
Image Sensors
• Super important part of the microscope 

• Three major properties: 

• Size (Sampling Resolution) 

• Sensitivity 

• Speed



Image Sensors
• Historically, there was film.  

• Now, almost everything is digital. 

• CCD 

• CMOS 

• PMTs and other fast, high-efficiency devices 

• Also, some new really cool technology with nanowire etc. 
is being developed for extreme sensitivity and temporal 
resolution on every pixel



Photographic Film

2AgBr+hν→2Ag+Br2



Photon energy



Silver grain size

SEM image from RPI project 





Nik Collection by Google: Silver Efex Pro (free) 



Color film



Digital Sensors
• Much more sensitive 

• View and manipulate digitally



Digital Image



Matrix of gray-level values



Bit depth

• Binary: 0 and 1 

• 8 bit: 0 up to (2^8 =) 256 

• 16 bit: 0 up to (16^2 =) 65,536 

• 32 bit: 0 up to (32^2 =) 4,294,967,296



8-bit vs. Binary



Digital Color Image





Digital Color Image
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Bayer pattern



We lose light



Dichroic Mirrors, 
Multiple Cameras

• N



Digital Cameras



Break Time



Recording a Digital Image



The Pixel



Doped Silicon

Donors, Group V impurities:  
Phosphorous, Arsenic and Antimony

Acceptors, Group III impurities:  
(e.g. Boron, Gallium and Indium) 



Photogate



Holes move



Energy required to knock it: 
~1.2 eV ~ 1 μm wavelength

• Infrared 

• Now commercially available 

• Different material lenses  
(e.g. Gallium Arsenide)



CCD read-out





CCD vs CMOS



Increase effective fill factor



Other imaging modes 
(PMTs)

https://www.olympus-lifescience.com/de/microscope-resource/
primer/techniques/confocal/detectorsintro/



Digital X-ray



SPEED

Temporal Sampling



Rolling Shutter/Global Shutter  
and Artifacts



Stopping Time

Harold Edgerton's Kodatron strobe (1/3,000s)



Flash Strobe



Shadow Photography

http://edgerton-digital-collections.org/techniques/shadow-photography

http://edgerton-digital-collections.org/techniques/shadow-photography


Spatial Sampling





Recap from last week 
The Microscope:

Tube 
Lens

Objective



Resolution



Abbe Limit of Resolution

Lateral resolution is classically limited by diffraction to ~200nm 
(determined by Numerical Aperture NA and wavelength) 

d = λ / (2×NA)

Example for green light with high NA objective:  d = (550 nm) / (2×1.4) ≈ 200 nm



Resolution and Magnification
• Example: 

• We have a CCD camera with 512x512 pixels of 16x16 
microns size 

• We have a 100x objective with NA =1.5 

• Resolution: (0.5)/(2*1.5)  ≈ 166 nm 

• 100X mag =>  ≈ 16.6 microns in image space 

• => We need to sample at twice this  ≈ 8 microns 

• => This camera will not work well for us




