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Dynamic range improvement of active pixel sensor using
charge pump circuit

Kyoung-Do Kim, Sang-Ho Seo, Min-Woong Seo, and Jang-Kyoo Shin’

Abstract

Wide dynamic range active pixel sensor(APS) using a charge pump circuit has been designed by using 2-poly 4-metal
0.35 pm standard CMOS technology. The structure of the proposed APS is similar to the structure of the conventional
3-Tr APS. The proposed unit pixel consists of one photodiode and three MOSFETs. Using a charge pump circuit, the
dynamic range of the proposed APS is increased, compared to the conventional 3-Tr APS.
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Fig. 1. Schematic of the conventional 3-Tr APS.

Unit pixel

)

OB 2. 2 Aollx AR APS (a) 2%, (b) #|0)ohs-
Fig. 2. Proposed APS (a) schematic, (b) layout.

T8 32 AIQkeE APSY] T HAlol] ARE-EE Ao]
AZEZR () FA 2l 2E, (b Vo TA

-115-

w

;V're_setm[Vj

—

Ve [V]

=3

' " @ '
' RO '

w

Vselect [V]

o

80.0 10004 12002 1400 4
Time [sec]
(c)
:-all=l 3. %‘?’] -‘:ﬂ_l/%]?,] ZﬂO{/I\Ji (a) Vreseta (b) Vpulses (C)Vselecl
Fig. 3. Control signal of unit pixel (8) Vreser (0) Vpuises
(C)Vselecl~

-
I3
®
8
=
®

A7¥ehe FE I A%, (ofs HAS AMEE] 93 A
solrh. Al Azt e Ase Yl 3-Tr APS
o AH8E= A58} Fdahy, I} AT = AQdet
3 Z9|A charge pumpingS $8 AFE-ShE Alo] 41
o]},

2 AFA AbgE APSY 71 T2 dEle v
3 7}, AlQket APSe] 9] Hado) 1§ 33} 72 A
oAl T E QA7F5HH reset B F Nipd A 28 A~
FE7)9] Alo|Eg} =H A Alo]e] ATMAIE Cepoll ¢
3| charge pumping!*”1=o] 2¥FAQ 3-Tr APS9] reset
AT AR FolRlet Abst APSY reset ZF Ny
AQto] AvkA el 3.Tr APSY] reset A5 AW} &
oA = dEe 19 49 19 58 B3 4A AR E
4 9t} 719 4% charge pumping Al A35}2] o] F&
e Aelxr, 218 5% charge pumping A N, &
2 $-2 WslE veld Aot

VouseZF 7158 AHGND) 717F 5<% N2l A2

AFEC] Cop® Nyl 718 ANAE Cuing
ZHE Vet Vo H8HAA Copdll 52 = 0]
A HFEL Cun= WRAA =3, L H3} Ny
2 7129 reset A (Vi) BT FOFITE 2

= 30
<,

lo

N
N

= 4391 oI, A4 (O Vpu} Vo BE T,
charge pumping & F2| Copt Cnin®l B3 Folth.
Q| Gkl ot Astel WMstrt glvk 71 sk
charge pumping %0l Cept Cin®ll 28 F3 3}

J. Kor. Sensors Soc., Vol. 17, No. 2, 2008



30 AAE - AT -

VNint =V eset
:.::}m c ' .2;].:::.
______ P e Trs CGD
I I Va = GND
(a)

+
+

Cov
I o = Vo

2% 4. Charge pumping A] A 5]-«] SIS

(a) charge pumpmg (b) charge pumping ¥
Fig. 4. At charge pumping, moving of the charge
(a) before charge pumping, (b) after charge pumping.
g gonz 2 (1)} (225 charge pumping ¥
9] Nl A 78l 29 4 3)3 2k

Q (CNint+ CGD) X I/rzset (1)
O'= CriwX V reset Cop( V' reser— Vo) @
CopxVpp
Veser = Vigsat ===
" Com* Con @

2 (3P4 & 4= U%0] charge pumping2- 3024

GND Cen Cun Reset Vi [
3
: g
; g
i o
i g
| 5
VTEBET E %
|
(a) S
GND— Cep Crnr Reset Vi
o]
o
Iy
2.
<)
<
Veess =
V'eeser ‘
(b)
3% 5. Charge pumping A| 143} AA wee] Ay SB

(a) charge pumplng 4, (b) charge pumping ¥
Fig. 5. At charge pumping, potentlal well of the integra-
tion node
(a) before charge pumping, (b) after charge pumping.

