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SUMMARY

The human retina performs photo-input sensing, edge extraction and
motion detection of image. In the area of real-time image processing, the
retina is superior to the digital image processing systems because human
retina uses parallel information processing method.

For edge extraction, the functions of photoreceptors, horizontal cells and
bipolar cells should be transformed to equivalent electrical circuits.
Photoreceptors sense the photo-input and output a voltage corresponding to
the photo-input. Horizontal cells spatially smooth the output of
photoreceptors. Bipolar cells yield the difference between the output of
photoreceptor and horizontal cell.

In this work, we proposed electrical model which imitates the cells
concerned with edge detection in the retina. To clearly extract edges from a
complex image, we introduced local light adaptation into an edge detection
circuit and quantitatively analyzed it. From the analysis, we knew that the
diffusion length L becomes to decrease with increasing input light intensity
and nearly constant output can be achieved. Several bio-inspired analog
CMOS vision chips for edge detection have been proposed. One of them has
a resolution of 52x52 pixels and performs both edge and motion detection
with a function of output offset cancellation. The characteristics of this chip
was were investigated. Both edge detection from an fixed input image and
motion detection from an moving image were clearly observed. Another type
of chip has characteristics of low power consumption, which is a problem of
analog circuit with increasing number of pixels. We have also designed a
vision chip which has ability to cancel the offset according = to
implementation of an offset-free column readout circuit. This chip can reduce
noise and voltage fluctuation due to reset pulse and body effect of MOSFET,
respectively.

A 512x384 spatial-temporal multi-resolution CMOS image sensor for effective

motion detecting function has been proposed. We have implement the sensor in



0.18-um CMOS 1P4M technology with 5.9-um pixel pitch and a dynamic reset
current source. It supports to generate digital video outputs that are efficiently
merged and processed to form frame data in hierarchical resolution in digital
domain. It also compensates for kTC reset noise, image lag and fixed pattern noise.
The proposed CMOS image sensor controls the reset voltage using a pixel-level
dynamic current source operating in weak inversion and a column-parallel
comparator controlling the current source. This dynamic current source allows
designing a uniform weak current source array with significant parameter
mismatch. FPN from pixels and column-level readout circuits can be reduced since
the reset voltage of each pixel is adjusted to the reference voltage imposed by each
column comparator which is also used for single-slope analog-to-digital
conversion for pixel readout. A total of 390 uV(rms) readout noise, and a factor of
two improvement over conventional reset is achieved. The chip operates at 1.8 V
and consumes 40 mW excluding 1/O and off-chip DAC for a single-slope ADC at

24 frames/s.
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w0l HAA 2ol BFoIA AThY, ¥ el Y BARTH e
spete] go] Walsl ek,

(7h Al A A (photoreceptor)

il
113
L
fir
rO
i
o
I
o
i_l"
rir
Ar
fo
ye,
o
B
N
2
}o{t
b
Ef
rigt
215
H
o
o
b
lo
=2
&
K-

(cone cell)o} ZH M E(rod cell)7} vt dFAHEE ZF Fo 600~700 w4 A
A

= XS 30 YW, o] FYFE(ovea)e] $UHOE AN o] )

A dA B2 Ak Lol wj$ wREt o) XA 715S #F3)
A FAYol B3l o] 52 AloKfield of view)e] UnkH ol x&H

=
Ve AT FATE 24 B A wde Brbssa @ g
1

ol

Z % (illumination)o] 5| RZHE WL BT o] WFEel, FENANE HIA
L7 BN AFAESL F2 FAI AR gpre Fuke F4
Ro) REST 7] WE, FARAN A B TARASAINL e
FRAND 25 AFATI FolET IPATI} FAhSEA AAES EF
Holn Feahsol Wt kel Bl Faskfovea) AHNEY Zwol
W dFAEe AATE] BEE 19 4o bl 358 g B
& W3(blind spoyold} Bt of FAL AL FHgA REE F4)

'S

of Wstel PAFOZ dPolth AFAEE Bt FREA MY UE
E3, MAAEE F 20, AAE WEst Foet gu d4os 24

5 9457t FojEn17].

