
DECLARATION OF PATRICK FRANZEN 

I, Patrick Franzen, am over twenty-one (21) years of age. I have never been convicted of a felony, 
and I am fully competent to make this declaration. I declare the following to be true to the best of my 
knowledge, information, and belief: 

1. I am the Director, Publications and Platform, for SPIE, formerly known as the Society of 
Photo-Optical Instrumentation Engineers. I have been employed at SPIE in the Publications 
Department since 2015. 

2. Neither I nor SPIE itself is being compensated for this declaration. 

3. Among my responsibilities as Director, Publications and Platform, I act as a custodian of 
records for SPIE's publications. 

4. I make this declaration based on my personal knowledge, information contained in the 
business records of SPIE, or confirmation with other responsible SPIE personnel with such 
knowledge. 

5. SPIE, as part of its regularly conducted business activities, hosts conferences directed to the 
latest innovations in research and technology in the fields of biomedical optics, 
optoelectronics, lasers, and electronic imaging. 

6. As part of its ordinary course of business, SPIE publishes and makes available technical 
articles, including the Proceedings of SP IE, journals, and other full-text publications. It has 
been SPIE' s regular business practice to do so since at least 1963. 

7. The Proceedings of SP IE constitutes the official conference record of SPIE conferences and 
includes original research papers presented at each conference. The Proceedings of SP IE has 
been published regularly since 1963. As of January 1997, SPIE had published more than 
2,900 volumes of the Proceedings ofSPJE. 

8. The Electronic Imaging 1997 symposium occurred on February 8-14, 1997 in San Jose, CA. 
The Solid State Sensor Arrays: Development and Applications 1997 conference was part of 
the Electronic Imaging 1997 symposium and occurred February 10-11, 1997. Volume 3019 of 
the Proceedings of SP IE constitutes the conference record of Solid State Sensor Arrays: 
Development and Applications 1997. 

9. Volume 3019 was published on April 25, 1997. SPIE's first printing of Volume 3019 of the 
Proceedings of SP IE consisted of 300 print copies, which were available for shipping from the 
SPIE warehouse as of the next day, April 26, 1997. By April 29, 1997, SPIE mailed between 
100-120 print copies of Volume 3019 to library customers who had standing orders for each 
volume of the Proceedings of SPIE. The remaining print copies were shipped to meeting 
attendees and to other subscribers, and a few copies were retained as archive copies in SPIE's 
offices. 

10. Exhibit A to this declaration is a true and correct copy, from SPIE's business records, of an 
article authored by J.E.D. Hurwitz, et al., "An SOOK-Pixel Color CMOS Sensor For Consumer 
Still Cameras" ("Hurwitz"), published in SPIE Proceedings Vol. 3019 titled "Solid State 
Sensor Arrays: Development and Applications," on pages 115-124 of that volume. Exhibit A 
was obtained from SPIE's archive, which contains a printed copy of the Proceedings of SP IE 
referenced above. Exhibit A was maintained in the ordinary course of SPIE's business. 
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11. I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like are 
punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001. 

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on 12 February 2020 in Bellingham, Washington. 
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An SOOK-Pixel Color CMOS Sensor For Consumer Still Cameras. 

J .E.D. Hurwitz, Peter B Denyer, Donald J. Baxter, GrahamTownsend 

VLSI VJ.Sion Ltd, Aviation House,31 Pinkhill, F.clinburgh 

ABSTRACT 

An 800k-pixel Active Pixel device has been developed for use in a Digital Still Camera application. A mode of operation has 
been developed to cancel the problems of Fixed Patterned Noise (FPN) and dark cmrent inherent to this type of CMOS imaging 
array. A time multiplexed read-out mechanism allows the device to operate at 5 Mpbr/s and still settle to within 0.1%. The 
device, with a full well of approximately lOOK electrons, is capable of delivering a SIN of 66dB, and a sensitivity of approxi
mately 50m V /lux at 50mS exposure. The sensor is covered with a color mosaic to allow an accurate recovery of a color image. 
This sensor makes new in-roads for CMOS imaging into areas tradi.tionally occupied by CCD's 

