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Infrared detector ;- ot ccp

it does not transfer charges

more like CMOS

signal of each pixel read separately

read out channel
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V bias
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Semiconductor

metal

' g

free electrons

glass

no free electrons

not conductive

no interaction with E

no interaction with light
transparent



Semiconductor

silicon

metal

" g

free electrons easy to get “ionized” ’yrn:ree electrons



IV semiconductor

Qe Qe
2@s 208
_J@ 00




detector is a semiconductor

4 b
IVB VB
4B B

Suendiurn ’ Ldemun Vel
4956 aTms  S0.842
38 40 4
Y | Zr | Nb
' YHnurm Zirzeraum Nwobiemn
£2005 01224 92008
72 73
Hf Ta
Hafmlum Tantzlum
17849 180843 |
104 105
Rullwri<idasn  Dubnen
a31] . [282]

Lanthanide
Serlee

Actinide
Serfaz

1

Periodic Table of the Elements

6 7 8 ] 10
VIB VIIE vin
€8 7B ¥ & Y

Weunmurm Mengerese
S1985 a8

yun Gutesl Nickel
56805 SASNG B0 AK)

42 43 44 5. 446
Mo Tc Ru Rh Pd

Mohtdenem lcchnctiern Ruthcraum Hhcchium Fallschium
0604 omang 10107 102905 10642
74 75 76 77 78
W Re Os Ir Pt
Tmgstesnn Rhanlum N=mhen Iddiim Flatinum
12385 186207 12023 19222  185.0€
106 107 108 109 110
Sg Bh Hs Mt Ds
«‘.’vﬂ'.llllﬂ’lllll ’ Ustnivin | lsszauin LA CATTE T
[266] [234]  [289] || [268] |

Tranclilon
Metal

1
IB
1B

22 2 23 24 25 26 27 28 R
Ti V Cr Mh Fe Co Ni Cu

| Soses
47

Ag

=iver

102868

79
Al

195067
111

Rg

group lll

Ladlmaum

Hg

MERrrar,

112

Cn

‘Dﬂlﬂliﬂiﬂlulll "L‘ﬂll&llulll‘ Bapstincin |
) I S 1 [N R 4

112417

20059

group IV

group V

Prdrnium

205857 |
13 YA 115 116
Uut FI Uup Lv ||
Lounbiam " ! 1l Livsnnwaur NI
L unknran { :

236]

A0 I Hvinimolav



IV semiconductor

Qe Qe
2@s 208
_J@ 00




detector is a semiconductor

4 b
IVB VB
4B B

Suendiurn ’ Ldemun Vel
4956 aTms  S0.842
38 40 4
Y | Zr | Nb
' YHnurm Zirzeraum Nwobiemn
£2005 01224 92008
72 73
Hf Ta
Hafmlum Tantzlum
17849 180843 |
104 105
Rullwri<idasn  Dubnen
a31] . [282]

Lanthanide
Serlee

Actinide
Serfaz

1

Periodic Table of the Elements

6 7 8 ] 10
VIB VIIE vin
€8 7B ¥ & Y

Weunmurm Mengerese
S1985 a8

yun Gutesl Nickel
56805 SASNG B0 AK)

42 43 44 5. 446
Mo Tc Ru Rh Pd

Mohtdenem lcchnctiern Ruthcraum Hhcchium Fallschium
0604 omang 10107 102905 10642
74 75 76 77 78
W Re Os Ir Pt
Tmgstesnn Rhanlum N=mhen Iddiim Flatinum
12385 186207 12023 19222  185.0€
106 107 108 109 110
Sg Bh Hs Mt Ds
«‘.’vﬂ'.llllﬂ’lllll ’ Ustnivin | lsszauin LA CATTE T
[266] [234]  [289] || [268] |

Tranclilon
Metal

1
IB
1B

22 2 23 24 25 26 27 28 R
Ti V Cr Mh Fe Co Ni Cu

| Soses
47

Ag

=iver

102868

79
Al

195067
111

Rg

group lll

Ladlmaum

Hg

MERrrar,

112

Cn

‘Dﬂlﬂliﬂiﬂlulll "L‘ﬂll&llulll‘ Bapstincin |
) I S 1 [N R 4

112417

20059

group IV

group V

Prdrnium

205857 |
13 YA 115 116
Uut FI Uup Lv ||
Lounbiam " ! 1l Livsnnwaur NI
L unknran { :

236]

A0 I Hvinimolav



11l V semiconductor

n O °@




| 39 40 41
Y Zr Nb
3 YHnum o dirceraem Nwobien
£2.006 01224

72 73
Hf Ta

Hafmlum Tant=lum

17649 130848
104 105
Rullrlsidasn Dubtiien

M1 [282)

Lanthanide
Serlee

Actinide
Serfaz

a3 4 b
e IVB VB
3B 48 5B
21 22 23
Sci{ Ti | V
Stendiurn Ltemun Ve hurn
34956 aiBA 60842