N
——
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Pigment epithelium 3£

1
4~ Rods & Cones

Photoreceptors Hibik | LT

Outer nuclear layer =gl R S

Outer plexiform layer ) g?;;fg?gﬁ:”s
Inner nuclear layer =g % ~ Amacrine cells

Inner plexiform lager g Ganglion cells
Ganglion cell layer —9} Ganglion cell axons

(a)

Rods
Cones

Horizontal cells
Binolar cells
Amacrine cells

Ganglion ces
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Numbers of rosd or cones per mm?2

: Photoreceptor

: Horizontal cell

: Bipolar cell
: Amacrine cell

: Ganglion cell

5 0 » % H ®

: Interplexiform cell

180,000 ¥ H 1 t § ¥ i ? [ H Y ] ¥

;
|
=
=
Q.
2]
T
S

160,000

Y
#

140,000
/
120,000} Rods,

i

2
m\%
&
Y|
Q
Q.
w
% F

MMW

100,000

¥
o

80,000 4

o AT
M3 i,
o

60,000

1
o

E
OV S SRR SN —

40,000
0ar,

H

20,000

Cones Cones

e o e . . s e e e st

:\
© heemamm
§

) I 7 N i T ! "
80°® 70" 60° 50° 40" 30" 20° 0° 10 20 30° 40" 500 60 70° 80
Degrees form the fovea

a9 4 B9 e AAES} dRATe] BE
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(A} 3 Al 3 (horizontal cell)

o] AMEZEE g wol AMEe £¥HE FHH, AHoE BE
spgek g AAE AlXe whEEd d¥S £ 5 de WHRdY 9985 1
Aae] Fgotetm dot FAEVI 277t oF 50ml Aol wlE &
0~1000m=Z # Y} o] AL FHMAEEO| gap junctiond] 3 FA7|Ho=z 4
gl 217] WEolvh gap junction®] AH e olsf Fgobel =77} WEET. o]
Ao 2Ry wWZ% Axo] gA F&ok ZVE v Ao g3 ¥ W
o] Bz &&sha dvkn AT 4 ok EI AMNIZRE JYE T
olyzt AlM ol AEE FH=usia gl

Ha

(vh A=Al (bipolar cell)

AAEG ABFAEE JdAXNAFE AAFA T ASAEE SF3AAE
do7]x Rl @A 345 sk A Sl(graded potential) ¥HE Aotk Aol
A dRE 7ad Aol AT ol ASAEE AAES FEAEERE

(#H olvl=¥ A X(amacrine cell)

BAEATERE dES von, gugo g HAJUY. FAF diste] A%
Hoz gusit A& BAT AN 2 FRAND SR FESYY
o Atk HESTY opaAAYE S AS Boln Ykn BT

("h) A173 4 4 ¥ (ganglion cell)

ekl EEAZEAN AFAEY ot AAIEZREH A S Tord ANAUA
& 53l dido] A& Bdg AFA X} upAsA 2 ONSH OFFg o] 3l
. 283, #x $Hd omadAMEe viXE FAFd SHste
ON-OFF& | glt}.

_25_



o 4¢

H
e

oH

!

@ A Pt

oA

kg 7HAT g,
7

o FAAT Yckx

At A=A

X
T

N
ol
2

BAZZREH gAY 49 T3 o

PN
T

A2,

Bl 2 OFF

AE FH
ol &

3

3L

At o Aol o3 FAE= AAMES}

wepol 9l

ATHH 6).

[ 1A

3

4]

=
=

]

g 7(c). ©

2 detia

3

Ay

e

LA FHAH RO

J—

5. 93 (OPL) A 9] AlEZe] A3

a4
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Position

(a) NA£] &9

o

£101da2310)04d 10 SINdInQ

Position

[=]

SI92 [RIUOZUOH J0 SINING

(b) v4AZ9 9

Y
K-

(192 Jejodig o sinding

Position

(c) 45 4%9 29

Fgoe] e

[&]

6. ON F4

a9
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Outputs of Horizontal cells Outputs of Photoreceptors

Outputs of Bipolar cells

Light OFF : Light ON
>:<
]
]
i
i
0
|
1
1
Position
(a) NAX2 &9
Light OFF } Light ON
-
1
i
|
1
i
|
1
!
|
1
0 i
I
Position
(b) =3/ X9 &9
Light OFF : Light ON
>}<
1
1
|
0
i
i
L
Position

() ASAX &9

3
a9 7. &#%aEd A7
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. X4 BAS 7159 AFF 94
CMOS 42 ol &3 S4AE Alzt3] HAA, 52 H9e 4= A
olul Ao EHHEE st F4& FAHGIIFo] e =
vy 4~ o A (lateral inhibition)7]15& e THAEE o
=

o] $HEE FLHA FYAEEY g0}

i
2

32
o wlo

de Aot wEbA, wiAFE
W L 2HHEE IS 5 ok
BAE= gap junctiono]zt Bl LAY A o5 ddHe] la AA
E nk2 ol HU1He R A% AFIERTS FAT ol d FHAEY 7
o= C A Meade A4 32U o] &3t 43, o]& CMOS ¥Ho2
A2k 8olg MOSFETE thx]ate] =&t

