Raphael Cherney






- FPGAN .









|EEE FHOTONICS TRCHNOLOGY LETTER VOL 19, NO. 15, AUGUST 1, 2007

A High-Dynumic—Rungc Integrating Pixel With an
Adaptive Logarithmic Response

Hsiv-Yu Cheng, Student Member, IEEE. Bhaskar Choubey, Member, IEEE, and Steve Collins, Member, IEEE A Wide Dvynamic Range CMOS Image Sensor with an Adjustable

Logarithmic Response

\bsiraci_A majority of charge-coupled device and complemen- _ level of fixed patier 00is and both a slow respoase and poor Bhaskar Choubey, Haiu-1 Cheng and Steve Collins
(ary metabovide-semiconductor imaging sensCet obtain a fincar ht level: . . Toiversity of

Y sase by integrating the photocurrent i the e s The ideal pixel should combine the k w-light performance Department of Engmeering Science, Universy of Oxford,
simple transduction method: howerer Uhe dynamic range of the o iniegrating pixels with a high input amic range and the Parks Road Oxford. UK, OX13PJ
B ing pisels is smaller than that of many S0, A biologically grating pixe ° nput dynamic e ©

imspired approach to solving this problem is to create a pixcl with lowe coasistent with creating £09C

a logarithmic response. A pew design for an integrating pixel with y images. Integrating pixels with a logarithmic re ponse ABSTRACT

a logarithmic response is presented in this letter. The theory of op-  and @ di2iial € ve boen described previously [8 [10] °
B of the pixel is described before results are reported that  These pix mory within each pixel that
<how that the pixel has an adaptive response and a dynamic range  ncreases the area. and hence cost, of each pixel

of more than 120 dB.

A wide dynamic image CMOS image sensod with @ user adjustable lo;.«_j'_\muc pn_mo»:é .
A p.\'.OS' switch and 8 time-dependent reference voliage 2 integrated mto 3 n_:ee-u:\nﬂsp DE
In this letter, an 3 , inteprating pixel with a loga- seractze to implement 3 Joganthmic respons® Several pixels bave ‘been mamsctured ‘j‘sng a 05pm
Index Terms—Adaptive Jogarithmic pixcl. complementary rithmic fesponse is described. Un! peevious d wapdard CMOS techoolo Conpared 1o 02 comventional logarihmsc response pixel based o8 2
rxttul_oudcqwmu:unducmr (CMOS) image sensor, logarithmic  [8]-{10  this has an analogue output which avoids the need for o 3 ramsistor. “he pccposed pixxel combines 3 wide dynammic rAng2 of 12048 with nmch higher
piml. a multibit memory within each pixel. The result is 3 pixel with ) and better dark response
ws. and hence smaller a en made on the
In Section 11 of this le
integrating pixel with a logarithmic response
rated scenes may simultanect . Vhenin Section 111, results obtained from testi s type © 1 L\'I'ROD‘.'(TIO.\-
~ dows with the result pixel are presented W hich show that its resp!
e as 100 dB by \r.x uicr snd that it can operate over 2 dyna ge of A wide dyazmic Lane CMOS imsge <ensor that can <3P th bright and dark aress
than the dynamic fang ) o, more than 120 dB A ey desiseble %« epplicotions mcluding ‘automobile driver 8 v and comswmer
s with the result that sat- acts ‘Tave been proposed d the dypamuc
ur in images ype of scene Most imaging . fost of t . pe of three pnnayel Zoups. The frst TP convert phmocu.’:am mtod
e eomvert the input photoa flux (0 voltage by inle catin 1. THEORY OF OPERATION : e B e comparstor in each pinel [1-2]. However, 05 approach InCTeases
a photogenerated current ato a capacitor for a known - To achieve low-light seasitivity in i e DI o result (hat these pixels @e 2 disadvantaze when COsts <t be controlled of
2 time. The resulting linear response makes it very difficult 2 n which a photocu inte- pixel count The second more evol y gouwp 4'12117 5
-dynams : ile preserving all the  prated onto a capacitance €' ol - ! sev sration periods and then © ; de dynamic THE
observable details in the scene then after an integration time 7. it W il - [3-6). Te £ these systems is e C . z to synthesize mf] =
Several niques have been propased to increase the input : image. The last 5 onIpression of the mput photocurent 1 I!—E?\u:p\n ‘.o():j:l.X
dynamic range of complementary metal-oxide-semiconductor ) i sinz the CUTERE-y SFETs workinZ B weak imversion [7-3 ] The st
“MOS) pixels [1]. Some of the iques are basad upon =T o Ul SWIE (rypically ry (0mV/decade) of these pixels make ﬁ
wlti 2 > capture 14].Al- uinerable to bodh fixed panem and temporal DOISE Fusthenmore, although b consmmons o:n;:'-\t i
C the pixel t from these pixels c22 be an advantage I some applications, It means that these pixels are slow © respond
se linear and a large number . . s the . he paxel 1€
the visible details within 2 tain a high dynamic ra the int 3 - 1o 2 sudden decTeasé mpboto(\xf-!m

