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Abstract

This paper has proposed a new technology to enhance the dynamic range of the CIS (CMOS image
sensor) based on the method of segmented exposure. Besides the principle of the dynamic range en-
hancement and the circuit system based on 5T pixel has been introduced. A chip including the HDR
(high dynamic range) design has been taped out and tested based on the HLMC 55 nm technology. It
has been demonstrated that the sensitivity range has been expanded 12.57 times, which means that
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the dynamic range has been improved 21.99 dB.
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Figure 1. Basic architecture of CMOS image sensor
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Figure 2. Basic structure of 5T pixel
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Figure 3. Basic structure of 5T pixel
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Figure 4. Schematic diagram of barrier change in segmented exposure
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Figure 5. Schematic diagram of barrier change in segmented exposure
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Figure 6. Schematic diagram of pixel signal change in segmented exposure
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Figure 7. Relationship between exposure signal and segment voltage value
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Figure 8. Relationship between exposure signal and segment voltage value
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Figure 9. Relationship between dynamic range expansion and segment exposure time
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B 10. ERRAERIIL

DOI: 10.12677/jsta.2025.135077 798 R BRER AR 5 N H


https://doi.org/10.12677/jsta.2025.135077

w5 %

TEAH R B TR S 0 R, A CIS A1 =B HDR CIS R A MG T Ebin P 10 frs. M
FRR] LA B(b)EEA K () Pl B R, B B ) UG 4 th e B B oK.

5. &t

MY CMOS BB AL KA AIHEA R, SR T —Fdk T2 BUBOL I8 5580 AV 19 CMOS K5 4%
A VORI 22 AR (AN B AR AL P A1 L 4 T PO 1 S SR s AV BB R BE, it 18T ST 23
TRV E RGHESE, FET HLMC 55 nm CMOS L2581 mshZ5 i Fl ) R AL a8 it 78
M & B 78NS, SASHIEEY R T 21.99 dB, Bk T sh 26 H EUG AL R3S 1) g R .

SE

[1] Yadid-Pecht, O. and Fossum, E.R. (1997) Wide Intrascene Dynamic Range CMOS APS Using Dual Sampling. /EEE
Transactions on Electron Devices, 44, 1721-1723. https://ieeexplore.ieee.org/document/628828

[2] Egawa, Y., Koike, H., Okamoto, R., ef al. (2006) A 1/2.5 Inch 5.2Mpixel, 96dB Dynamic Range CMOS Image Sensor
with Fixed Pattern Noise Free, Double Exposure Time Read-Out Operation. 2006 IEEE Asian Solid-State Circuits Con-
ference, Hangzhou, 13-15 November 2006. https://doi.org/10.1109/ASSCC.2006.357870

[3] Ide, N., Lee, W., Akahane, N., ef al. (2008) A Wide DR and Linear Response CMOS Image Sensor with Three Photo-
current Integrations in Photodiodes, Lateral Overflow Capacitors, and Column Capacitors. IEEE Journal of Solid-State
Circuits, 43, 1577-1587. https://doi.org/10.1109/JSSC.2008.922399

[4] Solhusvik, J., Yaghmai, S., Kimmels, A., ef al. (2009) A 1280x960 3.75um Pixel CMOS Imager with Triple Exposure HDR.
https://www.imagesensors.org/Past%20W orkshops/2009%20W orkshop/2009%20Pa-
pers/081 Solhusvik HDR DCG final.pdf

[5] Cho, S., Hong, H.S., Han, H., et al. (2011) Alternating Line High Dynamic Range Imaging. 2011 17th International
Conference on Digital Signal Processing (DSP), Corfu, 6-8 July 2011. https://ieeexplore.iecee.org/document/6004897

DOI: 10.12677/jsta.2025.135077 799 IR AR S R


https://doi.org/10.12677/jsta.2025.135077
https://ieeexplore.ieee.org/document/628828
https://doi.org/10.1109/ASSCC.2006.357870
https://doi.org/10.1109/JSSC.2008.922399
https://www.imagesensors.org/Past%20Workshops/2009%20Workshop/2009%20Papers/081_Solhusvik_HDR_DCG_final.pdf
https://www.imagesensors.org/Past%20Workshops/2009%20Workshop/2009%20Papers/081_Solhusvik_HDR_DCG_final.pdf
https://ieeexplore.ieee.org/document/6004897

	一种提高动态范围的CMOS图像传感器设计技术
	摘  要
	关键词
	A High Dynamic Range Technology for CMOS Image Sensor
	Abstract
	Keywords
	1. 引言
	1.1. 研究背景
	1.2. 相关工作

	2. 高动态范围CMOS图像传感器架构
	3. 动态范围增强的CIS原理
	3.1. 高动态范围曝光势垒变化原理
	3.2. 高动态范围曝光电压变化情况
	3.3. 动态范围扩展示意图

	4. 高动态范围CMOS图像传感器测试结果
	5. 结论
	参考文献