AX 3= A174 A23, 2008

Cop Cun Reset Vi

GND
d

&

3

g

=

Vs !

(a)

GND—-- ., Cu Reset Voo |
: g

‘ g

| g

| 5

V. : =

I8 6. st F3
(2) A3} FA 7178, (b) reset 717
Fig. 6. Potential well of the integration node
(a) during integration, (b) during reset.

=9 49 98

Npel o] CoXlon e zopaprey.

Nmt+ GD

Charge pumping ¥ 37 Z 7oA We| A|7]e] H]H
3] AAE A3TE Cup®ll 2AEH Np®] A2 &
oFzIt} Nip@l HSto] WolAle £ Yol Al7ld] v

#Ft o] o) N J9 5 HalE 29 6 (@ Y
BRIt

o] Al7)el vEste violdl Ni,dl Ag2 3% =

9 S27I(M)oF G A 29X (M)E HA &Y
Hoh Ni®] Ao 28d & N,mt reset 21 5] ]3]
Vs TesetS ™, 13 6 (b)e} 722 A 52 ¥3}
E YeRd. o9 e 5358 %ﬁﬂ B AoA] Aot
3 APSE dWHEQ) 3-Tr APSET} 3 M7 o |
oAl A}

3. Zoliy 3 & Z=t

I 72 Cqp® Z719] WE charge pumpingS &
443 ¢ AHREHN 28 (@ Ceppdl 719 ®E
Nl Aol 1L, 28 (b Cop®t Crnedl AU =
710l whE Ni?l At S7H ek 28 ()¢ (b)
A & = Y=ol Copel 717 715l Wet Nyl
AE A% FHsth 28y 2" (b)9k A (3)elA
& T Aol Cop®l 7] TVl & N, ASH F
7he @A oA ®atH, 4 Cpdl 717 ALTE

-116 -



Charge Pump 3|25 o8-8 55 A A 53} ¥ AA 31

36 Ao ——3pf

e 50 PUIPINE

3.2 4

Viine [V]

I
=
.

204
50.0m 1000m  1500m  2000m  2500m
Time [sec]
()
25 -
20 4
=
ol & 1.5 4
[}
210
+
&l 10
=
3|3
05 -
00 . , . .
00 05 10 15 20
Can/Cr

b)

2| 7. Charge pump] F2]28 Az}
_ (@) Ninl A%, (b) Cop®l Z7HT TE Vi
Fig. 7. Simulation result of charge pump

(a) voltage of Ny, (b) Vi as increase of Cgp.

charge pumping Al N;, @] 2t F7h= #elrlE A &=
 RodFogRE & 4 it
1y 88 AWk <l 3-Tr APSY] ROAE A EHN

34

2 4

Light
1 \ /A increase

0

Viine [V]

(a)
1.6-
;; 1.2
o8 Light
>€ fincrease
0.4
B
0.0
50 160 150 200 250
Time [msec]
b)

% 8. UNHAER] 3-Tr APSS| =o|dd A
(a) Nmt"l L_?d}; (b) ZQ ;\(jc%ﬂ}
Fig. 8. Simulation resuit of conventional 3-Tr APS
(a) voltage of Ny, (b) Vour

-117 -

ST —
'S’ 2
— 3 ight
£ 14 \‘\ A increase
= N
>
. A\
(@
15
510 _
Light
g 05 increase
= 0
B
OVO T !
50 100 R 150 200 250
Time [msec]
)]

