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Schematic Description
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Potential Description
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XCCDELVIDIFNHBRERFDIEETH S
CCD: Charge—Coupled Device

X CMOSELVODIIHRB R FDFELETHS

CMOS: Complementary Metal Oxide Semiconductor
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within pixel

CMOSsensor: hy — Q — V
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Signals in a CCD sensor

»
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photodiode CCD Q-V converter

o I

e
S o e ™

% 1EE (FALKE): SEEHIEI R T L% 2009.05.12 "



CMOS D&

I
i
1]
i
i

- -V
ﬁ TUT (BEHA)

‘BIRNTEEEICE#R
: {ﬁ | CIERY DBERLTCHEALT

Kl
Kl |2

{rk {&’ {&’ —— 5Il[E] g

\ \

| L|
»

CMOS Z7OT747E ®ILE2 5 (APS)
i% [BE (EILKZF): ZgeHlE T X7 L5 2009.05.12




CMOS APS DIEZRIER

JeIRAAYT BRAVT EL-BR Q% BECICEMTD
4{ “ “BERS V=Q/CETUTHBLTHAHT
r 4 (FoTEVS>THEEBELIFIZ 1)
C
L] 4
= = S (GEHBEER)
- 3FSUURZAPS

éUtvh
L :
e R

Jtyhl  EREHRE Uk B A
1

of TUTDRNMBE USuLTEDRIL) LT, BRE, SEtE, EREIC
BT Ry —5E UTAHETHF

% 1EE (FALKE): SEEHIEI R T L% 2009.05.12 "



AZ>—1k

3R =X

W7

/7

A A=Y x 3

TJYXLTI% RGB [ThIT5
3DDA A=Y TiRIE

MREIX KLY, aARMYFLY

R EE (RALKZ): FEeH| @ X7 L% 2009.05.12

Bzl

12D A=Y
BRI EITHT—I4ILA2%FERS

MEREZ R B 5. aXMIELY

27



[ |
J[ARY

X

ANTHAHHEDESITH T HIEFTDKRKESDLE
FILERESDRITH LT, REFEFSHNHEDIEINREMN KL

s2H V)|
711
SEE (A)

/'
l:;nl
g

35

% 1EE (FALKE): SEEHIEI R T L% 2009.05.12 -8



I ER =R =i

EE A% 8
(IR TR L E—(TE D) (ST DD RBEITIBE

LR EE T TES)
AT TR ILF— [J] IRILF—FDED HE [Im-s]

TR [W] B iR i=Y JER [Im]
TR EEE [W/m?] B rFrfE - RREE [Ix]
B mEH=Y
TERRE [W/ e.g. BBARILIR JtIE [cd]
TS8R EE W/ sr] D2
T EE [W/sr/m?] e.g. BBEA M ¥&EREE [cd/m?]
DS

A A= PORER, FIZIE V/Ix/s 1GE

% 1EE (FALKZ): MEHES R T L% 2009.05.12 29




JARX

BRESZLINEINDITTIEEZL
JAXIZEST, BIERFR (BRERR) HNRFESD

A

E5HA (BEX)

il

B2

RCRENF=ETOAMNTREE JIF KL
LHL, ETRSNE=EVHOADNENECAFETELEND

R EE (RALKZ): FEeH| @ X7 L% 2009.05.12

30



A A= HD/ARX]R

77J'|~’5!°’f7]' K
¢ HEl %uu.
o« Layb/AX
o« JALLIYRN/AR
e IBEMRI IV AKX

BT ERIA:

. R{Z
)ty

e B /A X (KTC/AX)
7T

« EIE/\F—> /414X (Fixed Pattern Noise: FPN)
« B /(X
e 1/f /4K

% 1EE (FALKE): SEEHIEI R T L% 2009.05.12 -



Shot Noise

Fluctuation in the number of the particles such as electrons
and photons.
Nshot,rms = VN

Nshot,rms - Yms # oOf shot noise charges
N : # of signal charges

Equivalently,

Qshot,rms -V etlint

e. electron charge

1. average photocurrent plus dark current
tint. Integration time

This Is fundamental noise and cannot be canceled or reduced.

