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High Speed Fully Parallel Two-Step ADC Design Method for Hundred
Million Level CMOS Image Sensors

GUO Zhong-jie, XU Rui-ming, CHEN Xin-qi, YU Ning-mei, SU Chang-xu, LI Chen
(School of Automation and Information Engineering , Xi’ an University of Technology, Xi’ an, Shaanxi 710048, China)

Abstract: Aiming at the speed bottleneck problem of traditional single-slope analog-to-digital converter (ADC) and
serial two-step ADC in the readout process of large-array CMOS image sensors ,this paper proposes a fully parallel two-step
ADC for high speed CMOS image sensors. The ADC design method is based on the idea of time sharing and time compres-
sion, advances the fine conversion time to the coarse conversion time period, and solves the time redundancy problem of the
traditional method. At the same time, aiming at the Charge Injection and Clock Feedthrough problems in the sampling pro-
cess of the two-step structure, an error correction method based on the error synchronization storage technology is proposed,
which eliminates the impact of the non-ideal factors of the sampling circuit on the performance of the ADC. Based on the
55 nm 1P4M CMOS process, this paper has completed the detailed circuit design and comprehensive test verification of the
proposed method. Under the design conditions of analog voltage 3.3 V, digital voltage 1.2 V, clock frequency 250 MHz and
input signal 1.472 V, the proposed 13-bit ADC achieves the differential nonlinearity (DNL) of +0.8/-0.8LSB and the inte-
gral nonlinearity (INL) of +2.1/-3.5LSB and Conversion time of 512 ns .The effective number of bits (ENOB) is 11.33 bit
and the power consumption is 47 wW. Compared with the existing advanced ADCs, the method proposed in this paper can
increase the ADC conversion rate by more than 74.4% while ensuring low power consumption and high precision, provid-
ing certain theoretical support for the readout and conversion of high-speed and high-precision CMOS image sensors.
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