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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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harvest . Scaling R

imaging

< Pixel width ~P
< Pixel area ~ p?
< Chip area ~ p?
< Chip cost ~ p?
< Energy per image ~p3
< Lens volume ~p3
< Camera weight ~p3
< Depth of field ~ pt
< Depth of focus ~ pl
< Signal-to-noise ratio ~p?
< Dynamic range ~ p?
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harvest . Scaling R
imaging
< Pixel width ~P
< Pixel area ~ p?
< Chip area ~ p?
< Chip cost ~p2 ¢
< Energy per image ~P° | Camera switched
< Lens volume ~p3 off
< Camera weight ~p3
< Depth of field ~ pl
< Depth of focus ~P* | Camera switched
< Signal-to-noise ratio ~p? on
< Dynamic range ~ p?
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I harvest . Pixels Getting S
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The need for smaller pixels is market(ing) and cost
driven :

<AMreo 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.
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Origin : statistical variation on the number of photons
falling on a pixel, and thus on the number of
generated electrons.
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Ref : drawing after F. Dierks
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I harvest . Photon Shot No
imaging

VN, =V Q,/q

S, : photon shot noise [e7]

N, : photon generated electrons [e]
Q, : photon generated signal [C]

g : electron charge [=1.6:101° C]
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Bad news : you can not avoid the photon shot noise!

Good news : competition suffers from the same issue'!
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SignaNolIs

SIN= 3dB 6dB 10dB 20dB 40dB 60 dB perfect
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I harvest . Photon Shot No
imaging

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 = signal/noise = signalA/signal =vVsignal

(S/N)wmax = (Vsignal )yax = Vsignalgar
sighalg,r = (40 dB)? = 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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I haryest . Noise Getting
imaging

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 Scali
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Scaling of Tech
imaging

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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«—> D

Airy

Airy disk diameter :
Dary= 217 4 A

Rayleigh resolution limit :
Res =1&.22
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Resolution LI

F\I (mm)| 0.40 0.45 0.50 0.55 0.60 0.65 0.70
32 15.6 17.6 19.5 21.5 23.4 25.4 27.3
22 10.7 12.1 13.4 14.8 16.1 17.4 18.7
16 7.81 8.78 9.76 10.7 11.7 12.7 13.7
11 5.37 6.04 6.71 7.38 8.05 8.72 9.39
8 3.90 4.39 4.88 5.37 5.86 6.34 6.83

5.6 2.73 3.07 3.41 3.76 4.10 4.44 4.78
4 1.95 2.20 2.44 2.68 2.93 3.17 3.42
2.8 1.37 1.54 1.71 1.88 2.05 2.22 2.39
2 0.98 1.10 1.22 1.34 1.46 1.59 1.71
1.4 0.68 0.77 0.85 0.94 1.02 1.11 1.20

(all numbers are mm)
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Resolution LI

F\I (mm)| 040 045 050 055 060 0.65 0.70

32 156 176 195 215 234 254  27.3

el 22 10.7 121 134 148 161 17.4 187
bitch 16 781 878 976 107 117 127 137
5 mm 11 537 604 671 738 805 872 939
8 390 439 488 | 537 586 634  6.83

el 5.6 273 307 341 376 410 444 478
bitch 4 195 220 244 268 293 317  3.42
1 mm 2.8 137 154 171 1.88 205 222  2.39
2 098 | 1.10 122 134 146 159 171

1.4 068 077 085 094 | 102 111 120

(all numbers are mm)
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I harvest . Scaling of Phc
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For the pessimists :
Photonics do not scale!
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I harvest . Scaling of Phc
imaging

For the pessimists :
Photonics do not scale!

For the optimists :
Photonics scale with a factor 1x/year !
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imaging

CMOQOS 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 lllumination,
< Pixel Binning.
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