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Abstract

Which imaging device survives in the current fast-growing
and competitive market, CCD imagers or CMOS imagers?
Although this question is still argued among experts, the con-
clusion has not come out yet. In recent years, the power bal-
ance of CCD imagers and CMOS imagers has been chang-
ing quickly every two years. Now, CMOS image sensors
challenge to take the market of CCDs again. In this paper,
| introduce the state-of-the-art technologies of CMOS image
sensors behind the present trend of the image sensor market.
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Fig. 1. Trend of the world-wide image sensor products [1].
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(c) CCD operation

horizontal CCD transfer

(b) Interline transfer CCD
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(a) Photodiode CMOS APS

Fig. 4. Basic structures of CMOS APS.
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(b) Floating gate CMOS APS

(a) before 2001 (b) after 2002
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Fig. 5. Comparison between CCD imager and CMOS im-

ager: (a) before 2001, (b) after 2002 [5].

Fig. 2. Basic structure and operation of CCD image sensor.
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Fig. 3. Passive and active CMOS image sensors.
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Fig. 6. Pixel pitch of CCD and CMOS APS [5, 7].
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Fig. 7. 2.8um-pitch pixel layout: (a) CMOS APS, (b) CCD.
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future prospects
1980 1983 1986 1989 1992 1995 | 1998 2001 2004 2007 2010
Minumum lithographic
foature 126 Q) 2 15 10 07 05 035|025 018 013 01 007
CMOS imager 5 5 5 5
pixel size (m) 40 28 20 14 10 7 5 (35 (245 (1.72) (1.2)
Fill factor (%) 25 25 25 25 25 25 | 25 (33 8% 8L 3%
Fig. 8. Future prospects at 1996 [8].
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Fig. 10. Dynamic range and signal-to-noise ratio as a func-

tion of pixel size [9].
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Fig. 11. AverageAE versus pixel size as technology scales

(estimated at 2000) [9].
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Fig. 13. Sensing scheme and photodiode structure of X3

[14].
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(a) conventional structure (b) new structure
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Fig. 15. 2.8um-pitch pixel layout: (a) the conventional struc-

ture (see Fig.7(a)), (b) a new structure.
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(a) reference level detection  (b) signal level detection (c) timing diagram

Fig. 18. Readout operation diagram [19, 21].

(a) structure diagram

1sl metal layer ' 2nd metal layer

Transfer gale_ = Poly silicon | g

P- Capacitance P-

Odd column Even column

(b) potential diagram
High electric field Low electric field

Potential

1
Cha
fstorg%qe Charge collection
L 1 1 L.
0 0.5 G "

Fig. 19. Device structure [19, 21].
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Fig. 20. Potential diagram of a readout part [19, 21].
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Fig. 21. Chip microphotograph and sample image [19, 21].

Table 1.Chip specifications [19].
Pixel size 2.25mx 2.25um
Optical format 14 inch
The number of pixels 1616 (H 1217 (V)=2 M
Transistors per pixel 1.75

Fill factor 25 %

Saturation 5000 electrons
Sensitivity 3800 electroix-s
Frame rate 15 framés
Image lag No image lag

Power supply voltage 2.5V

6 \\
5 CMOS APS
£ N AN
54 \g ~
o N~
[3] "~..
= N R
f— 3 ﬁ.noum ~ =
[0) T~ L0 ~_
E Target \ \n‘ew CMOS"A'F’S
5 -2, 2.250im
1
Q & v %) » » © A
O \) QO O O QO O \)
’19 ’19 ’19 ’19 '19 ’19 ’19 '19 Year

Fig. 22. Leading-edge trend of pixel pitch of CCD and
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Table 2.Comparison among the latest and scheduled products of CCD and CMOS imagers [7].

Types Pixelreso. Pixel pitch Min. lux. Power Commercial production

Matsushita CMOS 2M 2.8m 51Ix (7.5 fps) 29V Mar. 2004

Sony CMOS 2M 2.9im 51x (15 fps) 2718V 3rd Qtr of 2004
Toshiba CMOS 13M 3.2m 5Ix 2915V 2nd Qtr of 2004
Renesas Tech. CMOS 1.3M b — 2.851.85V 3rd Qtr of 2004
Micron Tech. | CMOS 1.3M 3.am 31x 25~31V Now available

“Sony T[T CCb 13 312nm  5Ix(15fps) 1287365V T Mar. 2003

Sharp CCD 2M 3.2m 2 Ix (5 fps) 15~ -8V Dec. 2003

Sanyo CCD 1M 2.fim — 29V Aug. 2004

Fuji Film CCD 1M — 21x 3.2~55V Oct. 2003
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