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Consider the signal in (a): 

1. Name the different noise terms in b,c,d,e,f,g

2. Which noise terms depend on the wavelength of light?

3. Which noise terms depend on temperature, and which depend on 
capacitance ?



Slideaqualab Optical Detectors: Week 7 – CCDs: Electronics & Noise Sources (Sol Ex7)

Exercise 7.1: Noise Sources in Cameras

| C. Bruschini | 2025 4

Time-dependent:
• Photon shot noise
• Dark current noise
• Reset noise
• Amplifier (MOSFET)

Readout noise
1/f noise 

• Electronic digitization noise

Consider the signal in (a):

1. Name the different noise terms in b,c,d,e,f,g

2. Which noise terms depend on the wavelength of light?

3. Which noise terms depend on temperature, and which depend on 
capacitance ?
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• Photon shot noise

• Dark current shot noise

• Reset noise

• readout noise

• Flicker (1/f) noise

• Signal 

Δ𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =
𝐽𝐽𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑞𝑞

⋅ 𝑇𝑇int ⋅ 𝐴𝐴

Δ𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜂𝜂 ⋅
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
ℎ𝜈𝜈

⋅ 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴

𝐴𝐴𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Δ𝑁𝑁𝑘𝑘𝑘𝑘𝑘𝑘 = 𝑘𝑘𝑘𝑘𝑘𝑘/𝑞𝑞2

Δ𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀 ≅
𝑘𝑘𝑘𝑘𝑘𝑘
𝑞𝑞2

⋅
4𝐶𝐶
𝑔𝑔𝑚𝑚

⋅ Δ𝑓𝑓

Δ𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ≅
𝐶𝐶
𝑞𝑞

𝛼𝛼𝐻𝐻 ⋅
𝐼𝐼
𝑔𝑔𝑚𝑚

⋅
𝑞𝑞

𝑊𝑊𝑊𝑊 ⋅ 𝐶𝐶𝑜𝑜𝑜𝑜
⋅ 𝑙𝑙𝑙𝑙

𝑓𝑓𝑚𝑚𝑎𝑎𝑎𝑎

𝑓𝑓𝑚𝑚𝑖𝑖𝑖𝑖

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜂𝜂 ⋅
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
ℎ𝜈𝜈

⋅ 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴

𝐴𝐴𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Consider the signal in (a). 

1. Name the different noise terms in 
b,c,d,e,f,g

2. Which noise terms depend on the 
wavelength of light?

3. Which noise terms depend on 
temperature, and which depend on 
capacitance ?
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4. Suggest ways to reduce the noise

5. In which case decreasing noise leads 
to decreasing the signal? 

• Photon shot noise

• Dark current shot noise

• Reset noise

• readout noise

• Flicker (1/f) noise

• Signal 

Δ𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =
𝐽𝐽𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑞𝑞

⋅ 𝑇𝑇int ⋅ 𝐴𝐴

Δ𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜂𝜂 ⋅
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
ℎ𝜈𝜈

⋅ 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴

𝐴𝐴𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Δ𝑁𝑁𝑘𝑘𝑘𝑘𝑘𝑘 = 𝑘𝑘𝑘𝑘𝑘𝑘/𝑞𝑞2

Δ𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀 ≅
𝑘𝑘𝑘𝑘𝑘𝑘
𝑞𝑞2

⋅
4𝐶𝐶
𝑔𝑔𝑚𝑚

⋅ Δ𝑓𝑓

Δ𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ≅
𝐶𝐶
𝑞𝑞

𝛼𝛼𝐻𝐻 ⋅
𝐼𝐼
𝑔𝑔𝑚𝑚

⋅
𝑞𝑞

𝑊𝑊𝑊𝑊 ⋅ 𝐶𝐶𝑜𝑜𝑜𝑜
⋅ 𝑙𝑙𝑙𝑙

𝑓𝑓𝑚𝑚𝑎𝑎𝑎𝑎

𝑓𝑓𝑚𝑚𝑖𝑖𝑖𝑖

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜂𝜂 ⋅
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
ℎ𝜈𝜈

⋅ 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴

𝐴𝐴𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
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• Photon shot noise

• Dark current shot noise

• Reset noise

• readout noise

• Flicker (1/f) noise

• Signal 

Δ𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =
𝐽𝐽𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑞𝑞

⋅ 𝑇𝑇int ⋅ 𝐴𝐴

Δ𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜂𝜂 ⋅
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
ℎ𝜈𝜈

⋅ 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴

𝐴𝐴𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

Δ𝑁𝑁𝑘𝑘𝑘𝑘𝑘𝑘 = 𝑘𝑘𝑘𝑘𝑘𝑘/𝑞𝑞2

Δ𝑁𝑁𝑀𝑀𝑀𝑀𝑀𝑀 ≅
𝑘𝑘𝑘𝑘𝑘𝑘
𝑞𝑞2

⋅
4𝐶𝐶
𝑔𝑔𝑚𝑚

⋅ Δ𝑓𝑓

Δ𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 ≅
𝐶𝐶
𝑞𝑞

𝛼𝛼𝐻𝐻 ⋅
𝐼𝐼
𝑔𝑔𝑚𝑚

⋅
𝑞𝑞

𝑊𝑊𝑊𝑊 ⋅ 𝐶𝐶𝑜𝑜𝑜𝑜
⋅ 𝑙𝑙𝑙𝑙

𝑓𝑓𝑚𝑚𝑎𝑎𝑎𝑎

𝑓𝑓𝑚𝑚𝑖𝑖𝑖𝑖

𝑁𝑁𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜂𝜂 ⋅
𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
ℎ𝜈𝜈

⋅ 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖
𝐴𝐴

𝐴𝐴𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

6. Determine the S/N using the following 
values (neglect flicker noise):

Power=1 mW 

Dark current 𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 1 pA
Photosensitive area: 1 μm2

Integration time: 10 ms

Fill factor: 1

Frequency: 193 THz

Quantum efficiency: 1

Capacitance: 10 fF

Readout resistance: 1 kOhm

Δf=1 MHz

T=25°C

Optical Detectors: Week 7 – CCDs: Electronics & Noise Sources (Sol Ex7)
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Exercise 7.1: Dynamic range
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• Consider a camera with a full well capacity of 62’500 electrons

• Read noise: 25 electrons per pixel/readout

• Dark current: negligible

1. Calculate signal-to-noise ratio (SNR) and 

dynamic range (DR) for a single readout 

at full well capacity

Light intensity (µW/cm2)

0.001  0.01  0.1  1  10 100

saturation

signal
number of
electrons

photon noise

S/N
D/R

amplifier noise
and dark current
shot noise

100'000

10'000

1'000

100

10 D/R

Optical Detectors: Week 7 – CCDs: Electronics & Noise Sources (Sol Ex7)
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Exercise 7.1: Dynamic range
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• At saturation: 

[S/N]dB
= 20 log10

Nphoto

ΔNphoto
2 + ΔNreadout

2

= 20 log10
62500

62500 + 625
= 48 dB

DR dB = 20 log10
NMAX

ΔNreadout
2

= 68. 0 dB

Light intensity (µW/cm2)

0.001  0.01  0.1  1  10 100

saturation

signal
number of
electrons

photon noise

S/N
D/R

amplifier noise
and dark current
shot noise

100'000

10'000

1'000

100

10 D/R
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Exercise 7.2: Correlated Double Sampling 
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reset

Vreset

output
diffusion

C

Q

Vout

1a

1b

2a

2b
N

oi
sy

N
oi

sy

N
oi

sy

How does CDS work?
What are its main advantages?
Can we improve on CDS?
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