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Modeling and HSPICE analysis of the CMOS image sensor pixel with
the complementary signal path
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Abstract

In this paper, a circuit analysis of the complementary CMOS active pixel and readout circuit is carried out.
Complementary pixel structure which is different from conventional 3TR APS structure is consist of photo diode, reset
PMOS, several NMOSs and PMOSs sets for complementary signals. Photo diode is modelled with Medici device program.
HSPICE was used to analyze the variation of the signal feature depending on light intensity using 0.5 pm standard CMOS
process. Simulation results show that the output signal range is from 0.8 V to 4.5 V. This signal range increased 135 %
output dynamic range compared to conventional 3TR pixel in the condition of 5V power supply.
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;/* Photodiode Model blocking for n+/Pwell diode

//* A = Anode
//* C = Cathode

//* RS =27.45 from npn RE

//* No filter : 1.0 for D65 outside
//* N+/Pwell Diode

//* areaPD : (m*m,

subckt kepd A C P
parameters

+ pdw=le-6

+ pdl=le-6

+ filter=1.0

+ areaPD= pdw*pdl
+ PConvertl=154e+3
+ PDIS = 1.1e-4

+ PDISR = 4.1e-5
+ PDCJ0 = 0.68%-3

model Dphoto diode

+ level=1

+ is=PDIS rs=60 ¢j=PDCJ0 mj=.358
+ vi=7 nr=1.6137

DPD ( A C ) Dphoto area=areaPD

ends kepd

//% P = (light)Power (in Watts/cm"2) as voltage input
//% P = le-6 w/cm™2 : 154e-15A/um™2 from 2D sim

//% Ci0=0.680fF/m"2 for N+/p-well from MOS CJ

//* Junction leakage assimed 1.1le-16A/m™2 from npn ISE

//* Diode models dark (leakage) current, forward current, capacitance and timing

//* Controlled current source outputs input power multiplied by sensitivity "M
GPD (C A) ( P gnd) vees gm=filterxareaPD+PConvert]
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Fig. 1. Modeling of the photo diode for a circuit simula-
tion according to the light intensity.
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Fig. 2. Mesh structure of the photo diode example for a
device modeling using Medici program.
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Fig. 4. Proposed complementary CMOS image sensor
pixel circuit.
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Fig. 6. Simulation result of the node voltage in the photo diode according to the various light intensity.

0000 M/em®

a2 7.4 A717E 10000 pWiem® 9 7-5-9l ¥Erhe] 9= At (Photo V) 54 2%

Fig. 7. Node voltage of the photo diode in case of the high intensity(10000 uW/em?).
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Table 1. Results of the HSPICE Simulation about the Complementary Pixel Readout Circuit

g = 23 spec A ¥ keaa
s AN 7R A A 10 10 uW/em?
= % AN 7R 2 3 A7) 10000 20000 puW/em?
Zo] Zuss ol 0.35~0.9 0.35~0.9 W
22 ZEAY 33~5.5 5 v
21 FFen ~15~65 ~40~50 °C
BIF Reset 7] 3]&3 Min~max 3~5000 Hz
A3 Reset Pulse Wi .
1%711 ae;;] se Width Min~max 0.01~1000 us
B4 Reset Pulse Falling / Rising time 0.001/0.001 0.001/0.001 ps/us
éjEt,“ Pulse 57) 143 Min ~max 50~33000 Hz
%111 Pulse Width]-&x) Min~max 1~10000 us
Kubd . S
=,y  Falling/ Rising time 0.601/0.001 0.001/0.001 ps/us
")m7]  Pulse Z7] L4 Min~max 1~400000 Hz
H71 Pulse Widthd]&3| Min ~max 1~10600 us
54 Falling / Rising time 0.001/0.001 0.001/0.001 ps/us
%9 Max Voltage >Vdsatn 4.5 A
54 Min Voltage <Vdsatp 08 v

E 9o 3= ﬂmﬂ 9 2913 2830 Source-

Follower (S&F) @2 &

CMOS o]ujz] AlAf % fﬂi HAEIEE 05um ¥F
(o]

CMOS F4 & o83t dAsI e, Agtd %E%
ojm =] WH A& 29 0% At Aagksd I

kel Mol 08 V~4s5Velr, 2& oA -‘*ﬂﬂ-l
3TR 7xeIM9 #F 29 A3 2 1.