9206

-1

Periodic Table of the Elements

group I

6 7 8 8 10 1 12
VIB VIIE Vil B 18
€8 B ‘4 B Y I -
24 25 26 27 28 29 30
Cr Mn Fe Co Ni Cu Zn
Geurmurm Meanderess Tun Uutes |l Nickel i Cupper am
51966 £aS3 65803 | SA9)3  GRAK) 63646 @638
42 43 44 45 46 47 48
Mo Tc¢c Ru Rh Pd Ag Cd
hohtdenem ; lcch retiem Runhcraum Hhccdhiim Fallschium Sver Ladraum
9594 002 10107 | 102002 10642 102868 112411
74 75 76 77 78 79 30
W Re Os Ir Pt Au Hg
Tmgstenn Rhanlim Nambiem Iddlim Flatnum Akl MErrary,
12535 186207 19023 19222  185.08 195067 20059
106 107 108 109 110 111 112
Sg Bh Hs Mt Ds Rg Cn
Seduu S ’ Ustrnvin | lsaauin AT ‘Dumu;aduum llh‘ﬁll&llml[ Dapsinvin
o€l P34 1289] R - o) IR S {4 [ | 4 ‘

Tranclilon

Metal ’ Nonmg’l_?_l'-

A

Samimealal

mn Sllienn ‘
- 28036

32Ge | 32‘As.

LFETHT ETTTT AT Losenn
261 | 4w2

51
Sb

lnciem Antimony

14 212

115

U l.;u;ng
Unsnpsn ]

1nkrewn

Lrounliam

LN ITATL

A0 I Hvinimolav
v bepeibinibane
LTMEraNTT. MM



11-V] semiconductor
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P type
conductive

n type
conductive



photon
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detector | p-type n-type

holes electrons

depletion
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non-conductive



photon

™,

detector | p-type n-type

holes electrons

depletion
zone

non-conductive



photon

L‘"’x photon

detector

create
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Detector is a Capacitor g-19
1Q
E-d=>=-d
1Q
Voisd
€-S
InSb
£=15¢ c— %

# How much electron one can charge?
(= full well)

# More piexls. What is sacrificed?



Linearity

Vout

full well
+V’bias

.
*
*
*
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*
*
*
*
*
*
*
*
*
*
*
*
‘0
)

linearity
limit
3%

incoming photons



Readout mode

V bias

Reset _ | kTC Noise thermal noise

"""x | V out reset noise

detector

Reset Reset
kTC Noise
V bias
- o
Read Read
Read @ Read -

no shutter. integration times




Readout mode

V bias

o [———— Reset-Read-Read
i Vbias contains noise
detector starting point of Readl and Read?2 is same

Correlated double sampling

Reset Reset
kTC Noise
V bias
- )
Read 1 Read 1
Read 2 K Read 2 -

no shutter. integration time = Read 2 - Read 1




readout mode

V bias

Reset | ) Multiple sampling
- Non destructive readout
detector Readout noise improves by /N
Reset Reset
kTC Noise
V bias Fowler sampling
)

Read "




Readout mode

V bias

Reset I Up'the'ramp

V out

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

detector

Reset Reset
kTC Noise
V bias

— -

]
Read Read
N-times




Dark current

+ .

electron-hole
pair created

o cool detector

Q use low Vyias as possible

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



FET : field effect transistor

How do you read out
without losing Vout?

Gate

Drain

Source insulator

\

conductive

depletion zone
insulator



reset

FET : field effect transistor
_|

How do you read out photor'?"a —

without losing Vout?
Gate detector Vout

Source insulator

\

conductive

depletion zone
insulator



reset

FET : field effect transistor
_|

How do you read out photor'?"a —
without losing Vout?
g Vour detector

Gate Vout

oxide
Source insulator

\

metal

conductive

semiconductor ]
depletion zone

insulator
MOS : metal oxide semiconductor



FET : field effect transistor

reset

—]
photor'?"a ‘
Gate detector Vout
Vgate = Vout R

Source insulator

\

conductive

depletion zone
insulator



FET : field effect transistor

resciI
thickness of new N-type layer phomr’?"" ‘
proportional to Vgate Gate detector Vout
= Amplifier Vgate = Vout R
V+
Source insulator ip ® Drain

\

conductive conductive

non-destructive

gain : factor

Vout = ip = AD converter
current analog digital converter (- ADU)

"1SO sensitivity”



Detector is a capacitor

Exercise today | .

photon \] Vout

Find E.| | | [ 1.1 —— _.

1 F— 1Q N detector | -
]

T ¢S ETOT° ‘”

® How much electron one can charge?

(= full well)
pixel size ‘ ‘
InSb e=15¢0 18 um d=15um C <
€0 = 8.85x10-12 F m-
(Farad) 1Q
electron -19
1.6x10-12 C v_12, s,
Vbias 5V ‘ - d
More piexls. What is sacrificed? €9
® More piexls. What is sacrificed* C = = (apacitance)

Do not choose your smart phone based only on camera pixels.

Ask “how much is the dynamic range?”