3% 9. Akt APSSY] Rl g A
(a) Nimg’] %j?ﬂ‘— (b) Vout‘o’] ;ﬂ%}—
Fig. 9. Simulation result of the proposed APS
(a) voltage of Niy, (b) Vour

@ N2l Adeli, by &8 dgolth 28 89
A -@“O]@} T A50] reset 25 NmS oF 2.5 VE reset
o], o] % dlof| ofsf YA BT o N,o A
A7 &8 A2 HelFnh N H Aol 2% =
SE718 BYAYET Wol= AAFAA &8 A
2 E3p7) Aoy, o] mo] 8 MY 19 (b)
o EAE B AHo[).

29 9= B Aol AQHe APSS] RojHd A
24 (@7 Ny A%, (b= &9 dAgelth

79 99 (a)oll Al Ni©ll charge pumping®] =& Ny
o] Agte] 7159 reset 25 HSFET; oF 025V Fof
A= AL el 2= glrk w3t 18 83} 99 ¥}
= Ho] A71E Blas] By 2 ApdlA] A Qksk APS
7} charge pumping®l &3 N, At {947} gl

Ir

344

324 -

3.04

28+

26+

VNinl [V]

Bz

244

2.2

26

400 2008 00 20.00 40.0p
Time [sec]

T8l 10. Charge pump 3|29 &4 A}
Fig. 10. Measurement result of the charge pump circuit.

J. Kor. Sensors Soc., Vol. 17, No. 2, 2008



32 AR -

o2 YNAQl 3-Tr APSETE 3l = e} Al7|7t
F7Fe RS 3Rl & 4 i)

29 102 A APSOlA Cpdl A7 wWE
charge pumping 9] Ny,® A4S &3 234= 2
H 79 (a) BAAY Ao} YA e AL Folg
AT}

a9 113 2% £9 At &4 Aol 219
112 ddbd < 3-Tr APSS] 23 Aoy, 28 12&
£ AFollA] AFE APSS] 3 Atoin). 24 A3}
£ E3] gutz el 3-Tr APSE 2k 114,000 luxo 4] 5-€]
=9 Agol TotE = AE FAF 4 9o, 793
APSE 9F 125,000 luxollA] 23 Agto] E3lE = 2S
1 4= Qi) meojAd ol BH1sk Aa} 7ho] A|QH
g+ APS9] reset A5 Ny, ko] charge pumpingol] 2]
3 dubE el 3-Tr APS9] reset A% N, A¢ET}) oF

-~ dark
—— 34,500 lux
1.6+ ~&— 50,000 lux
e e . ] == 77,000 lux
144 o == 114,000 lux
~+— 125,000 lux
124
1.0+
E 0.8+
E]
5 064
>
0.4
024
0 .‘ " ‘,,A — . “
0.2 T T T )
~100,0m 50.0m L 1] 50.0m 100.0m

Time [secl]

J7 1. 493 3-Tr APSS] 24 A5
Fig. 11. Measurement result of conventional 3-Tr APS.

—»— dark

~—a— 34,500 lux

~+— 50,000 lux

BB i ] 771000 Tux
SRR e e s RE— 7| =~ 114,000 tux

16 o e i e fs s | = 125,000 luy

124 B
104
o‘g_“’,;,,,. -

v,, V]

06 o
044
0.2 4 .
0.0

0.2 T T T J
~100.0m -50.0m 00 50.0m 100.0m

Time [sec]

38 12, ARk APSS] 24 A3}
Fig. 12. Measurement result of the proposed APS.

AX 3R] A 1778 A|235, 2008

NS - AR - AR

025V 4soZn & sk A4 oF 025V F7het
e FAT ¢ Aok 2 A B AFAA At

1 3-Tr APSHT} T 78 Woflx] x3}7t
=™, o] Atk APSS] F2 LVt FHskAthE
A& owght.

