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Exercise /.1: Noise Sources in Cameras u
i

Consider the signal in (a): B gl ]

1. Name the different noise termsin 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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Exercise 7.1: Noise Sources in Cameras -

A
Consider the signal in (a): R O I o o
———————— — = Noise

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

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

. }Dark Current
— |- — Noise

(c)

3.  Which noise terms depend on temperature, and which depend on
capacitance ?
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Exercise /.1: Noise Sources in Cameras

Pphoto A

Consider the signal in (a). Photon shot noise  ANphroto = \/77 - Tine 77—
V pixel

1. Name the different noise terms in
b,c,d,efg

2. Which noise terms depend on the

. Jaark
Dark current shot noise ANggk = ji-Tintv‘l
wavelength of light? 1

3.  Which noise terms depend on

temperature, and which depend on * Reset noise ANpre = /KT C/q?
capacitance ?
. _|kTC  |4cC
* readout noise ANpyos = |—5+ |—-A
q Im

Flicker (1/f) noise AA’flickergg\/“’” : : ,ln<fm“x>
q

I9m WL °on fmin
 Signal N — ._PPhOw.T. A
photo n hv int Apixel
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Homework: Noise Sources in Cameras

Pphoto A

4. Suggest ways to reduce the noise , _ , o
Photon shot noise ~ ANphoto = |11 - == Tine 77—
pixel

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

. Jaark
Dark current shot noise ANggrk = \/%'Tint'/l

* Reset noise ANy re = KTC/q?
. _|kTC |4c
* readout noise ANpyos = |—5+ |—-A
q Im

Flicker (1/f) noise ANflickergg\/“’” : : ,ln<fm“x>
q

I9m WL °on fmin
 Signal N — ._PPhOw.T. A
photo n hv int Apixel
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Homework: Calculation of SNR and DR values

Pphoto A

6. Determine the S/N using the following , AN = |n. T
Photon shot noise photo = [11" T dimt g

values (neglect flicker noise):

Power=1 mW

. Jaark
Dark current Iggri = 1 pA Dark current shot noise ANggr = j% Ty - A

Photosensitive area: 1 pm?

Integration time: 10 ms e Reset noise ANyre = JRTC/ 42

Fill factor: 1

Frequency: 193 THz q . AN _ |kTC |4AC A
°r NOI MOS = [T o |

Quantum efficiency: 1 eadout noise q* |Im

Capacitance: 10 fF

Readout resistance: 1 kOhm

Flicker (1/f) noise ANflickergg\/“’” : : 'ln<fmax>
q

9m WL - on fmin
Af=1 MHz
T=25°C ° Slgnal Pphoto A
photo n hv int Apixel
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Exercise 7.1: Dynamic range

e Consider a camera with a full well capacity of 62’500 electrons
* Read noise: 25 electrons per pixel/readout

e Dark current: negligible

1. Calculate signal-to-noise ratio (SNR) and 4 _
saturation
dynamic range (DR) for a single readout 100°000 —
at full well capacity
10000
number of
electrons
1'000 -
100 amplifier noise
and dark current
shot noise
10 . D/R .
| : | | | |: | >
0.001 0.01 0.1 1 10 100

Light intensity (uUW/cm2)
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Exercise 7.1: Dynamic range

A
saturation
_ 100'000 Y.
* At saturation:
10'000
number of
electrons
[S/N]as N 1'000 -
_ photo
= 201log; :
2 2 amplifier noise
\/ANphoto + ANreadout 100 and dark current
shot noise
10 . D/R |
62500 ) g .
—_ 20 loglo = 48 dB ' ' [ [ I [
\/62500 + 625 0.001 0.01 0.1 1 10 100
Light intensity (uW/cm2)
Nmax
[DR]4p = 20log;y
2
\/ANreadout
= 68.0dB
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Exercise 7.2: Correlated Double Sampling

Vout How does CDS work?
A What are its main advantages?
W\ﬂ w; 'y Can we improve on CDS?
Vreset | !
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