2

-y
o
2

i
rr
o
)
e
fo
il
okl
N,

A ow Hastetel AT Ao AEAFHA
FFS vFth o)A FHAHEY 715E C A Mead:e AFA =g At
o, A2 Ao & k=8 B3 HdHE ARl o YdHE Agel
Bl wAe dF] Axs AHIAD] 1™ 8& C A
A

7V rest A 32ge wedold A Ry ddold AYE: G
2 X9F 4 Aok vbE-3(semi-infinite)d] sz o g 7P, R GO #
At xol BelNE SYdolen sHY et

0 1 n n+1
bt - ] f > X
Vo Vi Va Vn+t
Wy—e—WW—e — - — — - Wh—e *r—
R R R R R

¥y 8. C. A. Mead7} A3 A4 32
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A Vo x = 094 A7k AHSHS omgith. g Aol =349 49
o A xollXe] A Vel F£ dFS A xollXe] A A RS B3 =
2E AF ()9 x+dx FoX 9] [(x+dn)e) BAZ 78 5 Atk

Wx) = Vix+dy) + Kx+dx)Rdx 1)

Ix) = Ix+dx) + V(x)G(x) @

dee obF AL FolBR AR I8 AY Ve xo AFFeoln, A )T 4 (2)
g o83t} At Vel #g o]An A NS do] 1 HE 7T F Utk

X

Vix) = Voe @ =V, e F (3)
5 et L2 74z 3299 IR (space constant)?} 4+ ol(diffusion
length)2} 3la1 b33 Zo] AoJdich

_ 1 _
CI—L——‘/E (4)

A7l MR Fasta, 1 34 dre 9 deld Ad Ry AYE 2 G
T B 7)o e A

o] AzAeAA dFE FE S ¢ == AN E =2 A
% 2

%0
Y
4
o
z
b
N
0
m
)
2
}o\‘
Al

(2) MOSFET A&A 3=

C. A. Mead”} #¢Hs A3A slzwe] 249 RF} GE FEsEY o
p-MOSFETS o] &3tA g™ w9 749 9% RS AFEeE &+ Jdo gt
A, p-MOSFETS o] &3 &4 23] g Asir 18 99 NF=E

3

FAFAeR BAE 2L ALY d9ydszs F3LAE T YUY
BAFE FAG Aolal, Mpis Hlo]o]2H¢} Vopol AZ2F p-MOSFET, 13
A Mesie= olRdte @9 gAsRe dAFHo] FREAAY ATE de
p-MOSFET®|th. &, Mpiinl A Mpune AA 3299 GAE, MpiadlA
Mpsin RAGE AZEH Fete] P T S-S gt

EE AFY & 99 B-F 2ot 2R LA b #E, == Vidx

VinZh A AT ALEEZE 7HAA Eoh. debA, R Ge 44T @& Ze

..Lz
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g golct.

A @ozRE oo v AFs} LelH [2 Wed o, 7 ecdgde 3

2%e 59 WYPEE ¢ 5 itk o] W, Azel R% Gol ghol Resh Go
2717 98 ARV H9d =29 AYE Veahd, Vool 93 itndA k=9
A%e e gol tehd 4 gtk
o . . Voo . .
G G G G G
Meizz Me MPli% Mpe: Mp.
Vga\\e 1 4 4 1 b
. 4 IR LR IR 2R IR
2

Vi l T [Vii] ] | Vi Vi Viz o
Mps:k Mesi P51 PSic) Si P5ira

N SEOT SEONEROT SO

Vii+n) = VO e~a(i+n) — VO e L (5)
o71X, a = 1/L = VRG,o)t}.

T3 g¥ p-MOSFETY gateA}E Veue® TAH AL, drain, source?] A<t
< YE¥He FARAE Y HIEHE ddol ol A" O AYHse
v Zrle] ANZ e HdHsegmentation) 9|84 MOSFETE subthreshold <
Gol A FZ okttt o] ], MOSFETY] R# G¢ =7]& subthresholds & <]
AHREAHoZRE 78 5 ok

xVo— V.
Iy, = IoeXD(——_G—UT““‘S‘)

VS - VD)

[1 — exp(— U, (6)

A7\, b= “PND U = k1, xE =BE BN olesE =YL o
Aol o3 A UAE 2Hdle gate FFH Y] FHAE nAT 2LIH
M) M 234 gl

_31_



TG Fo] YAH T F-EAM e R 7z} p-MOSFETY] drain¥} source?] A
Aapol7b ol HFoZ 3| subthresholde] MG N F2& stAE
=, Voo = 4UR1 A9 2 (72 2ol Yeld 5= Atk

Vo — V.
Igp = IoeXD(—x—Q‘(‘E—S)

[1 — exp(——T/—S—gf—VQ)]

xV, — V
gloexp(—————~GUT £)

[1*(1+(—u)+...)]