Keywords: CMOS sensors, Active Pixels, Image Sensors, Digital Still Cameras 

1.0 INTRODUCTION 

We report on the development and performance of an 800k-pixel Active Pixel Sensor (APS) for a new generation of Digital Still 
Cameras (DSC). The operation of the device takes advantage of other system components found in a typical DSC application 
(Figure 1 ), m order to cancel threshold offsets and darlt CUITent FPN inherent to Active Pixel arrays that are fabricated on stand
ard digital CMOS processes. This provides a cost effective final solution. In a DSC there is usually a Frame store available, it is 
sufficient to know that a 12-bit deep frame store is available off the sensor as a normal part of the camera function (in a still cam
era the image is digitised and stored in this buffer prior to compression for long term storage). We usc this buffer as a cache store 
for several image operations. 

2.0 PIXEL ARCHITECTURE 

The active pixel which lies at the heart of the image sensor is shown in Figure 2. It comprises 3 transistors; Ml which forms the 
top section of a NMOS source follower stage, M2 - the access transistor for reading the pixel and M3 the reset transistor. This 
simple pixel type is chosen for low read noise, compact layout and good spectral response. The inherent problem with a photo
diode pixel type, namely reset noise, is overcome by an appropriate operating scheme, that uses the possibility of a non-destruc
tive read to cancel the effective reset voltage. 

The reset/integrate/read cycle of the pixel starts with the reset transistor M3 tumed on, so that the pixel voltage, Vpix, is reset to 
VRI'. When the control line for M3, Rst[n] goes low the photodiode starts to discharge the pixel capacitance. Near the end of the 
required exposure period, the read transistor, M2, is turned on by Rd[n] going high. This connects a cummt source at the bottom 
of the pixel columns to the output of transistor Ml forming an NMOS source follower. The output line, Vx[m] will settle to a 
roughly a NMOS threshold voltage below Vpix. The integration time of the pixel ends when Rd[n] goes low. FiDally, Rst[n] 
goes high to return the pixel into reset, to prevent any problems caused by the pixel blooming when not in usc. Instead of tog
gling the Rst[n] line from 5V to OV when going from reset to integration, it is possible to put the reset line to a voltage 'Vbloom' 
that is chosen to be between VRT and Vf(NMOS), so as not to introduce Fixed Pattern Noise in white areas of the image. 

The pixel is layed out to be 10.Sum square using a 0.8um double-metal, single-polysilicon, industry standard, CMOS process. 

Company Information: www.vvl.co.uk 

SPIE Vol. 3019 • 0277-786X/97/$10.00 
11 5 
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, F

I, 
pr

op
ag

at
in

g 
u

p
 th

is
 re

gi
st

er
 s

et
s 

th
e 

ex
po

su
re

 ti
m

e 
fo

r 
a 

li
ne

 o
f p

ix
el

s.
 T

he
 p

ul
se

, 
F

R
, p

ro
pa

ga
ti

ng
 d

o
w

n
 th

e 
re

ad
 v

er
ti

ca
l s

hi
ft 

re
gi

st
er

, d
ec

id
es

 w
hi

ch
 li

ne
 is

 to
 b

e 
re

ad
. 