1. INTRODUCTION Keywords (CMOS image sensor. W ide dynamic range. logarithmic response. pMOS switch

f 2
+h these techniques achieve 3 high dynamic ra . » is a constant, the result is a pixel with

sponse of these imagers is piece-Wwi
of bits are required to captur all e
y 2. t upon the pixel photocurreat 1n addition to maintaimng

y. the pixel shodt eprate the smaller ph e idesl pixel = combinz 9] of response of 3B intesrating pixel W the dynamic FanZe
d T 2] pixel should com the speed of f el with
he pixel she o - - X &

: « to minimize the effect Thi conpression of logarithnuc pixels. This c.—a;e imae;: using ;co;\me;o ;:fmv:\:mm‘. i :;E\; ;1,\::13;13 ‘;\;:
power con nal s or to minimize the effects ¢ is e e of the pivels so that ¢ o voltaze 5 R g

‘An approach to avoiding the problems that arise ¥ ith “linear : hould be achieved b g aﬁew"“ 'i‘if?’“”“imai e size and Jow il T B e from the wse of s WP
m\l;‘.;lltal pired by bic w]l'w ‘.l ~§‘K;‘c ms x\llrnd n pixels \“‘-‘{ e for which er ph . :—"nflt"’“i o ind p sor makes it impracacal for mos applications. To overcoms these problems ‘povel wide dynsmic
wi ogariths oase. Pixels with loganth s / el fc ch n time of the s

; : e ranze CMOS g\_\:elhasbee:\detelcped that is described for the first time in tis paper.
based upon using 2 ¢ »semiconductor field-effect can depend upon the pixel photocusrent is shox g

ansistoe (MOSFET) load device operaling i weak inversion, P contains the usual photodiode, feset transistor. 3 0 as follows. In section 2. the pixel and its opesation 2 described. T;
pave been investigated by several groups [SHT) follower readout circuit. In addition there is a comparator whose Gesizn and mem{ results of the protonpe pixel are presented in secaon 3 In section 4, B2
of pixel has a b ! and reduces th % Gutput controls transistor Mg, ThiS ‘ecsurement results of e 10w dark sizpal pisel s present=d
£ iho ywer can be disconnectad ire
Since it is the voltage on the gate of the source:

ous S he pixel 1D

;. THEPIXEL

wide dynapuc rang® pixel is shown 13
. o ain







V([vref]

V([vout)

V(reset)

4.5V

4.0V

3.5V

3.0V

2.5V

2.0V

1.5V

1.0V

0.5V

0.0V—

-
w
w
g
A
[y

U7

o
8

o

10m

-0.5V
Oms

Tms

2ms

3ms

4ms

5ms

6ms

7ms

8ms Ims



7
B

P08 0

S

v

SR

R

R

R

25
S

R e

7
i

o
R
S

ROW
Vet

Vreset
RESET



Cloyaw ZIDyaw ZIoR MR ZIoRWw
[NSED

0

AT

VI Y
)

ol
1

N
—
N
.
'\. S /-_‘
il

/
\
3




v'i.'] f vf‘ntvu:i‘.

