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Historic Figures in optical 
microscopy

Robert Hooke
(1635-1703)

Micrographia 
(1665)  with 
observations 
and figures 
made with 

microscopes 
(and 

telescopes) 
coining the 
term cell

Ernst Abbe 
(1840-1905)
Dir. At Zeiss

Apochromatic 
(no distortion) 
lens, improving 

optics,  
resolution limits 

for optical 
microscopes

Antony van Leeuwenhoek
(1632-1723)

Royal Society published 
in 1673 

observations with a
high-quality  single-lens

optical microscope

Giovan Battista Odierna 
(1597-1660) astronomer but 
using lenses to observe the 
microscopic world (L’occhio 

della Mosca, 1654). 
Galileo Galilei invented the 

compound microscope 
“occhiolino” in 1609 (2 lenses).

Microscope by Carl Zeiss 
(1879) with optics by Abbe

Hooke’s 
microscope 
(~1660)



Typical microscope components

All modern optical microscopes designed for viewing samples 
by transmitted light share the same basic components of the 
light path. In addition, the vast majority of microscopes have the 
same 'structural' components
Eyepiece (ocular lens) (1)
Objective turret, revolver, or revolving nose piece (to hold 
multiple objective lenses) (2)
Objective lenses (3)
Focus knobs (to move the stage) 
Coarse adjustment (4), Fine adjustment (5)
Stage (to hold the specimen) (6)
Light source (a light or a mirror) (7)
Diaphragm and condenser (8)
Mechanical stage (9)

https://en.wikipedia.org/wiki/Objective_%28optics%29
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Mirror
https://en.wikipedia.org/wiki/Condenser_%28microscope%29


Illumination techniques

Many techniques are available which modify the light path to generate an improved contrast 
image from a sample. Major techniques for generating increased contrast from the sample 
include cross-polarized light, dark field, phase contrast and differential interference contrast 
illumination. Tissue paper 

Bright field illumination, sample contrast comes from absorbance of light in the sample.

Dark field illumination, sample contrast comes from light scattered by the sample.

https://en.wikipedia.org/wiki/Contrast_%28vision%29
https://en.wikipedia.org/wiki/Polarized_light_microscopy
https://en.wikipedia.org/wiki/Dark_field
https://en.wikipedia.org/wiki/Phase_contrast
https://en.wikipedia.org/wiki/Differential_interference_contrast
https://en.wikipedia.org/wiki/Bright_field_microscopy
https://en.wikipedia.org/wiki/Absorbance
https://en.wikipedia.org/wiki/Dark_field
https://en.wikipedia.org/wiki/Scattered_radiation


Typical optical (light) resolution

Assuming that optical aberrations in the whole optical set-up are negligible, the 
resolution d, can be stated as:

Usually a wavelength of 550 nm is assumed, which corresponds to green light. 
With air as the external medium, the highest practical NA is 0.95, and with oil, up to 
1.5. In practice the lowest value of d obtainable with conventional high quality 
lenses is about 200 nm.
The numerical aperture (NA) of an optical system is a dimensionless number that 
characterizes the range of angles over which the system can accept or emit 
light.Numerical aperture is commonly used in microscopy to describe the 
acceptance cone of an objective. the numerical aperture of an optical system such 
as an objective lens is defined by NA= n sin   θ  where n is the index of refraction of 
the medium in which the lens is working (1.00 for air, 1.33 for pure water, and 
typically 1.52 for immersion oil) and θ is the maximal half-angle of the cone of light 
that can enter or exit the lens.

https://en.wikipedia.org/wiki/Green
https://en.wikipedia.org/wiki/Earth%27s_atmosphere
https://en.wikipedia.org/wiki/Dimensionless_number


How is Resolution Affected by 
Wavelength?

The De Broglie’s 
relationships works 
for massive 
particles like 
electrons. So in 
principle the 
resolution limit can 
be pushed down to 
the atomic size. 



Electron Microscopy
the beginners

Ernst A. F. 
Ruska
(Nobel prize in 
Physics 1986)  

Max Knoll  
(1897-1969) 
1931: First 
transmission 
electron 
microscope
  

TEM protoype 1933

Manfred Von 
Ardenne  
(1907-1997) 
1937: First 
scanning 
electron 
microscope
  



Development of electron microscopy



Comparing Microscopes

OPTICAL 
MICROSCOPE

ELECTRON 
MICROSCOPE

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

under vacuum

The source of  
illumination  

Any light source 
illuminating the sample

Electrons are used to “see” –
light is replaced by an 
electron 

gun built into the column
The lens type Glass lenses Electromagnetic lenses

Magnification 
method

Magnification is changed 
by moving/changing the 

lens

Focal length is charged by 
changing the current through 

the lens coil

Viewing the 
sample 

Eyepiece (ocular)+ digital 
camera

Fluorescent screen or 
digital camera





m



How does SEM works? Image formation



How does SEM works?











© 2013 FEI

CORE TECHNOLOGY: The Electron 
Gun

Three main sources 
 of electrons:

 Tungsten
 LaB6 (lanthanum hexaboride)

 Field Emission Gun (FEG)

 Different costs and 
 benefits of each



Electron guns



CORE TECHNOLOGY: Electromagnetic 
Lenses

electron beam

soft iron pole piece

electrical coil

The electron beam size and 
direction can be finely tuned
through EM lenses. Need 
advanced electronics.



CORE TECHNOLOGY: Vacuum

Electrons can freely propagate only in high-vacuum conditions. So an efficient 
pumping system is necessary for the column.



SEM sample preparation



SEM sample preparation (cont.)

Sputtering system (Cr, Au, C)



Stubs and samples for SEM

 Stubs with samples (of various shapes) are placed in 
a revolver and inserted in the SEM chamber

  

Coffee beans



Physics of SEM

Probing depth and ultimate 
resolution depend on the 
detected signal



Secondary and backscattered electrons



Secondary electron detection



-Detect composition differences
-Show topography
-Show crystal orientation
-Show grain boundaries, phase 
boundaries, and other crystal 
features

● High atomic number (Z) -> greater 
elastic scattering & shorter 
penetration depth

● Greater elastic scattering → better 
spatial resolution 

● Materials with low Z have greater 
inelastic scattering

● High Z materials appear brighter

Backscattered electrons



x-ray generation



x-ray generation



SEM @Unicam (2016)

SEM (FEG)
Zeiss Sigma300 controls

Zeiss Sigma300 body

Sample coater by sputtering



SEM Optics and detectors @Unicam



BSE and secondary electrons images
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