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3-D Tomography in a  
Transmission Electron  
Microscope – What is it? 
The transmission electron microscope (TEM) operates on the same basic principles as the 
light microscope. But TEMs have the ability to get a resolution that is a thousand times better 
because they use electrons instead of light. Electrons have a much lower wavelength, which 
allows the instrument’s user to see extremely fine detail—right down to a single column of 
atoms. This is particularly useful in nanotechnology research and the production of products 
that use nanocomponents.

Electron tomography using a TEM—the imaging by sections or sectioning, using electrons as the 
penetrating wave—enables users to get a detailed three dimensional (3-D) view of nanomaterials 
by collecting hundreds of density projections. The images are each taken at a slightly different tilt 
angle and are then reassembled into 3-D reconstructions through advanced software programs to 
give a clear, detailed picture of the dimensions (density, size, shape, and roughness) of even the 
tiniest materials. 

Why is 3-D tomography in a TEM important?
Electron tomography in a TEM produces a 3-D image that is qualitatively different than images 
produced by other means. It provides a detailed image that can separate and recognize 
the distance between nanoparticles, and measure their size and even their roughness. It is 
comparable to the difference in detail between a topographical map (that shows the mountains, 
valleys, contours, cliffs, and depressions), and an aerial photo, which offers very little detail. 

With recent advances in nanotechnology and the semiconductor industry there is an increasing 
need for high-resolution 3-D structural information. To design and control structures and devices 
at the nanoscale—and to ensure they function as they should—scientists need techniques that 
illuminate increasingly complex structures at ever finer length scales. 

The 3-D image that electron tomography in a TEM produces is particularly useful in the production 
of computer chips and in understanding nanoparticles that are used in almost everything around 
us—from our cell phones and laptops to catalysts in our cars to toners in our printers. 
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Why do we need a standard for 3-D  
tomography in a TEM? 
As nanotechnology is poised to be the manufacturing technology of the 21st century, we need a 
standard in place that specifies the method for quantitative measurement of dimensions at the 
nanoscale. Nanotechnology companies need to be able to certify their products at nearly atomic 
resolution (at around ~1 nm). They also need a fast tool for performing diagnostic tests and 
troubleshooting production processes. Having these tools is key to ensuring companies have  
a competitive advantage and to facilitating the flow of goods between countries. 

Electron tomography in a TEM has the potential to respond to these needs. To do so, we need 
to better understand this technology and its potential. We also need standards to ensure the 
images and measurements produced by electron tomography in a TEM are reproducible and 
accurate. Simply producing a 3-D image is not enough as the image may not be reliable for 
quantitative measurements. 

Without standards in place, results can vary widely depending on a particular combination of data 
acquisition, processing and interpretation tools. For example, if the full tilt range is not performed 
when collecting the hundreds of images used to produce the 3-D image, a nanoparticle may look 
elongated when in reality it is not. A standard would solve this problem by ensuring the full tilt 
range was always performed. This standard could be applied to validate calibration standards 
for a variety of nano-characterization tools, particularly nano-characterization instruments and 
artefacts, to ensure that they are applied in a consistent way.

Although nanotechnology has many 
useful and exciting applications, we do 
not yet fully understand its environmental 
implications as it is a relatively new field. 
Because small particles can be extremely 
reactive, any material at the nanoscale 
has the potential to be a health and safety 
or environmental problem—from metal 
particles in catalysts (from power plants 
and burning coal) to carbon nanotubes 
and nanowires. As we continue to 
understand these nanoparticles, we are 
only beginning to identify the dangers they 
might represent. A standard would enable 
the reliable measurements of nanoparticles 
so we can evaluate their impact and 
establish necessary regulations to protect 
our environments, our industries and 
our citizens. 
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Who would benefit from a standard for 3-D  
tomography in a TEM? 
A standard for tomography in a TEM would benefit a broad range of stakeholders—from 
companies that manufacture products with nanocomponents to environmental protection 
agencies that measure contaminants in our environment to governments around the world 
needing guidance on the production and disposal of nanocomponents. 

It would allow industries that make nanoscale devices—such as computer processor circuits, 
actuators and sensors—a traceable means to measure their form and structure, such as the 
roughness of interfaces buried within a device. Companies that use catalyst nanoparticles or 
composite polymer nanoparticles (such as pigments) would be able to more accurately detect 
and characterize those nanoparticles, and it would enable the pulp and paper industry to certify 
nanocrystalline cellulose fragments (cellulose which is extracted from woody biomass). By 
allowing companies around the world that use or produce nanomaterials to verify what they are 
selling, this standard will also open the doors to international trade. 

A standard method for obtaining the shape and size of objects at nearly atomic resolution in 3-D is 
also critical when evaluating the environmental or health and safety implications of nano-enabled 
products. This standard would also enable environmental protection agencies to calibrate tools for 
detecting nanoparticle contaminants in the environment.

How does this proposal fill current gaps?
Existing standards for nanoscale characterization are developed either for the measurement 
of exposed two-dimensional (2-D) objects—such as surfaces and objects on surfaces—or 
2-D projections of 3-D objects. Current traceable polystyrene latex nanoparticles suffer from 
shape distortion and are characterized by atomic force microscopy that does not reveal the 
3-D shape. While the scientific community uses various artefacts, such as atomic lattice spacing 
in silicon or gold single crystals or silicon-germanium multilayer samples, the methods are not 
included in current ISO standards. 

The proposed standard would provide a general method that is applicable to a wide variety 
of 3-D samples with nano-enabled components. It would also complement ISO 10797 
Nanotechnologies - Characterization of single-wall carbon nanotubes using transmission  
electron microscopy by introducing 3-D aspect of characterization by electron microscopy.
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The path forward – What are the next steps?
The success of this proposal depends on the valuable knowledge and expertise of ISO subject 
matter experts to determine the steps of 3-D tomography in a TEM that will ensure consistent and 
reliable quantitative measurement results that can be certified. The Standards Council of Canada 
(SCC) asks all ISO national standards bodies to actively consult with a range of stakeholders 
within their countries to support and participate in the development of this standard. 

By supporting this standard, ISO has the opportunity to fill a critical gap that currently exists 
within the field of nanotechnology. The participation of ISO members and industry experts will 
help electron tomography become an accepted nanometrology tool for the purpose of trade and 
goods certification, as well as for the evaluation of health and safety of nanotechnology products. 

Developing this standard will entail evaluating the various approaches in data acquisition, 
processing and interpretation to provide comprehensive input for selecting the proper 
tools and methods. The selected methods must be tested on a variety of artifacts and the 
processes formalized to create an agreed upon, easy-to-follow recipe using affordable and 
accessible instrumentation. 

SCC looks forward to working with you to advance this standard. 
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