L

i

18 )
R e sl g § ol

:
i

‘|J ~o”i N

gl

.

'r:”‘ '»

i
!

’

a.
Al

M ¢

Wiy

4

L)

-

~

4

e

!

o s - RR L s o - - @ . snd " de f 4 - . ¢
. o e . G ——_ . KD " ISR s el -
S Rel 1 L 3 TR E EAITPETLETILIIGIN TN
: T WP N T W ARSI TR A A I »’c‘»lﬁ
e LI N TR TR R P SR i u:v:uraﬁ.&
e Y a2l dVaVla ....1'5,,““! Y

s - e T P L s e 1.....

?w-qb« N1 I\JCA LY \ JI 1

D‘j" -ulfyer Ay gl ¥ PS v-.c.av- 3
. 3 Eramm e EPR "'L;"A""’!l‘\“m

- R

-







Vreset M4 .

o RESET
'RESET .—-—{ -

Vreget Mo ml M2

. Vref ami@eN |=1.8u amizeN
- Vref w=1.8u - - - - w=18u w=1.8u-
|=1.8u ami@én I=1.8u
. . . “ . net18 m:,] . . . . . . . rv11 m',] .
@
fnet18 M3 .
amigeN

w=1.8u
[=60¢n
me

ouT,

.g nd



J
W

D

%)
D
-+

®

NVreset | W4

' '_ ' ' ' RESET amiBeN
'RESET '—-—{ w=l8u
- Ly I=c@@n

MZ
ami@enN
w=1,8U
l=1.8u
m:l

MA
ami@enN
w=T1.8U-

m: 1

|=608n

OUT



AUA R
- Vref

D
I8
i
—

Vreset

net18 4 m:l

MZ
ami@enN
w=1,8U
l=1.8u
m:l

r"',"ll13 .
ami@enN
w=T1.8U-
|=60En
m:l



Vreset | M4

' ' . . ' RESET ami@enN '
RESET .—I—{ - w=1.8u
- Ly I=6l@n

MZ
ami@enN
w=1,8U
l=1.8u
m:l

r"',"|.1 3 .
ami@enN
w=T1.8U-
|=60En
m:l

ouUT

gnd



Vreset | M4

e
'RESET .—-—{ -

r"',"ll1 3 .
ami@enN

w=T1.8U-
|=60En
m:l



t,'T_'.\l

ka B Vref
Vref

(¥
4]
®

Vreset

. RESET
'RESET .—l—{ -

Vreset

net18 4 m:l



V(reset) V(vref] V([vout)

4.5V~ \,

4.0V \

3.5V

3.0V

2.5V

2.0V

1.5V

1.0V

0.5V

0.0V—

-0.5v T T T T T T T T T
Oms Tms 2ms 3ms 4ms 5ms 6ms 7ms 8ms Ims 10m




A NANNNNNNNNNN N A e A AN N N S ANNNNNNNNNN Sy NNSSNNNNN AN AR 7 NNNNNNNNN < NNNNNNNNNNN
PR NN RN £ K n i a a6 1 e e A 1 & & AR PR NN PR NN ERNNNNNNNNY

BN

-

e S e

e |

P S

]

~ -
S

A

=

PR
TRt
T, e g

==y

S

o P ey, |

£
]

55

o —

SRS

PP SR

P s

%
P
N

——
LS

|
|
|
|
i

-

]

-

__.___T_
[

i

R T e b b T e e ]

s | | | | T | = | | st |
-

v