All we can do Is just to improve SNR through integration.
5% 1ME (FALKS): AR RT L2 2000.05.12 -



Reset Noise (kTC Noise)

Thermal noise (which is generated at on-

resistance of a transistor) sampled into a |
capacitance C N |
A\ ~~ \Jv é .
Qreset,rms = VKTC %
k: Boltzmann constant 5

T: absolute temperature c ——

In CCD sensors, the Q-V converter amp suffers from the
KTC, so a technique called Correlated Double Sampling
(CDS) is applied
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Correlated Double Sampling (CDS)

\O;ooo/ ¢ amp.
od 8

Reset the capacitor

Read the voltage (reset level)

Transfer the signal charges into the capacitor

Read the voltage (signal level)

Get the difference between the reset and signal levels

b owhE
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Fixed Pattern Noise (FPN)

Non uniformity in offset voltages o of
source follower amps:

VFPN,rmS — COﬁSt

In CMOS sensors, FPN Is generated at
the pixel amp., which can be reduced
using CDS

Example from Takeuchi et al. (2004)
BT (RALKZF): ZNBERIES T L 2009.05.12
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—
Vio L

Vbia?i [

source follower:

-

° Vout = Vin +

°‘/
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CDS in 3T-APS

reset 7 e KTC noise cannot be canceled
with CDS in 3T-APS CMOS
Sensors
_ e actually, kTC noise is doubled
C—+ A when CDS is applied!

. resetlevel
o I not correlated

. signal level

- 1
&7 |

reset Integration reseté
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4-transistor APS

T 1. reset the floating

X '
diffusion node
N §. £ 2. read the reset level
n

n 3. transfer the signal
D pinngd floating charges
photodiode diffusion 4. read the signal level
—] | 5. get the difference
@0 © 52 O® ap o l J
O@% « Photodiode with a special
structure is required
_ e It also helps to reduce dark
@& curre_n_t _and to improve
S sensitivity
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Noise and Integration time

Y

iIntegration time

shot noise |

~~  KIC.FPN,efc

> 1
V. . Qshot,rms . et
shot,rms — C — C

kT
Vreset,rms — ?

VFPN’rmS — COﬂSt
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By making the integration time
N times longer, SNR is
multiplied by:

«J/ N w.r.t shot noise

N w.r.t. FPN, kTC noise
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IT-CCD (w/o electronic shutter):

integrated charge ///L/

integration time

read pulse F‘

IT-CCD (with electronic shutter):

Integration time

iIntegrated charge /‘//‘
— _/|/

read pulse | ' 'W ]

reset pulse H H
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Resetting in IT-CCD

photodiode CCD
OOI:I §< | ] [ ] [ ] | ]
J\if_@ [ \
A 089
- = reset

=S
)/ A 528
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Rolling shutter mode

While IT-CCDs operate in the global shutter mode,
3T-APS CMOS sensors operate in the rolling shutter mode

rowl integration -

rowl T T ( \\, \
ntegration:

row?2 T T J\K&f \

row3s N N \%ntegratlon (\

\ rowl F,,_eé__dout
row2 readout

row3 readout
9 IE (RALKS): MAEHIAEIS R T A% 2000.0512 "
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Example from Kagami et al. (2003)

saturation level
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al

Integration time
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Dynamic range and Integration time

al

integration time

Simply modifying the integration time will not contribute to
dynamic range enhancement.

Commonly used techniques utilize multiple integration times.
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Example from Micron MT9V403
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Q1 = max(Qmax, it1)

Q2 = max(Qmax, itp)

Q=01+ Q>

) frame time ‘
/|%/L
reset/ |- t o 2 T

readout

TX | ]

,,,,,, tQ  saturation level
Q1+Q2
Q1
Q2
>
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