Vp, — V. Ve — V. )
= ]0(___D_U;___$_)exp(_x_GU_T__S_)

Tt ASE R s mE AFWse] AAAL o&sd 4 (8)F
2ol vhehd S vk

A (8)ZRE], RS p-MOSFETY] gates} sourcezte] @tstole] o}s] =1 zko]
Ago] He & = Yok

ol = AAY My 34 TGl TS ARG YAHE 3 7
o 3 =AY Vo] ez

fr

A

il

A~
T
L =233 Vi F

7

V; -V
o = hexp(— 1~ exn 7))
V.
= Lyexp(— );]Tl) = I )
. 6‘[2 . x XVi
G; = v, ~ UT Iyexp(— U,
= U ;=G (10)

7} Gtk 9 3 ARE WSAAE G/h WEEn Sl Lo] WA
4 @) 4 (10238 F4do] Le hed 2o 7@ & 3ok
1

TEG }
= [\/ xexp(2Ye = ér‘ — Vs, a1

h
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7t B wba, C.o A, MeadZh Ate A4 327-S p-MOSFETZ o] 3}
o 57kstd & dom, A9 k= FYHe AF9 Wsle p-MOSFETZ
FHR A2 ol ol2ett wANde] JFe FAYL, U BHFe
Azl wet ghabdo] Lol 4 (I)AY WatEs & F vk

w4 11)Z5E gabdo] L& MOSFETY| gate, source, Z18] 1l drain®A}
o Aol w2} g2A "doe A& ¥ F Utk o2 QlF 4 FHE V)5l
TdE Utk

0

=& BAL Jlee] a7 AdMe 48 FR=TE F(FH2) AF F8A
1572 gibg dA(FA)stdor g &, 99 B3
L& Frolxof star, &2 ¥ I Wiholth

=h BAHE Jles AU 1 103 Zo] G AszE 745,

A BAF WSE 100pAc]A  1000A7tx] 2IAAALZ HIAFIEA

simulationg A3stPTh BF (@) (b)E ZAE Aol 19 99 p-MOSFETZ

TAE ARG F2golnt. Frhole s olatE ¥ oA FARF A HEE
.

Abd @Az £ oA FE A FHHE] MRS

logarithmic 3|2 & =3t 80dBo]4t¢] dynamic rangeE Z%=2 3ty #A

o 237 & B4 G5 193 F vele=8 AEste] A A

(4) simulation

S HAsE HE 139 wEsgda, w7 FARE 10 pE 7P Y
Y BAZEXFYE Fo atel o) e AT GHHAAAE JEY
ol GFel At A, ¢ = 1.5¢0 MHAGEEHEE 1A 3§14
o 29 112 Fatste 7MeAIGREEFE Y S Yl Aol

I 12 99 33% ¥ b 34 FA " &30 F 9 simulation 2
e YEhd Aot FA=I Sl et &%) fAUt dEAlE A2 v
FAG BEXE de 48 AR FUHe dio] Feo] Eidoz s
AHT ST do] FE dFo] sy HolAy] Wik

e

fr
rlo
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Normalized input

Hien

(a) Me1 Mez
Vgab
| Mes
T v a1 9
S ]F Inut
= 1 PD Vep—
Von
(b)
I
¥
M Mz
| |
.‘l.
-

Position

Y 1L A AARE Y
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500.0p ——+—10 pA vs 160 pA
450.0p -] —-— 10 pA vs 1 nA
1 L 10 pAvs 10 nA
400.0p < 10 pA vs 100 nA
350.0p -
— 300.0p ]
= 7]
£ 200.0p
g 150.0p -
'; .
o 50.0p
0.0 C o MV dd
: jDDDDDDDDD L__Jg AGYNODDoDoooonoon
-50.0p £ W@gﬁ(’ Y %@- Y . ¢ ;
-100.0p V Vv
-150.0p : T T T T T
0 5 10 15 20 25 30
Position
a9 12, 948 FAx W wE 34 FH3E a4HE A

10pA] ®i el ity A4 FAFES 100pAcl A 100nA7HA] ZaxAY=
Ml E T 2 9 FAFA dig 2EAF dde v ardS
& Atk o, BAEIE B9 MisE Bl 525 AFY Fadolvt
ForAal, BRI e A9 Fbdolrt "Ry wiEolt)h olE HFE
#3129 i SgAI R Ve =59 Heh, 18I Mp 2 MesE 5
AN z2v AFE ZARIAT Ve 2210949 R-GE TA3E Mpd M
ARE LAY, FFH o] Le & & AL Zoth 54 #1849 &
HATNE L7198 Mps] gate MY 345 VE a3

124 wide 2@dszo Vee=ge AYS FAEY 17 134 g
WS Ve =289 HAEEFHE Y FAF7F 4855 Fopdoh 94
g AR mE Veghe] HgAE Ald F A5 &Fo] YEdE 1
129} BlaEiA & S o