T
he

 c
ol

um
ns

 a
re

 re
ad

 o
ut

 b
y

 th
e 

L
S

 p
ul

se
 p

ro
pa

ga
ti

ng
 a

lo
n

g
 th

e 
H

or
iz

on
ta

l 
S

hi
ft

 R
eg

is
te

r.
 T

o 
av

oi
d 

ba
nd

w
id

th
 li

m
it

at
io

ns
 

w
it

hi
n 

th
e 

ou
tp

ut
 s

ta
ge

 c
au

si
ng

 c
r<

>§
ta

lk
 p

ro
bl

em
s 

be
tw

ee
n 

th
e 

co
lo

ur
s 

in
 a

 c
ol

ou
r p

ix
el

at
ed

 s
en

so
r t

he
 h

or
iz

on
ta

l s
hi

ft
 re

gi
st

er
 

ei
th

er
 re

ad
s 

ou
t t

he
 o

d
d

 c
ol

um
ns

 a
nd

 th
en

 th
e 

ev
en

 c
ol

um
ns

, 
S

hu
ff

li
ng

 th
e 

da
ta

. T
hi

s 
ca

n 
b

e 
la

te
r u

ns
hu

ff
le

d 
in

 th
e 

pi
ct

ur
e 

pr
oc

es
si

ng
. 

A
t t

he
 t

op
 o

f t
he

 a
rr

ay
 a

re
 th

e 
cu

rr
en

t s
ou

rc
es

 w
hi

ch
 co

m
bi

ne
 w

it
h

 th
e 

M
l 

tr
an

si
st

or
 in

 th
e 

pi
xe

l t
o 

fo
rm

 t
he

 p
ix

el
 so

ur
ce

 fo
l

lo
w

er
. A

ls
o

 a
t t

he
 t

o
p

 o
f e

ac
h

 c
o

lu
m

n
 is

 a
 s

am
pl

e 
an

d 
h

o
ld

 s
ta

ge
 a

nd
 a

 P
M

O
S

 s
ou

rc
e 

fo
ll

ow
er

 to
 d

riv
e 

th
e 

ou
tp

ut
 s

ta
ge

. T
he

 p
u

r
po

se
 o

f t
h

e 
sa

m
pl

e/
ho

ld
 s

ta
ge

 is
 to

 a
ll

ow
 a

ll
 t

he
 p

ix
el

s 
w

it
hi

n 
a 

li
ne

 to
 h

av
e 

th
e 

sa
m

e 
ex

po
su

re
, a

s 
th

e 
ou

tp
ut

s 
o

f a
 r

ow
 p

ix
el

s 
ar

e 
sa

m
pl

ed
 in

 p
ar

al
le

l.
 

11
6 T

h
e 

co
lu

m
ns

 ar
e 

re
ad

-o
ut

 v
ia

 4
 c

ol
um

n 
ou

tp
ut

 c
ha

nn
el

s.
 E

ac
h

 c
ha

nn
el

 is
 m

ul
ti

pl
ex

ed
 o

ut
 o

nt
o 

th
e 

A
Y

O
 p

in
, v

ia
 a

n
 A

C
-c

ou
pl

in
g 

st
ag

e.
 T

hi
s 

is
 u

se
d 

to
 re

st
or

e 
th

e 
D

C
 c

on
te

nt
. T

he
re

 is
 a

n
 o

nb
oa

rd
 5

-b
it

 D
A

C
 th

at
 c

an
 b

e 
us

ed
 to

 a
dj

us
t o

ne
 o

r o
th

er
 o

f t
he

 c
la

m
p

in
g

 v
ol

ta
ge

s 
in

 O
ld

er
 to

 p
u

t t
h

e 
vi

de
o 

in
to

 th
e 

in
pu

t w
in

do
w

 o
f t

h
e

 A
D

C
. I

t s
ho

ul
d 

b
e 

no
te

d 
th

at
 th

e 
vi

de
o 

is
 'i

nv
er

te
d'

, i
.e

. B
la

ck
 

is
 h

ig
he

r 
th

an
 W

hi
te

. T
he

re
 is

 a
n

 A
Y

O
R

ef
 p

in
 to

 p
ro

vi
de

 a
 p

se
ud

o-
di

ff
er

en
tia

l o
ut

pu
t,

 b
y 

pr
ov

id
in

g 
a 

'm
im

ic
'e

d
 o

ut
pu

t s
ta

ge
 o

f 
an

 in
te

rn
al

 re
fe

re
nc

e 
o

f b
la

ck
. T

hi
s 

ca
n 

be
 u

se
d 

to
 tr

ac
k 

an
y

 o
ut

pu
t c

ha
in

 v
ar

ia
ti

on
s 

an
d 

to
 s

et
-u

p 
th

e 
sa

m
pl

in
g 

A
D

C
 ra

ng
e.

