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Abstract—This paper presents a 12-to16-bit column-parallel 

correlated multiple sampling (CMS)-based analog-to-digital 

converter (ADC), implemented in a 0.11 m CMOS image sensor 

technology. The implemented image sensor has a resolution of 

1080(H) x 1080(V) with a pixel pitch of 4.5 m, and a die size of 

9mm(H) x 10.44mm(V). The ADC features multiple per-cycle 

gains and 1.5b DAC per cycle. The measured peak temporal 

noise was reduced from 10.41 e-rms to 2.33 e-rms when varying 

the number of CMS from 4 to 64. By setting the analog gain to 4, 

the temporal noise was further reduced to 1.21 e-rms, at a 

conversion gain of 22.87 V/e-. Additionally, the measured dark 

current distribution is 6.2 e-/s.  

Keywords—CMOS image sensor, column-parallel ADC, 

cumulative multiple sampling, high dynamic range, folding 

integration/cyclic ADC 

I. INTRODUCTION 

A column-parallel ADC with high gray-scale resolution 

and a highly monotonic-linear dynamic range is essential for 

CMOS imagers used in high-end digital still cameras (DSCs) 

and scientific applications. The ADC should effectively reduce 

noise from analog readout circuits, including source followers, 

by employing high-gain amplification. At the same time, it 

must preserve the intra-scene dynamic range, which is defined 

by the ratio between the noise level and the pixel's full-well 

capacity. Column-parallel ADC architectures using correlated 

multiple sampling (CMS) are one of the best ways to realize 

these requirements[1], [2], [3], [4], [5], [6].  

In the CMS-based ADC using the cascaded operation of 

folding-integration and cyclic ADCs [4], the per-cycle gain of 

0.5 and effective 1b digital-to-analog converter (DAC) per 

cycle in integration are used. This paper presents a CMS-based 

ADC featuring multiple per-cycle gains and 1.5b DAC per 

cycle. 

II. OPERATION PRINCIPLES 

Figure 1a illustrates the phase diagram of the FI ADC, 

which operates at three different FI gain cycles. Initially, the 

input signal is connected to both capacitors C1 and C2 to 

achieve the gain setting of G=2 in the first cycle. The input is 

then connected to only C1 to achieve the gain setting of  G=1 in 

the subsequent cycles. In the final cycle, both C1a and C1b  are 

connected to the low reference voltage, VRL, and the gain 

setting becomes G=0. Figure 1b summarizes the phases of the 

folding integration operation of the proposed ADC, where M 

denotes the number of cycles in the folding integration stage. 

The summation of the number of cycles multiplied by the 

respective gains corresponds to the total CMS gain.  

Figure 2 shows the phase diagram of the cyclic ADC. In the 

first cycle, the analog input signal is sampled, as shown in 

Figure 2a. The integrator output is sampled and fed back to the 

input during the following cycles, as shown in Figure 2b. A 

1.5b DAC per cycle is used to mitigate the effect of comparator 

nonlinearity error, denoted by D=0,1,2 in Figure 2b. Figure 3 

shows the capability of the proposed ADC to have different 

modes by modifying the number of multiple samplings and 

cyclic ADC cycles. The flexibility allows the proposed ADC to 

realize two different modes, i.e. the low noise and the high-

R02.3 2025 International Image Sensor Workshop

53



speed ADC modes, where the low noise mode (LN) has an 

extra bit in the FIADC, while the high-speed mode (HS) has an 

extra bit in cyclic operation. Each mode ranges from 12b to 

16b resolution. 

III. MEASUREMENT RESULTS 

The prototype chip was fabricated using 0.11 m 1P4M 

CIS technology, featuring a pixel array of 1080(H) x 1080(V) 

with a pixel pitch of 4.5 m, and a die size of 9mm(H) x 

10.44mm(V). Figure 4a depicts the variation in temporal noise 

distribution with varying numbers of CMS from 4, 8, 16, 32, 

and 64, and an analog gain of 0.8. The peak temporal noise was 

reduced from 10.41 e-rms to 2.33 e-rms, verifying the effect of 

the CMS operation. Figure 4b compares the results for 

different variations of CMS and analog gain settings (Gain=0.8, 

2, 4). By setting the CMS gain to 64 and analog gain to 4, the 

temporal noise was reduced to 1.21 e-rms, achieving 8.57 

times noise reduction. Dark current distribution is shown in 

Figure 5, with the peak at 6.2 e-/s. The conversion gain 

obtained from the photon transfer curve is 22.87 V/e-.  Figure 

7 shows the image taken using the proposed ADC using the 

low noise LN12b mode. Table 1 compares this work with the 

prior work of FI/C ADC. Compared to the conventional FI/C 

ADC, this ADC achieved a higher ADC dynamic range and 

very low input-referred voltage domain noise, which is 

essential for high-end cameras. 