AR N ANE ZE AL 24 (§)0r9} Zo] Ro| gated}
source®] HYAF7FRE A Ao v sty AAA H7|l wWEolvh 1e
i, 2 (99 V(1Y 109 VekE)e tE ks vHl3 Ze Ats vEhdoh

:4m
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webx, Ge AFgped vlEdsty AAAEL, ol Fakdo] Lol A (4)9

BoAERY HAastAET &, Y BAFY IAVVE 45 F4Hde] L FAa

b FEHAA vEdt b AEAEE AX 2 AME & F U
Mps9t Mpr& B8lA 32 AFA7NE A8 MesE 5

o} I dte] AgNEE AW RS 7T § UL MpE T3 52E

o} Fehe] AMwiEE GE T 4 Ut 29 e 7 e A33 29 M}

2
En

d s=+

&Y
2

Mg 53] 22 AFE Ul Aotk @ MiE 53 32+ AR/, (b))
Mp& 53] 22+ AfFolt

R& Mps® AVp/dsps2 7 5 31, G Mp9 dlgn/dVsn o] Wg +
& 5 v 23 15 p-MOSFETZ #4348 A& 324 Ry} GHES 4
Bl Aotk 29 g Ze R EX =, AR 9 420 02 AFYS

st 711E Aol
g 11 @9 b)E T3 ¢ F %] R 3
oo vz 2 A8 FAFIE EASE Fdol © E Fe RAETE ASE & F
Atk ROl 7bF FA velhde FES $H3R
FE2 7P & 49 Fo] EAske FEolt)h. simulationd %2 5-¥ 3 R}
GO FES 2 @ A3t Figo] L & 4= glen, o5 1 169
e AT

I 169X, FLT AAZRE JE FAx AV FFHE)FE 4
o] Lo] F&(F)2 & & Utk o€ 948 A=/}t E(H2) BF FRAEZ
BEge] A7 JdHEAFE FAE JA(FR)3t AFAEE B ¥ 29
AREde 7H & ARS Ioh gepAy, T4 FAH S FHEE A9 AF
& A & F Ao

Lo
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Voltage at node Yc [V]

4.6

4.4

4.2

4.0

3.8

—O— 10 pA vs 100 pA
—C— 10 pAvs 1 nA
.......... £ 10 pA vs 10 nA
—37— 10 pA vs 100 nA

T
10 15 20 25 30
Paoasition

I3 13. = Veo] AYRE
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-800.0f

- —— 10 pA vs 100 pA
-------- -~ 10 pA vs 1 nA
-1.0p 10 pA vs 10 nA
] —7— 10 pA vs 100 A
-1.2p
— | O0oooogdogoobonoooopoooooooocooon
E‘_@ -1.4p %%g(:} o o (:)}g%w /
= - \v N C O &v/
5 v Do
S \a 7 A
O -18p- \ /
| V\v v/v
-2.0p -} \vav vy
-2.2p T T ” 1 T T T T T T T T T
0 5 10 15 20 25 30
Paosition
(a)

—{+— 10 pA vs 100 pA

100.0n —O—10pAvs1nA
] \ —— 10 pA vs 10 nA

80.0n v —— 10 pA vs 100 nA
- \
=, 60.0n
% .
¥  40.0n v
)
=
S

Position

(b)

2 14 MpsSh Mp©] AFEE : (a) Mps®] RREE (b) Mo AFEE
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G [mho]

—— 10 pA vs 100 pA
—O— 10 pA vs 1 nA
—37— 10 pA vs 100 nA

100.0n

80.0n

60.0n

40.0n

20.0n

T T T T T T T T T N 1 '
5 10 15 20 25 30

Position

(a)

~—{1— 10 pA vs 100 pA
- 10 pA vs 1 nA

- 10 pA vs 10 nA
—7/— 10 pA vs 100 nA

R

(b)

O¥ 15. R 9 Ge BX : (@ R (b) G
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Diffusion length (L)