AT APSS| RO B A AFE T Lt
el 3-Tr APS) charge pump 3| ZZ& AMHE-31H reset
A F Ny Aol 371381 o] W 54 HHE 71X
= CMOS °o|9jA] AME 8T 5 AUt
4. & =

(==

B Ao M= charge pump 3|25 o)L E3} 9

g N8 APSE A|SkatATt A QTEF APSE L
H9l 3Ty APSS AT Fxoln, FE 22 FE

7]
=g o It ertE e o) EAoln) 18a
Cops ©)83lo] duEAQ) 3-Tr APSS TUI Y A
AL AHEEIIE W A 9k3E APSE A5 HAE w29
Hd & A W97t SRR & AFA= A
otk 2o tis) B dFE F F, 2-poly 4-
metal 0.35 pm EF CMOS 342 53 FH& A &3
I 2 EAE ZAENY 24 43 dutFel 3Ty
APSE 114,000 uxol| A &3 H ko] E3}= = wHA,
E ool A] A)gkel APSE 125,000 luxoll 4] &8 =9
o] 235}, o] ZHE] B A7 A ALIE} charge
pump 3 22 AF&3 APS7} YukE ¢l 3-Tr APSETH
FTAESVE O Uk Ag BRI Yo, B
AFo A A|¢HgE charge pump 3] 2 2183k APSE
53 ¢ W2 53 HYE 7= CMOS o]HA] AllA
2 78 4 Aok

#Artel 2

E A+ BK213 IDEC(Integrated circuit Design
Education Center)?] X922 3= A5}

i)

2

i
rok

[1] M. Bigas, E. Cabruja, J. Forest, and J. Salvi,
“Review of CMOS image sensors”, Microelectron-
ics, vol. 37, pp. 433-451, 2006. ,

[2] S. H. Seo, J. H. Park, J. K. Lee, 1. S. Wang, J. K.
Shin, Y. C. Jo, and H. Kim, “Characteristics of a
PMOSFET photodetector for highly-sensitive active
pixel sensor”, J. Kor. Sensors Soc., vol. 12, no. 4,

-118 -



Charge Pump 3] 2 & o] 23 5%

pp. 149-155, 2003.

[3] H-J Yoon, J-H Park, S-H Seo, S-H Lee, M-Y Do,
P. Choi, and J-K Shin, “A CMOS active pixel sen-
sor with embedded electronic shutter and A/D con-
verter”, J. Kor. Sensors Soc., vol. 14, no. 4, pp. 272-
2717, 2005.

[4] J. S. Brugler and P. G. Jespers, “Charge pumping in
MOS devices”, IEEE Trans. Elect. Dev., vol. ED-
16, no. 3, pp. 297-302, 1969.

[S] V. Prabhakar, T. Brozek, Y.D. Chan, and C. R.
Viswanathan, “LDD charge pumping - direct mea-

B9 A B 89 A 33

surement of interface states in the overlap region”,
IEDM, pp. 45-48, Dec. 1995.

f6] J. F. Dickson, “On-chip high-voltage generation in
NMOS integrated circuits using an improved volt-
age multiplier technique”, [EEE J. Solid-State Cir-
cuits, vol. SC-11, pp. 374-378, June 1976.

[7] Y-Y Chai, and E-H Jung, “Design of charge pump
circuit for analog memory with single poly structure
in sensor processing using neural networks”, J. Kor.
Sensors Soc., vol. 12, no. 1, pp. 51-56, 2003.

3=

- 2006 AZTiskm A7 PEE S
= icg (J_s»\})
@ BEYsE gl Az A
e

FHAESF ¢ CMOS image sensor,
analog circuit design

NS

«2007d BTS00 7] e S
Z (_.‘UP}\].)

@ Zuohst ekl AAEn A
24
FHARE
charge pump

CMOS image sensor,

-119-

R

fou

- QXSS A A12W AT, pl49 Fx
- 8x] ABUstw sk AxZEkE 9l

N

Mﬂ*if—fk A A3E AE, p26 F=2

- A ARdsE AARAFE S

J. Kor. Sensors Soc., Vol. 17, No. 2, 2008