 

In
 k

ee
pi

ng
 w

it
h 

th
e 

at
tr

ib
ut

es
 o

f a
 C

M
O

S
 s

en
so

r,
 t

he
 d

ev
ic

e 
in

te
gr

at
es

 a
 n

um
be

r o
f p

er
ip

he
ra

l c
ir

cu
it

 fu
nc

ti
on

s,
 in

cl
ud

in
g 

a 
lo

w


no
is

e 
op

-a
m

p 
b

as
ed

 o
ut

pu
t b

uf
fe

r d
es

ig
ne

d 
to

 e
ns

ur
e 

gl
ue

-f
re

e 
in

te
rf

ac
in

g 
to

 a
n

 in
du

st
ry

-s
ta

nd
ar

d 
AI

D
 c

on
ve

rt
er

. (
F

ig
ur

e 
4

) 

4.
0 

C
O

L
O

R
IZ

A
T

IO
N

 

A
 f

ou
r-

co
lo

r p
ix

el
 a

rr
an

ge
m

en
t b

as
ed

 o
n 

th
e 

pr
im

ar
y 

co
lo

rs
 {

R
O

B
) h

as
 b

ee
n 

us
ed

. T
h

is
 p

ro
vi

de
s 

hi
gh

 c
ol

or
 fi

de
li

ty
 w

it
h 

lo
w

 
co

lo
r a

li
as

in
g;

 a
n

 o
bj

ec
ti

ve
 w

h
ic

h
 is

 e
sp

ec
ia

ll
y 

re
le

va
nt

 f
o

r 
st

il
l p

ho
to

gr
ap

hy
. T

h
e 

4 
co

lo
ur

s 
ar

e 
Re

d.
 G

re
en

, B
lu

e 
an

d
 T

ea
l (

a 
m

ix
tu

re
 o

f B
lu

e/
G

re
en

).
 

