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 In nature the dynamic range in the visible range is above 
100dB

 The human eye can have a dynamic range up to 90dB

 CMOS APS imagers generally have a dynamic range of 40-
70dB (2-4 decades, single exposure) but they can extend it 
using a number of techniques

 Scientific grade CCDs: D/R of up to 120 dB (6 decades)

Optical Detectors: Week 10 – CMOS Cameras/3 (Solutions Ex10)

10.1 Introduction: Dynamic Range of CMOS Imagers
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A) Low noise     B) High full well
E. Charbon, MICRO-428, EPFL
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10.1 DR Examples
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10.1 Dynamic Range Definition

Dynamic range is known as the maximum signal (maximum output swing) divided 
by the rms noise floor (temporal noise)  possible linearity range of a sensor. 

Dynamic Range = Full Well Capacity (electrons) / Read Noise (electrons) 

𝐷𝐷𝐷𝐷 𝑑𝑑𝑑𝑑 = 10 log10
𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀2

𝑄𝑄𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁2 = 10 log10
𝑉𝑉max2

𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁2

𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊

𝐷𝐷𝐷𝐷 𝑑𝑑𝑑𝑑 = 20 log10
𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀
𝑄𝑄𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

= 20 log10
𝑉𝑉max

𝑉𝑉𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁
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10.1 Dynamic Range Definition

Light intensity (µW/cm2)
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𝐷𝐷/𝑅𝑅 𝑑𝑑𝑑𝑑 = 10 ⋅ 𝐿𝐿𝐿𝐿𝑔𝑔10
#𝑒𝑒𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

#𝑒𝑒𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

2

D/R

| C. Bruschini | 2025 Optical Detectors: Week 10 – CMOS Cameras/3 (Solutions Ex10)

NB: dynamic range = fixed value, 
whereas S/N depends on intensity
(= illumination)

7



Slideaqualab Optical Detectors: Week 10 – CMOS Cameras/3 (Solutions Ex10)

10.1 Dynamic Range: Examples
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• FW: 10.000 e- | Noise: 2e- | 
• DR: 74 dB

• FW: 100.000 e- | Noise: 1e- | 
• DR: 100 dB

• FW: 200.000 e- | Noise: 0.5e- | 
• DR: 112 dB
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10.1 Dynamic Range Extension Techniques

 Change exposure time (“Classic”)

 Make conversion gain non linear (“Not Linear”) 

 Change conversion gain (“Photon”  Dual Conversion Gain)

 Adjust well capacity (“Photon”  Dual Storage Node)

| C. Bruschini | 2025

E. Charbon, MICRO-428, EPFL
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Longer exposure time for dim objects more charges at floating 
diffusion (but also higher Poisson noise)

Upper limit pushed up but lower limit unchanged

Drawback: fast moving objects incorrectly interpolated!

Optical Detectors: Week 10 – CMOS Cameras/3 (Solutions Ex10)

10.2 Dynamic Range Extension – Change Exposure Time
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t

Photo response
[arbitrary units]

Short exposure, for bright scenes

Long exposure for dim
scenes

 

Long exposure   Short exposure   

Merged image by signal treatment

E. Charbon, MICRO-428, EPFL
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10.2 Dynamic Range – Example

Same scene taken with different DR and integration time

a) 60dB DR and a short integration time (“Ibis 4 imager”)

b) 60dB DR and a long integration time (“Ibis 4 imager”)

c) 120dB DR (“Fuga imager”)
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a) b) c)

E. Charbon, MICRO-428, EPFL
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10.3 5T APS + PPD: Exposure Time Control and Anti-Blooming
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10.3 5T APS + PPD: Exposure Time Control and Anti-Blooming
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10.4 Dynamic Range Extension – Dual Conversion Gain

High CG (Charge Conversion) causes saturation in bright scenes

Low CG does not enable detection of dim scenes

DR is the same

| C. Bruschini | 2025

Photon flux
[photons/s]

Photo response
[arbitrary units]

High CG but early 
saturation

Low CG but late
saturation 

Need to keep track of the CG of each pixel.
E. Charbon, MICRO-428, EPFL
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