-10

—{3— 10 pA vs 100 pA
—C— 10 pA vs 1 nA
—dh- 10 pA vs 10 nA
—57— 10 pA vs 100 nA

T T T { T i ! 1 i 1

10 15 20 25 30

Position

a9 16. #itdo] Lo

i
e
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Z 29 I AAYTS 2 4F34E 143
AAL Feto]l &S HESE 283 WAUESE AAFgRE FEF] 9
fMe A AMAME, FHAE, AFAEY 2ddy By oly), %o
Z8E& WEYY] $3 readoutd 2, Adte HAS AHE decoder, 181
42 AS5E S5 AT TE0)T FHEQ 2 0] et o] J2ES
7%k AN &g 548 A3 208 CMOS AxFH Fo w3}
% 5 glom, 53 7+ 94 2¥ 9] readouts 2o M e Wahs A7kl
T Y SAS gt o] AAFel thE $EA2H §gos AMgd
Azgle] MRS ATEHA Dok A AAS EYEAS 3]
A A AHEE 54 HAo readoutd] 2o} & columng Ff-3 CDS3
25 29 179] Yelth EWA2E MN1# MN39| sourceZ 29 &2 15
ok HA olgolF st rowE AH3y] Y =9 A2 AH4E MN27F A9
H rowe] 8985 ¢7] Y% readoutdy Zolg. MN1o] X3l o)X F2sla,
SRSt ok EYHG Wt avpoln, Y Vil Vadt Vet 442 <)
ARG ZPASE MN39) drain =EAY Vst Ve 2(12), (13)3 2o] A

Vo=Va— V= (Vp+ aVp)i— VP (12)
Ve= Vo= V=Vt aVp)— Vi® (13)
V=V =Va—Vy (14)
Vln.__l MNT
MNZ2
Vrow § V_p_.L._
? T
Coh
e w9 1 Lf
Vstb - Vh A Vot
s _”;,‘f gk _
eSS W_CP_ Chof;
qs>

718 17. Readout 3| =9} CDS 3] &.
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4714 Vst Ve MN1Z MN29| £8gtell, Vet MN39| gate 20|
™, body effect= FAIStQTE Ve AV AFd v#Este wWastA 91 o
Aol Cuol AFET =3 5 W JPAG Vool 9T WY VeE 593
THAGY HIHES I Aol Gadl AZEAT EEAG w3l

g FYY WaFE 7 F AL e A1) 2ol FA0 AAY
& 7 AR e YA A D PAR) A YD FAE AA
71 9 5L S ARE AN Y F Az A8 FHoH FEA

2 FAL AAHL d3te F A5 9 Aojute] EHHE o] dE AAH
of &3t AAMEY &9, & FFE=0 dste £, g5 A5 =
S e readout32E T3 2 AZsta, F Aso AolE FHLEA

= |
)
A0l AAE §ANEE AL + AL Aol

1) J24HA EL Az

=29 A AAVISE /M SF3H1EE AARY EE tolojad ¥ TlE
Ae 219 187 & 1o deigion, 28 199 &3S A4 Aojls

JeER AT A AJ2¥-S 75317 Y3 control signalo]® Alx¥le] F2}
e Ho AAs] o 5 ok 94 5A row 7} decoder ¥ 3 A
¥ ¥ V_ph_sample signalg <217}sle] do] ols] #$d WHHE ANEE sample
and holderol] AstAl =W o] w g 457}t A9 o AAE] &9
o d{Fscl SO Z V. hor enable A3Zo] s AFH cell F AA
resistive networkg& %3 H&3l7} 39 u|, V_hor_sample A58 HE3l7
=9 =, £PANTY 294 39$3t= 2357} sample and holdere] A€t}
NYA AFE T Nz Aot AZHLY 7o) HYHE differential amp
o o) FAAM, of A5t v BAY f%ke] AP FE 2YA5A @
ozt A5 EY Vse ded 2o

i

e

< Row decoderd] ¢z 3+ rowES MHd}7] 93 AFTE AU}t o]
decodere] &¥(V_rowl)o] cell 9] row select ©Aa}tol] 27} )

<> V_ph_sample signal& 2z} columno] F%¢l S/Ho| <I7isly - &¥==
signal& A3}l olm A A A5 E photodetectors] ol & 33t
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<> V_hor_enable signal ¢17}ste] R A& o2 t)x|¥ MOSFETS gate o) 3
Heh biasE U748kl AA celld} AAF ] detect B A3 E B3} o)

<> V_hor_sample signal ©] 2z} column o] Z%< % W= sample and holder
of A7bE I oW F&3 @ Aol A ")

< ZF column o] AFHo Qe AFELS column decoder o] A|o] 4135 2 HE]
Zyzy 38 A 51 differential amp o] 2A7}E o] AFAH F Az 2y} FZH

o] bufferg F3] &%k

O T Rowsl AelE T wiz g,

01604
jonuon

~~

19p03Bp MOY

) Pixel array
%

I

> Op amp

Generator Output
Column decoder buffer}—

Bias

Ty 18 2R AATSE 2 A% 29 doloja1y
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¥ 1. Egto]oj1 U] notation®] 7|5 A4
notation & 715 424
3 A4S sensing dte] o]o] HFete ArH Az= H
Pixel array 9 =
QAT pixel 3 AA st FHA P& A4
Sample and . ) _
F 4ol sFste ®r) 2z ¥ 383 d A5 A%
Holder(S/H) 3 dgel st ] ° o
Op amp. |A%8 A< 45 2Ts)4 2Ushe H2ATY 75 53
Row decoder |pixel 9] row Ao} A& WA
Column decoder| pixel column Ao}
BEgsle s A 3 o) o3 Ase) HEgsidE AT
Control logic |& F&3}d sample and holdersl] A AA3st7] Yst Aoja
T A
Bias generator [Op amp. ¥ pixel o] HQ 3 bias A4

