
Detector / Signal
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your data

3 statistical noise Poisson

4 understand S/N ratio



Infrared detector
it does not transfer charges

it is not CCD 

signal of each pixel read separately

more like CMOS

Vout

detector
sensitive to photons

readout

amplifier

AD converter

computer

read out channel

multiplexer



single pixel

detector

reset

V bias

V out



detector

V bias

V out



Semiconductor

metal
(conductor)

glass

free electrons

(insulator)

no free electrons

not conductive

transparent

no interaction with E
no interaction with light



Semiconductor

metal
(conductor)

glass

free electrons

(insulator)

no free electrons

silicon
(semiconductor)

easy to get “ionized”

and get conductive



Si Si

IV semiconductor



group Vgroup III

group IV
detector is a semiconductor



Si Si

IV semiconductor



group Vgroup III

group IV
detector is a semiconductor



III V semiconductor

In Sb



group VI

group II



II-VI semiconductor

TeHg

Cd
HgxCd1-xTe



Doping

Si

B P

p type n type
conductive conductive



depletion 
zone

electronsholes
p-type n-type

non-conductive

detector

photon



depletion 
zone

+ -
Vbias

electronsholes
p-type n-type

non-conductive

detector

photon



photon

create 
electron-hole 
pair

+ -

+ -

depletion 
zoneVbias

Vbias

detector

photon



Vbias

Detector is a Capacitor

S

d

ε=15ε0

How much electron one can charge?

More piexls. What is sacrificed?
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+Vbias

Linearity + -

+V’bias

incoming photons

Vout

linearity 
limit

3%

full well



Readout mode

detector

V bias

V out

Reset

ResetReset

V bias

Read

Read

Read

Read

kTC Noise

no shutter.

kTC Noise

thermal noise

integration times

reset noise



Readout mode

detector

V bias

V out

Reset

ResetReset

V bias

Read 1

Read 2

Vbias  contains noise
starting point of Read1 and Read2 is same

Correlated double sampling

Reset-Read-Read

kTC Noise

Read 1

Read 2

no shutter. integration time = Read 2 - Read 1



readout mode

detector

V bias

V out

Reset

ResetReset

V bias

Read

Read

Read

Read

Non destructive readout

√N

N-times

Readout noise improves by

Fowler sampling

Multiple sampling

kTC Noise



Readout mode

detector

V bias

V out

Reset

ResetReset

V bias

Read

Read

Read

Read

N-times

linearity corrected in the same time
robust against outlier events
electronics intensive

Up-the-ramp  

kTC Noise



longer the wavelength
working temperature of detector lower

Dark current

electron-hole 
pair created

+
-

by thermal fluctuation

Vbias

cool detector

use low Vbias as possible

smaller the gap, higher the dark current

1

2

(but in thermal regime, Vbias is high in reality)



FET : field effect transistor

insulator

Gate

Source Drain

N-type N-type

conductive

P-type conductive

depletion zone
insulator

detector

photon Vout

How do you read out 
without losing Vout?

+VD



insulator

Gate

Source Drain

N-type N-type

conductive

P-type conductive

depletion zone
insulator

detector
photonHow do you read out 

without losing Vout?

+VD

reset

Vout

VbiasFET : field effect transistor



insulator

Gate

Source Drain

N-type N-type

conductive

P-type conductive

depletion zone
insulator

MOS : metal oxide semiconductor

metal

oxide

semiconductor

How do you read out 
without losing Vout?

+VD

FET : field effect transistor

detector
photon

reset

Vout

Vbias



insulator

Gate

Source Drain

Vgate = Vout

N-type N-type

conductive

+VD

P-type conductive

depletion zone
insulator

FET : field effect transistor

detector
photon

reset

Vout

Vbias



Gate

Source Drain

Vgate = Vout

N-type N-type

insulator

P-type conductive

conductiveconductive

V+

N-type

thickness of new N-type layer
proportional to Vgate 

= Amplifier

gain : 

“ISO sensitivity”

Vout ➔ iD ➔ AD converter
analog digital converter (➔ ADU)current

factor

iD

FET : field effect transistor

detector
photon

reset

Vout

Vbias

non-destructive



Detector is a capacitor

ε=15ε0

How much electron one can charge?

More piexls. What is sacrificed?
Do not choose your smart phone based only on camera pixels. 

Ask “how much is the dynamic range?”

(= full well) Vbias
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Vbias 5 V

15 -m
pixel size
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