ACKNOWLEDGMENT 

This work was supported in part by the JSPS KAKENHI 

Grant Number 24H00313. The authors also would like to thank 

DB HiTek for CIS chip fabrication. 

 

REFERENCES 

[1] K. Kitamura and A. Theuwissen, “A Two 

Conversions/Sample, Differential Slope Multiple 

Sampling ADC With Accelerated Counter 

Architecture.” 
[2] K. Shiraishi et al., “6.7 A 1.2e− temporal noise 3D-

stacked CMOS image sensor with comparator-based 

multiple-sampling PGA,” in 2016 IEEE International 

Solid-State Circuits Conference (ISSCC), IEEE, Jan. 

2016, pp. 122–123. doi: 

10.1109/ISSCC.2016.7417937. 

[3] S. Kawahito, S. Suh, and T. Shirei, “Noise reduction 

effects of column-parallel correlated multiple 

sampling and source-follower driving current 

switching for CMOS image sensors,” Proc. Int. Image 

Sensor …, pp. 2–5, 2009, [Online]. Available: 

http://www.imagesensors.org/Past Workshops/2009 

Workshop/2009 

Papers/075_paper_kawahito_shizuoka_colpar.pdf 

[4] M. W. Seo et al., “A low-noise high intrascene 

dynamic range CMOS image sensor with a 13 to 19b 

variable-resolution column-parallel folding-

integration/cyclic ADC,” IEEE J Solid-State Circuits, 

vol. 47, no. 1, pp. 272–283, 2012, doi: 

10.1109/JSSC.2011.2164298. 

[5] C. Okada et al., “7.6 A High-Speed Back-Illuminated 

Stacked CMOS Image Sensor with Column-Parallel 

kT/C-Cancelling S&amp;H and Delta-Sigma ADC,” 

in 2021 IEEE International Solid- State Circuits 

Conference (ISSCC), IEEE, Feb. 2021, pp. 116–118. 

doi: 10.1109/ISSCC42613.2021.9366024. 

[6] Y. Oike and A. El Gamal, “CMOS image sensor with 

per-column ΣΔ ADC and Programmable Compressed 

Sensing,” IEEE J Solid-State Circuits, vol. 48, no. 1, 

pp. 318–328, 2013, doi: 10.1109/JSSC.2012.2214851. 

  

 

 

 

 

 

54



 

 

 
Figure 2: Phase diagram of the cyclic operation.  

 
Figure 3: High speed and low noise ADC modes ranging from 

12b to 16b resolution.  

 

 
(a) 

 
(b) 

Figure 1: Phase diagram of the folding Integration operation.  
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(b) 

Figure 4: (a) The temporal noise distribution for CMS 

from 4 to 64 times. PGA gain is set to 0.8.              (b) 

Comparison of variation of CMS and three settings of 

PGA gain showing the effectiveness of gain reduction 

with higher ADC resolution.   

 
Figure 5: Dark current distribution showing the peak at 

6.2 e-/s  

                 

 
Figure 6: The photon transfer curve to obtain the 

conversion gain. 

 [4] This work 

Process 110nm CIS 110nm CIS 

Pixel Size [m] 7.5 4.5 

CG [V/e-] 67 22.87 

Analog Gain 1 0.8 2 4 

Temporal 
noise  

 [e-rms] 1.2 2.33 1.45 1.21 

[Vrms] 80.4 53.2 33.2 27.7 

Dynamic Range [dB] 82 87 84 79 

CMS # 64 64 

ADC Resolution 18b 16b 
 

Table 1: Comparison table  

                 

 
Figure 7: Image taken using the proposed ADC with 

LN12b mode. 
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