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How do we see normally? 

• What is light?

Light propagates as wave packets



How do we see normally? 
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The use of electrons
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The use of electrons
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Light Electrons



The use of electrons

We need to speed them up

E-gun Hands up!



First Electron Microscope

Ruska and Knoll

Ruska’s sketch from his PhD work



First Electron Microscope

Can read more about it as supplementary material

X16 Mag-1931

X400 Mag-1932



Building an SEM-1 Source of Illumination



Building an SEM-2 Beamguide



Building an SEM-3 Vacuum



Building an SEM-3 Vacuum

High Pressure Low Pressure



Building an SEM-4 Detection



Building an SEM-4 Detection

High-Low Z contrastTopography



Building an SEM-4 Detection

Chemical Composition



Building an SEM-5 Scanning

Raster on Sample Pixels on screen image

Larger raster areas = Low mag. Smaller raster areas = Higher mag. 

Raster on Sample Pixels on screen image



Building an SEM-5 Scanning

8-bit 64-bit 

Large spot size Small spot size



Building an SEM-5 Scanning

X, Y 

Coordinate

Time

(µSec.)

1, 10 0:01
2, 10 0:38
3, 10 1:15
4, 10 1:52
5, 10 2:29
6, 10 3:06
7, 10 3:43
8, 10 4:20
9, 10 4:57
10, 10 5:04
11, 10 5:11
12, 10 5:18

Time Signal 

Intensity

0:01 ◼◼◼◼◼◼◼◼

0:38 ◼◼◼◼◼◼◼◼

1:15 ◼◼◼◼◼◼◼◼

1:52 ◼◼◼◼◼◼◼◼

2:29 ◼◼◼◼◼◼◼◼

3:06 ◼◼◼◼◼◼◼◼

3:43 ◼◼◼◼◼◼◼◼

4:20 ◼◼◼◼◼◼◼◼

4:57 ◼◼◼◼◼◼◼◼

5:04 ◼◼◼◼◼◼◼◼

5:11 ◼◼◼◼◼◼◼◼

5:18 ◼◼◼◼◼◼◼◼



Guessing Game-1

Can you guess what they are?

Ant’s eye

Nanoparticle

Magic Eraser

Pollens

Nanowire

Blood Cell



Guessing Game-2

Can you guess what they are?

Ant’s eye Au NP Magic Eraser

Pollens Ag Nanowire Blood Cell



SARS-Cov-2

Scanning Electron Microscope image of SARS-CoV-2 (gold) 

emerging from the surface of cells cultured in lab by National 

Institute of Allergy and Infectious Diseases-

https://www.flickr.com/photos/niaid/49557785797, CC BY 2.0

Novel Coronavirus SARS-CoV-2, also known as 

Covid 19, scanning electron microscope image by 

NIAID / CC BY 

(https://creativecommons.org/licenses/by/2.0)



SARS-Cov-2

June Almeida in 1963 as she is gaining a 

reputation for extending the range of the electron 

microscope to new limits. - Getty Images

One of the first micrographs belonging to coronaviruses –

Getty Images

June Almeida (née Hart) an internationally renowned 

virologist who developed innovative methods for 

the identification of viruses under an electron 

microscope.

Born in Scotland in 1930. 

Father bus driver, lost brother to diphtheria

Did not have the funds to go to college

Left secondary school and worked as a technician



SARS-Cov-2

Moves to Canada in 1954 for an open position as a technician at the Ontario Cancer Institute.

Masters the technique called negative staining to heighten the contrast of EM images.

Turns out to be revolutionary for virology. Publishes her work in Science in 1963. 

Obtaines Doctor of Science degree in 1964.

Recruited back to the UK in 1964, works on hepatitis B, common cold, HIV…

Identifies Coronaviruses in 1966! 

Collects a sample from a schoolboy in Surrey (sample B814).



SARS-Cov-2

Can read more about it as supplementary material



SARS-Cov-2

Changes in 2hrs to 48hrs



Remotely Accesible Instruments for 
Nanotechnology (RAIN)

Remote Access | Nano4me.org

http://nano4me.org/remoteaccess


SEM Imaging Starts… 



Sample-1 Blue Morpho Butterfly



Sample-1 Blue Morpho Butterfly

Naturally occurring Photonic Crystal



Sample-1 Blue Morpho Butterfly

Blue Light incoming Red Light Incoming 



Sample-1 Blue Morpho Butterfly

1 1 2 2sin sinn n =

Willebrord Snellius



Sample-1 Blue Morpho Butterfly

Remember Snell different refractive index



Sample-1 Blue Morpho Butterfly

400nm => blue 

reflected

Direction 

of Light
Let us say: Blue color Let us say: Red color



Sample-1 Blue Morpho Butterfly

Direction of 

Light

Impenetrable forest



Sample-2 Gold Nanoparticles

Nanoantennas!

Resonance Action



Sample-2 Gold Nanoparticles

Electron Microscope data



Sample-2 Gold Nanoparticles

Tacoma Narrows Bridge



Sample-3&4 Lotus Leaf and C-Nanowires

•What do we call things 
that absorb water?

Hydrophilic

•What do we call things 
that repel water?

Hydrophobic



Sample-3&4 Lotus Leaf and C-Nanowires

https://youtu.be/w_Ax-qR1flc


Sample-3&4 Lotus Leaf and C-Nanowires

https://youtu.be/yxyCLoYfexo


Sample-5 Gecko Hand

Difficult to propagate a crack or a defect



Sample-5 Gecko Hand

Click on me

Click on me

https://youtu.be/8rS4fTDf5Mw
https://youtu.be/o5lMJtQOKSY
https://youtu.be/nKgvPX_R25E


Sample-6 Cicada wing

Cicada Wings: a mold from Nature

The cicada wings consist of ordered hexagonal close-packed arrays of pillars with a spacing of about 190nm.

The height of the pillars is about 400nm and the diameters at the pillar top and bottom are about 80nm and

150nm, respectively.



Sample-6 Cicada wing

Nano-imprinting?



Thank you, any questions?

aoc10@psu.edu

Please do not forget to use the office 
hours for any questions and 
discussions

mailto:aoc10@psu.edu