V_rowl

V_hor_enable
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7 EA4ez B &8 AL log Ipha HE S & 4 Utk subthreshold
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29 B& S/HY ASEE Uehd Aolth £3%9 27 2929 B8s
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Selk_ph_bar
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1Y 5% AeTE71 AHEE HEhd Rolth F Az AL SFSI

A FSHEL] A4S Astu glon, Wi o]FR9 AA A peak ¥
o EE 2 Ao 2¥e HuA & o read-out3] 2o A WA
offset& AAY 4 A& AoZ 7gdr)

Aol A FAsk= JETH 2ol +/- Ao FFHeE IMHe #F5E
AASZ Hsl 4d AF A FEF7E AMEstATh A& 42 MOSFET+
common centroid W02 A5t goJolxAl WA= BEAFS o
offsets 7§ A A)71314} 3441t

constant gm bias 3|2 E o] 8&3l3, E# ol guard rings A s oH,
integrated circuitd] Al £ noise EAE FHEFH A capacitive
coupling)oll JsjA] AT, lead7} WASFAY YdstA Aurte FEAA
T2 st 7B 9t node & high impedance leveld] A low level
signal&  EWbshe= Xolgl Aztdch webA, FEZr19 d¥e A= high
impedance®} FZ7]9] gaincll 2l&] AXZE routingA] EF /e JE 39

HEA A st old 9%& Hagstua skl

A2

FE7) AN 28T Ageme A A, AFTE ol 24% @ikl
%% 4
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(2} obd =21 W (analog buffer)

el HF YU R YR E FTEI 15 7 U ARFHEE A
1, 29 pad o dA5E MOSFET9] source 9} drain®] widths ZE3] =LA
stz A AH<Ql 'ESD protection 7152 ZIAEE AASI$T. bias 22
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e A A7ela EHEAS Btk 19 27 2 282 ofd R W ¢

P4
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Yave Syalbol
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G8:20: 3% PST, 2351873062

a9 28 oz wEel BE 2% 54

() 9A8 3 ZH-NAND &) 2] decoder(decoder of NAND-type)

6712l dEA 6479l =8S VA= decoder®2A A layoutd| A&
schematicol] Ho]¥ enable WA= AFR3FR] ¢to ], MOSe L3 WE A=A
3] xdste] stater} #3tE W BAYSE glichE 4 AT HHAY rows}
columne Ae)3}7] 93] shift register ¢ decoder’} %o] AM&-EH=d CCD 9]
mA M eke g2 4o A (random access) AT o] sk, olE
3171 Y3lA decoderd] AL&3l4t). HEE shifter register 9= 28 ck 4139
AZPF Ba g7l W& F& o] Aol analog 32 v]X]= noise 54
= Bol AN & ez AZdd. 1% 29% decoder 7439 MHFEE e
Rolth. 1% 296]A19} o], Zinput NAND gateo] enable ©hatE AL&ste] 7
input 128 &3 9] decoder2¢] &4 w3 gojsitte FHE e

obgza Zzst tAY FRele o Qs WAHE ko|Z2EAE X
2ot Hxd fAdE HdAS ARt ole AddA AL + U=
noise 54 PSR , ground bouncingg 7§43 4 Qe 7|gidn. ojdE
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E0 29 noise AIE Fo|7] 93 guard-ringS decoder FH o 7H&3 g+
ol MiXstal, AelE 7|Ro2 Wy HE noised guard ringoll A A EHE
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19 29. decoder 3] .

6782} inverter’} 6709 wWHHE ™IS E Q3 o|¥A AAHE 12749
A3 7 64712] NAND gate o] 2d3] AZdEo] &0l decoding ¥l NAND
gatee] ZHA HZF FHL inverterdA ¥R 237l £¥€Hy, H=dE
(low activation) &38}l= 3| ZE AL A% inverterE A| A3l NAND gate
8§ 2 AMS 7SI R decoderd] WES AaAZ § Jde AHl A

4

(@) 71=32 oo vm

CDS3 28 7H AR &344F 453 4 AAZISE A3 A%
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MOSFET¢] 2dl dj&tulg Foix EHAGE Jo=2 HsiAA HFsHA 52
Aol HAS 7HAE 13 o olE FAste 16dx JA7A = g 100
pA, 36WA AR E 1 A, 524 JA7ZAE thA] 100pAe] dPe2 F

v
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14 3l Y] CDSHEE 2§34 B2 7159 Az o)A readout
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A0l AAL] FYAG Wsrt Qe 24N 4 AR A9 ws@

