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Nanotechnology is the study and manipulation of 
objects in the approximate size range 1–100 nm (1 nm 
= 1 × 10–9 m).

Electron microscopes are important instruments for 
nanotechnologists. Both particle and wave models are needed 
to explain how they work. In a scanning transmission electron 
microscope (1), an electron gun (2) accelerates electrons to high 
energy. The electron beam is steered using magnetic lenses (3) 
and focused to a fine spot on the object being studied, which 
absorbs and scatters electrons. Sensors detect the intensity of the 
beam transmitted through the object, and the spot is scanned in 
a grid pattern to build up an image (4). 

A microscope’s resolution (the smallest detail it can 
distinguish) is limited by instrumental effects and by the 
radiation that it uses (5). The newest STEM instruments can 
achieve a resolution of about 0.05 nm. 

Nanotechnology
2 Electron gun

Electrons accelerated through 
a potential difference, V, gain 
kinetic energy Ek:

Ek = eV

where the electron charge  
e = 1.60 × 10–19 C. 

1 eV (electronvolt) is the energy 
transferred to an electron that is 
accelerated through 1 V.  
1 eV = 1.60 × 10–19 J. 

STEM instruments typically 
accelerate electrons through 
about 100 kV, giving them kinetic 
energies of about 100 keV.
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An electron moving with speed v in a magnetic field B 
experiences a force F at right angles to its direction of motion 
and to the field:

F = Bev sin q
where q is the angle between the field and the electron’s 
motion. This force steers the electrons in a curved path. 

5 Electron wavelength

The electrons form a beam of radiation with wavelength λ, 
which is their de Broglie wavelength:

λ = 
h
p

where p is momentum, and h is the Planck constant: 
h = 6.63 × 10–34 J s 

For an electron with mass m (9.11 × 10–31 kg) moving at a speed 
v that is much less than the speed of light (c = 3.00 × 108 m s–1):

p = mv

=  2mEk

λ = 
h

2mEk

A 100 keV electron has λ ≈ 4 × 10–12 m.

6 Silicon atoms (yellow) in a graphene sheet. 
The distance between atomic centres is 
about 0.142 nm 
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1 A scanning transmission electron microscope
 (STEM)

Current nanotechnology research is wide-ranging, with STEM 
images now giving us an unprecedented view of the world on an 
atomic scale (6). 

The latest electron microscopy technique, cryo-EM, involves 
flash-freezing a solution of biological molecules to reduce their 
random thermal motion. The resulting STEM images allow 
scientists to see the 3D shapes of protein molecules (7), leading 
to a better understanding of how malfunction can be targeted 
with drugs. 

Atomic and close-to-atomic scale manufacturing (ACSM) 
promises to have applications in such diverse fields as quantum 
computing and nanomedicine. Perhaps one day nanobots will 
even be able to hunt and destroy viruses (8). 

4 SEM image of Staphylococcus aureus 
bacteria (yellow) on skin. Each bacterium has a
diameter of around 500 nm 

7 A cryo-EM image of the protein apoferritin,
provided by Paul Emsley, MRC Laboratory of 
Molecular Biology