5.
0 

D
E

V
IC

E
 O

P
E

R
A

T
IO

N
 

A
lt

ho
ug

h 
th

e 
re

ad
-o

ut
 p

at
h 

is
 in

tr
in

si
ca

ll
y 

lo
w

 n
oi

se
, 

th
er

e 
ar

e 
se

ve
ra

l o
ff

se
t n

oi
se

 s
ou

rc
es

 t
ha

t n
ee

d 
to

 b
e 

ca
nc

el
le

d 
if

 w
e 

ar
e 

to
 

ac
hi

ev
e 

n
et

 im
ag

e 
no

is
e 

in
 th

e 
ra

ng
e 

o
f -

60
dB

 to
 -7

0d
B

, a
s 

re
qu

ir
ed

 fo
r h

ig
h 

qu
al

ity
 s

til
l i

m
ag

e 
re

pr
od

uc
ti

on
. I

n
 si

m
pl

e 
te

rm
s 

th
e 

im
ag

er
 is

 re
ad

 tw
ic

e;
 o

ne
 im

ag
e 

is
 ta

ke
n 

in
 th

e 
da

rk
 a

n
d

 fo
rm

s 
a 

re
fe

re
nc

e,
 a

nd
 th

e 
ot

he
r i

m
ag

e 
is

 e
xp

os
ed

. T
h

e 
8l

Tl
lY

 is
 n

ot
 re

se
t 

be
tw

ee
n 

th
e 

tw
o 

im
ag

es
. T

h
e 

tw
o

 im
ag

es
 a

re
 d

if
fe

re
nc

ed
 a

n
d

 th
e 

re
su

lt
 is

 th
e 

'c
le

an
' i

m
ag

e.
 T

he
re

 a
re

 m
an

y 
di

ff
er

en
t w

ay
s 

to
 

op
er

at
e 

th
e 

de
vi

ce
 t

o
 g

iv
e 

th
is

 r
es

ul
t,

 F
ig

ur
e 

5 
sh

ow
s 

a 
se

qu
en

ce
 o

f 
1 

re
se

t,
 a

nd
 3

 r
ea

ds
 th

at
 le

ad
s 

to
 c

an
ce

ll
at

io
n 

o
f R

es
et

 N
oi

se
, 

A
rr

ay
 o

ff
se

ts
, a

nd
 d

ar
k 

cu
rr

en
t F

P
N

. 

T
he

 3
 re

ad
s 

ar
e:

-

(A
) 

T
h

e 
re

fe
re

nc
e 

im
ag

e,
 w

hi
ch

 c
on

ta
in

s 
th

e 
A

rr
ay

 th
re

sh
ol

d 
F

P
N

 a
n

d
 th

e 
K

T
C

 re
se

t n
oi

se
. 

(B
) 

T
h

e 
ex

po
se

d 
im

ag
e,

 w
hi

ch
 c

on
ta

in
s 

th
e 

re
fe

re
nc

e 
im

ag
e,

 t
he

 s
ig

na
l a

nd
 th

e 
da

rk
 c

u
m

m
t F

P
N

. 

(C
)T

he
 d

ar
k 

im
ag

e,
 w

h
ic

h
 c

on
ta

in
s 

th
e 

ex
po

se
d 

im
ag

e,
 a

nd
 a

no
th

er
 d

ar
k 

cu
rr

en
t F

P
N

 (
4x

 th
e 

va
lu

e)
. 

B
y

 s
im

pl
e 

ca
lc

ul
at

io
ns

 th
e 

si
gn

al
 c

an
 b

e 
ex

tr
ac

te
d 

fr
om

 th
es

e 
so

ur
ce

s 
o

fF
P

N
 a

nd
 n

oi
se

, l
ea

vi
ng

 b
eh

in
d 

a 
re

si
du

al
 n

oi
se

. 

di
ff

er
en

ce
 im

ag
e 

=
 e

xp
os

ed
 -

re
fe

re
nc

e 
=

 B
 -

A
 

D
ar

k
 c

or
re

ct
ed

 im
ag

e 
=

 dif
fe

re
nc

e 
-

(d
ar

k 
-e

xp
os

ed
)/

4 
=

 (B
-A

) 
-

(C
-B

)/
4 

A
 s

um
m

ar
y 

o
f t

he
 p

ri
nc

ip
le

 m
ec

ha
ni

sm
s 

o
f F

P
N

 a
nd

 R
es

et
 N

oi
se

 is
 g

iv
en

 b
el

ow
. 

5.
1 

R
es

et
 N

oi
se

 
,. 

T
h

e 
ph

ot
od

io
de

 h
as

 c
ap

ac
it

an
ce

 a
nd

 b
ec

au
se

 i
t i

s 
sw

it
ch

ed
 w

he
n 

re
se

t i
t i

s 
su

bj
ec

t t
o 

K
T

C
 n

oi
se

, a
s 

th
e 

sa
m

e 
P

ho
to

di
od

e 
re

se
t 

no
is

e 
is

 p
re

se
nt

 in
 b

o
th

 re
fe

re
nc

e 
an

d 
ex

po
se

d 
im

ag
es

 i
t i

s 
th

er
ef

or
e 

ca
nc

el
le

d 
in

 th
e 

di
ff

er
en

ce
 i

m
ag

e.
 

