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Agenda 

Sensors getting worse, pictures getting better ! 

  

< Pixels getting smaller, 

< Noise getting worse, 

< Scaling of Technology, 

< Scaling of Photonics, 

< Future Outlook, 

< Conclusion. 
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Number of Pixels 

Too low Too high OK 
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Pixel Size 

Too large Too small OK 
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Scaling Rules 

< Pixel width  ~ p 

< Pixel area   ~ p2  

< Chip area   ~ p2 

< Chip cost     ~ p2  

< Energy per image ~ p3 

< Lens volume  ~ p3  

< Camera weight     ~ p3 

< Depth of field   ~ p1  

< Depth of focus  ~ p1 

< Signal-to-noise ratio  ~ p2  

< Dynamic range  ~ p2  
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Pixel Evolution 
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Pixels Getting Smaller 

The need for smaller pixels is market(ing) and cost 

driven : 

< ñMoreò seems to be better, 

< Chip size needs to be kept small(er) : 

< More pixels on the same chip, 

< Same amount of pixel on a smaller chip. 

 

© 2012 A. Theuwissen 



Photon Shot Noise (1) 

Origin : statistical variation on the number of photons 

falling on a pixel, and thus on the number of 

generated electrons. 

time 

Ref : drawing after F. Dierks 
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Photon Shot Noise (2) 

Value : so =    No =    Qo/q 

so : photon shot noise [e-] 

No : photon generated electrons [e-] 

Qo : photon generated signal [C] 

q : electron charge [= 1.6·10-19 C] 

Bad news  : you can not avoid the photon shot noise !  

Good news  : competition suffers from the same issue ! 
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Signal-to-Noise 

S/N = 3 dB 6 dB 10 dB 20 dB 40 dB 60 dB perfect 
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Photon Shot Noise (3) 

S/N = signal/noise = signal/  signal =   signal 

In the most ideal case where the sensor and the 

camera has no noise, the S/N will be determined by 

the photon shot noise : 

(S/N)MAX = (  signal )MAX =   signalSAT 

signalSAT = (40 dB)2 = 1002 = 10,000 electrons  

To make a good quality image, the sensor needs to be  

able to store at least 10,000 electrons.  
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Noise Getting Worse 

In the most ideal case : photon shot noise will 

determine the noise floor.  Smaller pixels inherently 

result in more noisy pictures. 

 

In the real case where more noise sources are present, 

the issue is becoming only worse. 

 

Conclusion : get as many as possible 

photons/electrons in these tiny pixels !!! 
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CMOS Scaling (1) 
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Ref : G. Moore, Electronics, vol. 38, 1965 
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CMOS Scaling (2) 

ITRS Roadmap 
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CMOS Scaling (2) 

ITRS Roadmap 
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Scaling of Technology 

CMOS image sensor technology development is 

driven/supported by CMOS technology in general.   

This does allow further scaling of :  

< Minimum dimensions, 

< Pixel size, 

< Power supply, 

< Power consumption, 

< Speed. 
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Resolution Limit (1) 

DAiry = 2.44ĀlĀF 

Airy disk diameter : 

Res = 1.22ĀlĀF 

Rayleigh resolution limit : 

DAiry 
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Resolution Limit (2) 
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Scaling of Photonics 

 

 

For the pessimists :  

   Photonics do not scale ! 
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Scaling of Photonics 

 

 

For the pessimists :  

   Photonics do not scale ! 

 

For the optimists :  

   Photonics scale with a factor 1x/year !   
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Summary So Far 

 

CMOS supports to shrinkage of the pixels in 

combination with more powerful processing options, 

but the pixel still needs to contain a photodiode to 

keep up its sensitivity and storage options. 

 

Sensitivity improvements :   

< Micro- and inner-lenses, 

< Wave-Guides, 

< Back-Side Illumination, 

< Pixel Binning. 
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Micro-Lenses (1) 
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Micro-Lenses (2) 
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ŀŦǘŜǊ Υ WΦ DŀƳōƛƴŀ Ŝǘ ŀƭ Υ ά/ah{ ƛƳŀƎŜ ǎŜƴǎƻǊ ǿƛǘƘ  ƘƛƎƘ ǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄ ƭƛƎƘǘǇƛǇŜέΣ LL{² нллфΣ .ŜǊƎŜƴΣ ŀƭǎƻ ǇŀǘŜƴǘ ¦{тΣоонΣ368 . 
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ǊŜŦ Υ WΦ DŀƳōƛƴŀ Ŝǘ ŀƭ Υ ά/ah{ ƛƳŀƎŜ ǎŜƴǎƻǊ ǿƛǘƘ  ƘƛƎƘ ǊŜŦǊŀŎǘƛǾŜ ƛƴŘŜȄ ƭƛƎƘǘǇƛǇŜέΣ LL{² нллфΣ .ŜǊƎŜƴΣ 
ǊŜŦ Υ wΦ CƻƴǘŀƛƴŜ Υ ά! ǊŜǾƛŜǿ ƻŦ ǘƘŜ мΦп ǳƳ ǇƛȄŜƭ ƎŜƴŜǊŀǘƛƻƴέΣ LL{² нлммΣ IŀƪƻŘŀǘŜΦ 
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