3RS W, SPICE R oj 4 q Aol 1 HE 0} E
g Hdrxee FY9 dync, 28 9 A 1
A Hoh 2 At 29 (135% 27hE /g esn Al
% AZo] &ol3hH, Bt} & Dynamic RangeS 7H
= AL ok 2= g

HAle| 2
£ =8& IDEC (IC Demgn Education Center)2]
CAD TOOL A9 0 & o]foiHE U},
&7 2

—

{1] E. R. Fossum, “CMOS image sensors, electronic
camera on a chip.”, in IDEM Tech. Dig., 1995, pp.
17-25.

[2] H. 8. Wong, “CMOS image sensors-recent advan-

_51—

tage and device seailing considerations”, in IDEM
Tech. Dig., 1997, pp. 201-204.

[3] C. Xu, W. Zhang, and M.Chan, “A low voltage
hybrid bulk/SOI CMOS active pixel image sensor”,
IEEE J. Solid-State Circuit, vol. 22, pp. 248-250,
2001.

[4] Peter Alan Levine, “Extended dynamic range image
sensor system”, US. Patent 6, 040, 570, Mar, 2000.

[5] B.S. Carlson, “Comparison of modermn CCD and
CMOS image sensor technologies and system for
low resolution imaging”, Sensors. Proc. of IEEE,
vol. 1, 12-14, pp. 171-176, June 2002.

[6] Silvano Dontani, “Photodetectors : devices, circuit,
and applications”, Prentice Hall PTR, 2000.

[7] B. Ackland and A.Dickinson, “Camera on a chip”,
Solid-State Circuit Conf,, 1996. Digest of Technical
Papers. 43 rd ISSCC., 1996 IEEE International, 8-
10, 22-25, 412, Feb 1996.

[8] Chen Xu, Weiquan Zbang, Wing-Hung Ki, and
Mansun Chan, “A 1.0-V VDD CMOS active-pixel
sensor with complementary pixel architecture and
pulsewidth modulation fabricated with a 0.25-um
CMOS process”, IEEE J. Solid-State Circuilts, vol.
37, no. 12, December 2002.

[9] Y-S Shin, S-H Seo, M-Y De, J-Ky Shig, I-H Park,
and Hoon Kim, “Fabrication of silicon nano-wire
MOSFET photodetector for high-sensitivity image

J. Sensors Soc., Vol. 17, No. 1, 2008



52

Kl

i)

sensor”, J. Korean Sensors Society, vol. 15, no. 1, pp.

s
o
2
Ho
ol
ol
Fo
I
jol

N

A
IR

«1981d 7€ 264 A

+2005d  129~2006d 19 University
of Florida

+2007d 28 A Lo
Fh

#2007 39 AR gk Wi A
25 Faa A &

Y E

19829 102 164 A

#2005 8¢ ANl FF3FE A

+20054 99 UAIHERL HEH VAl
93t AT F

7l = m|
nR o =

219673 24 109 A

<1918 249 et Al skt
FsHh

1993 8¥ Ay tishel AAFst
H@FEA

+ 19943 19~20003 109 Slold
daT4d

+20003 102~2003 8Y cthiel= A
a4

20043 64 ~3A) SH-3lE] AAA7Y

x

A
S

ok

FE

L .19639 39 259 A
© 19864 29 SISk FAFSIEHEEAD
« 1988 29 dlehgishy oisky xzs)

HFEAAD
+20004 828 sk tiskd AxlEst
IHFEHERR
<1988 1€ ~19943 29 FALHYEE
AdATd

1994 39 ~2004d 29 FAUE AR
ARy g

+2001d 32-~2002d 2% University of
Florida ®W&#A7¢

220044 3¥ A AN LhegeRt

a5

AX B A A17d A 13, 2008 -52-

I

+1983d 104 31 A
+2002d 39 QAANEE g - ATt

=
-3

=S|

+ 19803 6% 24 A
+20063 29 A %%i‘a%(“—f}*})

- +2006d 3 AT R e

dEok A% %

ol M &

+19693 68 22 A

+1993d 29 Fddistn FrIAEFSH
F8Ah

+1995 84 Univ. of Florida #5338}
FHFIAD

+1997d 129 Univ. of Florida A 8338}

e

+ 199413 ~1997'd Univ. of Florida, Re-
search Assistant

+1997'3~1997'd Sandia National Lab-
oratory of USA, Contracted Engineer

+ 19983 ~2000'd Unaxis, Inc. USA. Se-
nior Process R&D Engineer

+20000d 39 ~3A) AR ey st

B H s
g