5.
2 

T
ra

ns
is

to
r 

T
hr

es
ho

ld
 O

ff
se

ts
 

T
h

e 
pa

th
 fr

om
 p

ho
to

di
od

e 
to

 o
ut

pu
t c

on
ta

in
s 

a 
to

ta
l o

f 3
 s

ou
rc

e 
fo

ll
ow

er
 b

uf
fe

rs
 (

in
cl

ud
in

g 
th

e 
on

e 
in

 th
e 

pi
xe

l)
, a

nd
 a

 f
in

al
 o

p
am

p 
bu

ff
er

, e
ac

h 
w

it
h 

a 
th

re
sh

ol
d 

re
la

te
d 

of
fs

et
. A

s 
th

es
e 

ar
e 

st
at

ic
 th

ey
 a

re
 a

ls
o 

ca
nc

el
le

d 
in

 th
e 

di
ff

er
en

ce
 im

ag
e.

 T
hi

s 
ca

nc
el


la

ti
on

 c
an

 b
e 

im
pe

rf
ec

t d
ue

 to
 fl

ic
ke

r n
oi

se
 o

ve
r t

he
 p

er
io

d 
be

tw
ee

n 
th

e 
tw

o 
re

ad
s.

 W
e 

ha
ve

 m
ea

su
re

d 
th

is
 e

ff
ec

t,
 a

nd
 a

cc
ou

nt
 fo

r 
it

 in
 th

e 
cu

m
ul

at
iv

e 
no

is
e 

an
al

ys
is

 b
el

ow
. 

5.
3 

D
ar

k 
C

ur
re

nt
 

D
ar

k
 c

ur
re

nt
 fi

xe
d

 p
at

te
rn

 n
oi

se
 is

 e
st

im
at

ed
 b

y
 re

pe
at

in
g 

th
e 

en
ti

re
 im

ag
e 

ca
pt

ur
e 

pr
oc

es
s 

bu
t w

it
h

 a
 c

lo
se

d 
m

ec
ha

ni
ca

l s
hu

tt
er

. 
T

o 
re

du
ce

 n
oi

se
 a

dd
ed

 th
ro

u
g

h
 th

is
 p

ro
ce

§
 it

 c
an

 b
e 

be
ne

fi
ci

al
 to

 e
xt

en
d 

th
e 

ex
po

su
re

 ti
m

e 
fo

r 
da

rk
 im

ag
e 

b
y

 s
om

e 
fa

ct
or

 (
4x

 is
 

us
ed

 in
 th

is
 p

ap
er

) 

6.
0 

R
es

id
ua

l N
oi

se
 

W
it

h 
su

cc
es

sf
ul

 o
pe

ra
ti

on
 o

f t
h

e 
ab

ov
e 

sc
he

m
e 

al
l 

fi
xe

d 
pa

tt
er

n 
so

ur
ce

s 
ar

e 
ca

nc
el

le
d 

an
d 

th
e 

re
si

du
al

 s
ou

rc
es

 a
re

:

(i
) 

F
li

ck
er

 n
oi

se
 i

n
 th

e 
ou

tp
ut

 c
ha

in
 

T
h

e 
m

aj
or

 c
on

ni
bu

to
rs

 a
re

 th
e 

M
l 

tr
an

si
st

or
 o

f t
he

 p
ix

el
, w

hi
ch

 is
 a

 v
er

y 
sm

al
l N

M
O

S
 d

ev
ic

e 
(F

li
ck

er
 n

oi
se

 b
ei

ng
 in

ve
rs

el
y 

pr
o

po
rt

io
na

l t
o

 a
re

a)
, a

nd
 in

 th
e 

O
ut

pu
t b

uf
fe

r w
hi

ch
 c

on
ta

in
s 

se
ve

ra
l t

ra
ns

is
to

rs
. 

