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I am not a Scientist

I am a Research Technologist



Units of Measurement

• 1 mm = 1000 microns
• 1 mm = 1 million nanometers
• 1 micron = 1000 nanometres



Gold Nano-particles on Filter Paper



Never underestimate an individual’s ability to 
teach.

Me and the Teamsters!



How to fall into a life long career by 
being in the right place at the right 

time!
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Hair from Jeff’s head



Transmission Electron Microscopy (TEM)
Max Knoll and Ernst Ruska 

• Are generally recognized as developing the first transmission electron microscope in the early 
1930’s.

• Ruska went on to commercially develop the TEM at Siemens in 1938.
• Meanwhile Prof. E. Burton supervised the development of the TEM at the University of Toronto 

with James Hillier, Cecil Hall and Art Prebus and this led to the production of the RCA Model B.
• JEOL also developed a TEM in the late 30’s and in the UK Prof. L.C. Martin at Imperial College 

developed the TEM that was commercialized as the EM1 by Metropolitan Vickers.



North American microscopes



Quantum Wells in GaAs Device



Transmission electron microscopes (TEMs) 

A TEM has a lot in common with an ordinary optical 
microscope. You have to prepare a thin slice of the specimen 
quite carefully (it's a fairly laborious process) and sit it in a 
vacuum chamber in the middle of the machine. When you've 
done that, you fire an electron beam down through the 
specimen from a giant electron gun at the top. The gun uses 
electromagnetic coils and high voltages (typically from 50,000 
to several million volts) to accelerate the electrons to very high 
speeds. Thanks to our old friend wave-particle duality, 
electrons (which we normally think of as particles) can behave 
like waves (just as waves of light can behave like particles). The 
faster they travel, the smaller the waves they form and the 
more detailed the images they show up. Having reached top 
speed, the electrons zoom through the specimen and out the 
other side, where more coils focus them to form an image on 
screen (for immediate viewing) or on a photographic plate (for 
making a permanent record of the image). TEMs are the most 
powerful electron microscopes: we can use them to see things 
just 1 nanometer in size, so they effectively magnify by a 
million times or more. 



How a Transmission Electron Microscope (TEM) works 
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JEOL 2100 TEM



Typical TEM Cross-Section



Focused Ion Beam

The Focused Ion Beam (FIB) column is an optical instrument 
which focuses and scans an accelerated ion beam on a sample 
in a vacuum chamber. Such a column can be used for two main 
purposes:
To form scanning ion images by collecting the secondary 
electrons (SE) generated by the interaction of the incident ions 
and the sample surface.
To locally sputter the material surface to directly fabricate 
arbitrary nanostructures.
The most commercially available FIB systems are using gallium 
(Ga) ions for micromachining of the surfaces.



Zeiss Crossbeam 350 FIB



Liquid Metal Ion Sorce



Investigation of Sub-surface at Narrowest Point on 
Device



FIB Cross-section for SEM



TEM Sample preparation in Tescan FIB



FIB Cross Section



SEM Image of FIB Cross-section



Red Blood Cells on Bone Tissue

Red Blood cells on Bone Tissue Bone Tissue



Our Invitation to the Order of Canada

Mr. James Hillier 
Princeton, United States of America 
Order of Canada
Honorary Officer of the Order of Canada

• Awarded on: April 17, 1997 
• Invested on: November 5, 1997 

He is known internationally as the co-inventor of one of the scientific wonders of the modern 
world. The electron microscope has opened up the tiniest corners of the universe to the 
scrutiny of medical and space researchers, biologists, chemists, geologists and a multitude of 
others. Having dedicated his career to promoting its use in hospitals, universities and research 
centres, he also encourages young people to pursue careers in science and has contributed 
generously to a scholarship fund for students in his hometown of Brantford, Ontario. 



James Hillier Obituary 
by Sterling Newberry

James Hillier, who initiated or helped initiate some of the major electronic advances of the past 75 years, died 
of a stroke on 15 January 2007 in Princeton, New Jersey. His first and perhaps most important contribution was 
his role in creating the first commercially successful electron microscope in North America. 

Born 22 August 1915 in Brantford, Ontario, Canada, Hillier went to the University of Toronto, where he earned 
his BA in 1937, MA in 1938, and PhD in 1941, all in physics. The physics department had been working to 
produce a high-resolution microscope under the direction of Eli Burton. Hillier and Albert Prebus were assigned 
to the effort in December 1937. They asked permission to go from 40 kV to 60 kV and to use direct exposure on 
photographic plates instead of taking a picture of the fluorescent screen. Based on their freehand drawings of 
the design changes, Burton let them alter the existing microscope and start building what became the 
successful electron microscope. 

The last time I saw him, we talked as usual about friends we had lost but mainly about the future of 
technology. When I asked if he regretted having to do graduate work in physics instead of art—he 
received a physics and math scholarship to Toronto—he said, “I enjoy drawing and painting to clear my 
thinking or bond with other people, but the day I was forced into electron microscopy was the luckiest 
day of my life.”

https://physicstoday.scitation.org/author/Newberry,+Sterling


How a SEM Works



Scanning electron microscopes (SEMs)

Most of the funky electron microscope images you see in books—things like wasps holding 
microchips in their mouths—are not made by TEMs but by scanning electron microscopes 
(SEMs), which are designed to make images of the surfaces of tiny objects. Just as in a TEM, the 
top of a SEM is a powerful electron gun that shoots an electron beam down at the specimen. A 
series of electromagnetic coils pull the beam back and forth, scanning it slowly and 
systematically across the specimen's surface. Instead of traveling through the specimen, the 
electron beam effectively bounces straight off it. The electrons that are reflected off the 
specimen (known as secondary electrons) are directed at a screen, similar to a LED screen, where 
they create a TV-like picture. SEMs are generally about 10 times less powerful than TEMs (so we 
can use them to see things about 1.0 nanometers in size). On the plus side, they produce very 
sharp, 3D images (compared to the flat images produced by TEMs) and their specimens need less 
preparation.

https://www.explainthatstuff.com/television.html




Canadian Manufactured SEM

• Nanolab 7



BNi Nano-tubes



Hitachi SU5000 VPFESEM



Backscattered Electron Image of Vanadium Bearing 
White Cast Iron



Energy Dispersive X-Ray Analysis (EDX)



Fundamentals of EDX



EDX  Analysis of Composite Material





Case Study

• The purpose of this analysis is to determine the thickness of a Ag-
polymer layer on the surface of a plastic substrate.
• Equipment used: Pt Sputter Coater, FIB, SEM.



FIB





TiO Sphere



Let’s Go Digital!!



Thickness of Au Pad



Injection of Bacteria into Rubber



BEI Image of Mineral



Poly-Styrene Nano-Spheres



Common House Fly



Compound Eye of a hornet



Hornet