N

3

(%

_55_




3
g - /]/; X —— V=0TV
S < , —— V=0 6TV-0.87V
2
15

1
1 4 7 1013 16 19 22 26 28 31 34 37 40 43 46 49 b2

Position

(a)

| M-lmk—-m ~= VAT

¥
528 1 \ — 0 STV0ETV

1
1 4 71013 1619222528 31 34 37 40 43 46 49 B2

Posttien

(b)

fr
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CONTROL L. Column.__,, VISION
S SHL CHIP
(FPGA) s
Pbias-ctrl sfb
P sl INTERFACE | pbias
Nbias-cirl
» BOARD Nbias
Digital output A/D ¢ Analog outoput
CONVERTOR
. D/A » NTSC Tmage dgta
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1-dimensional array

Y 30 AV B BYU 1Y M FaE sz BRE

7h Mrt SlE SFHE 329 F2 99
WA, Mpso] Qo] FIIA] Au B A FFAE dge] MOSFET/ fle 312
9] A 3 29 SAol ouIrtE dotrny] fE MeE AYATIL Z1EAYA F
Z Qs dolrgith 1Y 408 MpZ AN $34% 322 vehd Aok
PDE T3l 22c AR/ Ime Z2 FebA MOSFETE subthreshold <o)
A A Ak webA Ve =29 A buoll tiElA 28] AAE 2
A Ak

Yel
Urn

w
Ly = z_IDO eXp (15)

4714, Wel L& MOSFETS] Ad F3} Zo|, Ine T3] &3 depvE, n
subthreshold  7127] SdolH, Vo= Zgdgold. 4 @159 Ve kst
MOSFET(Mns) 2] gate @2}l AZE o] Qo] MwsE B3l 32 AR Iwsd 7]
g AR "ok Veo| Agdl wlel Moe MOSFETS] A3 2 ¥stgddr &
A8 5 Yok GebA, heedl Tl o9 go] XA 4 Yok

1% 1
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CMOS olu|AaiMel A F&A BAste dARE, HEFRY SR04
o& wgste LAY Fed old Gz Aurt s IFE F

e ouA 1 & A LS Agesd F& FaA & AT o
HeulE 28 7 UEE ST

CMOS olujx AN 7]&e CMOS T3 NA S +

ole =g o|g3la YAt FHE HVAMER wEse AozZH, CMOS o]nA
AA e ANEA FR3A HAXNE AR} F ke dabd B>l s T
H ¥2 AEE VHAEF de Aot

Z gl npg go], B4 CCD(Charge Coupled Device) o]n]AjAlX &=
CMOS olm A Alx e G EWMA]2E(Transistor)ol] €3k 293 (Switching) %
Ao] olust As @_?}(Charge Coupling)ol] JaiA Az & HEdoh 2121,
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stae) sFsta A 9EE e TEYC| 2 =(Photo-diode)E FHRFE =
A 2E3A 23 AN FAAZ] e 2o an ATAGE ¥ Azt
B2 91 5 Y9o] BUE(Sensitivity)7t E1, kolzNoise)E Y F A&
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EBA2HY el o5t BAs S AANA Ran BIHAGA @
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44 @A B BARE Fol A FIAAY ool AW B ol 9
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Aojglort, ol¢} e e ¥ golezg Ay 9t FUHAY A
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7FE AL FREEE Bt X E-old 2 Vg B8 FEAN(Vref)o] &3}
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AN gt ZAl o]z onA] P d4E FaAE 5 Uk =3
Az SFGe] SR d fAlgle]l Y FxAste] AVFHAS W W
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X ME OE FI9I HarE AXE i Aol ALY Felrt
Ashrl werng nyAE Fes FAAA F U AV FFEE H}E‘Oi
o] AojAdsE WA dFEdE G4 g5 shesiA dd. & gl
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Process technology
Pixel pitch/ Fill factor
Array format
Sensitivity

Dark signal
Saturation level
Dynamic range
Chip size
Framerate

Power consumption
Supply voltage
Dark FPN

Readout noise

0.18um 1P4M CMOS

S5.9um /17 %

512 x 384

S50mVilux-s (@550nm, without micro lens)
0.12 Vis (@QR.T.)

400mvV

46dB / 60dB (with / without dark noise)
S5mm x S mm

24 fps

40mw (excluding /O and off-chip DAC)
1.8V (core) / 3.3V (I/O)

700pV(rms) (excluding 2mV{(rms) dark FPN)
390pV(rms) (excluding 300uV{rms) dark shot
noise)
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