.





Illumination - Source is a beam of high 
velocity electrons accelerated under 
vacuum, focused by condenser lens 
(electromagnetic bending of electron 
beam) onto specimen.
Image formation - Loss and scattering of 
electrons by individual parts of the 
specimen. Emergent electron beam is 
focused by objective lens. Final image 
forms on a fluorescent screen for viewing.



Must be prompt
Cut to 1-2 mm cubes
Use sharp razor blade, avoid 
crushing
2.5% glutaraldehyde for 4 to 
12 hours
Postfixation in 1% osmium 
tetroxide



Ultrathin 
sections
on grid







(SEM) and TEM



Scanning electron microscopy is used for inspecting topographies of specimens at very high 
magnifications using a piece of equipment called the scanning electron microscope. SEM 
magnifications can go to more than 300,000 X but most semiconductor manufacturing 
applications require magnifications of less than 3,000 X only. 
During SEM inspection, a beam of electrons is focused on a spot volume of the specimen, 
resulting in the transfer of energy to the spot. These bombarding electrons, also referred to 
as primary electrons, dislodge electrons from the specimen itself. The dislodged electrons, 
also known as secondary electrons, are attracted and collected by a positively biased grid or 
detector, and then translated into a signal.

To produce the SEM image, the electron beam is swept across the area being inspected, 
producing many such signals. These signals are then amplified, analyzed, and translated into 
images of the topography being inspected. 

Scanning Electron Microscopy (SEM)





➢It is a microscope that 
produces an image by 
using an electron beam 
that scans the surface of a 
specimen inside a vacuum 
chamber.



➢The SEM uses electrons instead of light 

to form an image. 

➢ A beam of electrons is produced at the 

top of the microscope by heating of a 

metallic filament.

➢ The electron beam follows a vertical 

path through the column of the 

microscope. It makes its way through 

electromagnetic lenses which focus and 

direct the beam down towards the 

sample.



The electrons interact 
with atoms in the sample, 
producing various signals 
that can be detected



➢ Once it hits the sample, other electrons 

( backscattered or secondary ) are ejected 

from the sample. Detectors collect the 

secondary or backscattered electrons, and 

convert them to a signal that is sent to a 

viewing screen similar to the one in an 

ordinary television, producing an image.

http://www.mse.iastate.edu/microscopy/backscat2.html
http://www.mse.iastate.edu/microscopy/second2.html
http://www.mse.iastate.edu/microscopy/proimage.html


Signals from the sample

Incoming electrons

Secondary electrons

Backscattered
 electrons

Auger electrons

X-rays

Cathodo-
luminescence (light)

Sample



• the specimen is exposed to a narrow electron beam 
from an electron gun, which rapidly moves over or 
scans the surface of the specimen (Figure 4.13). This 
causes the release of a shower of secondary electrons 
and other types of radiations from the specimen 
surface.

• The intensity of these secondary electrons depends 
upon the shape and the chemical composition of the 
irradiated object. These electrons are collected by a 
detector, which generates electronic signals. These 
signals are scanned in the manner of a television 
system to produce an image on a cathode ray tube 
(CRT).











Scanning Electron Microscopy (SEM)

• The energy of the primary electrons determines the quantity of secondary 
electrons collected during inspection. The emission of secondary electrons 
from the specimen increases as the energy of the primary electron beam 
increases, until a certain limit is reached. Beyond this limit, the collected 
secondary electrons diminish as the energy of the primary beam is 
increased, because the primary beam is already activating electrons deep
below the surface of the specimen. Electrons coming from such depths 
usually recombine before reaching the surface for emission.

• The primary electron beam results in the emission of backscattered (or 
reflected) electrons from the specimen. Backscattered electrons possess 
more energy than secondary electrons, and have a definite direction. As 
such, they can not be collected by a secondary electron detector, unless 
the detector is directly in their path of travel. All emissions above 50 eV 
are considered to be backscattered electrons.



• Backscattered electron imaging is useful in distinguishing one material 
from another, since the yield of the collected backscattered electrons 
increases monotonically with the specimen's atomic number. Backscatter 
imaging can distinguish elements with atomic number differences of at 
least 3, i.e., materials with atomic number differences of at least 3 would 
appear with good contrast on the image. 

• A SEM may be equipped with an EDX analysis system to enable it to 
perform compositional analysis on specimens. EDX analysis is useful in 
identifying materials and contaminants, as well as estimating their relative 
concentrations on the surface of the specimen. 

Scanning Electron Microscopy (SEM)

http://www.siliconfareast.com/edxwdx.htm




• high magnification at high resolution

• technique largely standardized

• some ultrastructural features are highly 
specific for certain cell types or diseases



• equipment expensive 

• procedures time consuming (staff costly)

• small samples lead to possible sampling error 
and misinterpretation

• optimum tissue preservation requires special 
fixative and processing

• much experience is needed for interpreting 
the results



• Thank You
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