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CCD  Exceeding Film Quality

1969 AT&T Bell Lab.

1972 8x8

"We have to produce a camera using CCDs at a price under 50,000 yen 
within five years. We're not competing against other electronics 
manufacturers in this field. Our competition is Eastman Kodak."
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CCD  First Application

1980 Jumbo Jet camera

Small form factor
Vibration tolerance
No heat-up required
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Accumulated shipment(line graph) :   left axis

Single-year shipment(bar graph)    : right axis

＊Single-year shipment qty is not disclosed.

Video camera market 

Security camera market 

Digital camera market 

Expansion of the mobile market

Increase in demand for CMOS image sensors due to mobile market growth Cumulative shipments reached 20 bln pcs as of Dec. 2024

Sony Semiconductor Solutions Group’s image sensor’s shipment trends
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CMOS Image Sensor

D. Renshaw, et al., "ASIC image sensors," Proc. IEEE Proc. ISCA, pp.3038-3041, 1990 K. Chen, et al., “PASIC: A Processor-A/D converter-Sensor Integrated Circuit,” 

Proc. IEEE ISCAS, 3, pp. 1705-1708, 1990

Motivation
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Active Pixel Sensor

T. Nakamura et al., “Active Pixel Image Sensors: Recent Development of the CMD”, 

Tech Dig Int’l Symposium on Advanced Image-Acquisition Technology, pp.70-79, 1991 

E. R. Fossum, “Active pixel sensors: Are CCD’s Dinocaurs?,” Proc. SPIE, Vol 1900, pp.2-14, 1993.

Motivation
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Advantage against CCD

T. Nakamura et al., “Present Status and Future Prospects of CMD Image Sensor, 

OPTOELECTRONICS, pp.261-277, 1991 

Motivation



Security C - TSMC Secret
2025.6.49/22 Copyright 2025 Sony Semiconductor Solutions Corporatation

Exceeding Human Vision

Motivation
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Robot, PDA, Cellular phone : 100k-300k pixel

5Tr Sequential readout : FPN free

Analog output : Utilize CCD-based camera system

DRSCAN: Dot sequential Readout System with Current Amplified signal output Noise reduction circuit

K. Yonemoto et al., “A CMOS Image Sensor with a Simple Fixed-Pattern-Noise-Reduction Technology and a Hole Accumulation Diode,” 

IEEE J. Solid-State Circuits, Vol. 35, No. 12, Dec. 2000.

Readout  DRSCAN
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Camcorder : Low power & High-speed readout (parallel readout) 

= Low heat generation to avoid Low-temperature burn

DSLR : Low power & High-speed readout = Large format

Analog output : Utilize CCD-based camera system

A/D   

Readout  Column CDS
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Readout  Column QV

Mobile application

Compact camera system : On-chip ADC

Digital Signal Processing

A/D
BufMux

10
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Readout  Column QV  FPN cancel

FPN +/- 6 LSB

Image Sensor Array

Vertical

Shift

Register
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A/D converter

Digital PGA

Fixed pattern

cancel circuit

Fine clamp

Digital output

Coarse clamp

FPN +/- 0.5 LSB
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Pixel Block

(3.45 m pitch)

T. Haruta et al., “A 1/3.2 Type 1.28M pixel Low Power Consumption CMOS Image Sensor For Mobile Application,” 

ITE Technical Report Vol. 28, No. 72, pp. 5-8, Nov. 2004.
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Readout  Column ADC  Analog & Digital CDS

HD High Speed Camera

Small die size

Y. Nitta et al., “High-speed digital double sampling with analog CDS on low-noise active pixel sensor,” 

ISSCC Dig. Tech. Papers, pp500-502, 2006.
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Readout  Column ADC  Hybrid Camera

Hybrid Camera (Still and Movie)

Y. Yoshihara et al., “A 1/1.8-inch 6.4Mpixel 60 frames/s CMOS image sensor with seamless mode change,” 

IEEE J. Solid-State Circuits, Vol. 41, No. 12, pp. 2998-3006, 2006.



Security C - TSMC Secret
2025.6.416/22 Copyright 2025 Sony Semiconductor Solutions Corporatation

Pixel Technology   Light pipe

Mobile Application

Angular response

Cu wiring

R. Fontaine, “Trends in Consumer CMOS Image Sensor Manufacturing,” 

Proc. Int. Image Sensor Workshop, June 2009.
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Pixel Technology   Back Illuminated Sensor

Camcorder : High Sensitivity

DSC : Small Pixel

Mobile : High Image Quality 

S. Iwabuchi et al., “A Back-Illuminated High-Sensitivity Small-Pixel 

Color CMOS Image Sensor with Flexible Layout of Metal Wiring,” 

IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, pp. 302-303, Feb. 2006.

H. Wakabayashi et al., “A 1/2.3-inch 10.3Mpixel 50frams/s Back-Illuminated CMOS Image Sensor,” 

IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, pp. 410-412, Feb. 2010.
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Back Illuminated Sensor    First Product
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Back Illuminated Sensor    Stacked Structure

Mobile : Additional Functionality

Small Die size

Process optimization

Production capacity

H. Wakabayashi et al., “A 1/2.3-inch 10.3Mpixel 50frams/s Back-Illuminated CMOS 

Image Sensor,” IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, pp. 410-412, 

Feb. 2010.

S. Sukegawa et al., “A 1/4-inch 8Mpixel back-illuminated stacked CMOS image sensor,” 

IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, pp. 484-485, Feb. 2013.
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Back Illuminated Sensor    3 Stacked Structure

Mobile : Super High-Speed Readout

I/F limitation 

T. Haruta et al., “A 1.2.3inch 20Mpixel 3-Layer Stacked CMOS Image Sensor with DRAM,”

IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, pp. 76-78, Feb. 2017.

S. Sukegawa et al., “A 1/4-inch 8Mpixel back-illuminated stacked CMOS image sensor,” 

IEEE Int. Solid-State Circuits Conf. Dig. Tech. Papers, pp. 484-485, Feb. 2013.
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Conclusion

Evolution of the Readout architecture 

Functional parallelization

Evolution of the Pixel / Structure

Process and production parallelization

Each evolution followed application demands

or

Each evolution accelerates application markets
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