(i
i)

 T
he

rm
al

 n
oi

se
 i

n
 th

e 
ou

tp
ut

 c
ha

in
 

T
h

e
rm

a
l n

oi
se

 is
 r

el
at

ed
 t

o 
ba

nd
w

id
th

, t
he

 O
ut

pu
t B

uf
fe

r 
an

d 
ex

te
rn

al
 a

m
pl

if
ie

r h
av

e 
be

en
 re

sp
ec

tf
ul

ly
 c

ho
se

n 
to

 li
m

it
 th

ei
r 

ba
nd

w
id

th
s 

to
 3

0M
H

z,
 k

ee
pi

ng
 th

ei
r n

oi
se

 c
on

tr
ib

ut
io

ns
 d

ow
n 

(i
ii

) 
AI

D
 q

ua
nt

is
at

io
n 

no
is

e 

T
h

e 
qu

an
ti

sa
ti

on
 n

oi
se

 is
 c

al
cu

la
te

d 
fr

om
 t

he
 t

he
or

et
ic

al
 li

m
it

, o
f a

 p
er

fe
ct

ly
 li

ne
ar

 A
D

C
. I

t i
s 

re
la

te
d 

to
 th

e 
nu

m
be

r o
f b

it
s 

o
f 

re
so

lu
ti

on
. T

h
e 

no
is

e 
o

f t
he

 s
ys

te
m

 is
 c

al
cu

la
te

d 
fo

r 
b

o
th

 1
0b

it
 a

nd
 1

2b
it

 A
D

C
's

. N
ot

e 
th

at
 a

 'r
ea

l' 
A

D
C

 w
il

l b
e 

w
or

se
 th

an
 th

e 
th

eo
re

ti
ca

l l
im

it
. 
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n
e (i

v)
 D

ar
k 

cm
re

nt
 s

ho
t n

oi
se

 

T
he

 d
ar

k 
cm

re
nt

 n
oi

se
 c

on
tr

ib
ut

io
n 

ar
e 

ca
lc

ul
at

ed
 a

s 
th

e 
Sq

ua
re

 ro
ot

 o
f t

he
 m

ea
n 

da
rk

 c
um

m
t. 

Th
e 

m
ea

n 
da

rk
 c

ur
re

nt
 w

as
 c

al


cu
la

te
d 

at
 2

5C
 a

nd
 w

il
l d

ou
bl

e 
fo

r 
ap

pr
ox

im
at

el
y 

ev
er

y 
SC

. T
he

 n
oi

se
 c

on
tr

ib
ut

io
n 

o
f t

he
 'd

ai
t.

' i
m

ag
e 

is
 g

re
at

ly
 r

ed
uc

ed
 b

y 
di

vi
di

ng
 it

's
 c

on
tr

ib
ut

io
n 

by
 4

. 

6.
1 

N
oi

se
 A

na
ly

si
s 

N
ot

e 
th

at
 th

es
e 

no
is

e 
fig

ur
es

 r
ep

re
se

nt
 th

e 
ne

t p
er

fo
rm

an
ce

 o
f t

he
 to

ta
l c

am
er

a 
sy

st
em

, i
n

 n
or

m
al

 o
pe

ra
tin

g 
m

od
e 

no
t j

us
t r

ea
d 

no
is

e 
o

f t
he

 s
en

so
r a

lo
ne

. A
ll

 fi
gu

re
s 

ar
e 

nn
s 

el
ec

tr
on

s,
 re

fe
rr

ed
 to

 p
ho

to
di

od
e.

 

R
ef

er
en

ce
 

Im
ag

e 

(A
) 

A
rr

ay
/R

ea
d-

ou
t O

ff
se

ts
 

70
00

 

R
es

et
 N

oi
se

 
52

 

A
ve

ra
ge

 D
ar

k 
C

ur
re

nt
 F

ix
ed

 
P

at
te

rn
 (

20
0m

se
c)

 
-

D
ar

k 
C

ur
re

nt
 S

ho
t N

oi
se

 
-

T
he

rm
al

 N
oi

se
 

12
 

F
li

ck
er

 N
oi

se
 

-
10

/1
2-

bi
t A

ID
 Q

ua
nt

is
at

io
n 

28
[1

 

T
ot

al
 C

am
er

a 
N

oi
se

 (
10

/1
2)

 b
it

 

T
he

or
et

ic
al

 S
IN
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FIGURE 6. VV6800 CHIP PHOTOMICROGRAPH, 10.8mm x 12.3mm 
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