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Abstract - The paper introduces a 0.8μm-pitch CMOS 

Image Sensor (CIS) with Dual Conversion Gain (DCG) 

pixel technology. The 0.8μm-pitch has been developed 

to decrease the pixel size with the demand of higher 

resolution from the mobile CIS market. However, for the 

0.8μm-pitch, it is crucial to overcome the degradation of 

Full Well Capacity (FWC) as well as Signal-Noise Ratio 

(SNR) performance due to shrink in pixel size, and the 

DCG pixel technology can be a way to resolve this 

problem. We expect that the DCG pixel technology will 

be an effective solution and contribute to expanding high 

resolution in the mobile CIS market. 

 

Ⅰ. Introduction 
 In recent years, it has been increased the demand for 

high resolution of CMOS image sensors market in 

mobile, [1-2] and the pixel size has been decreased to 

0.8μm. In low light condition, the performance 

degradation due to the shrinkage of pixel pitch was 

resolved by TETARCELL. In this paper, we are 

presented with the DCG pixel technology applied for the 

first time in the mobile CIS and its performance. 

 

Ⅱ. Technology 
 The DCG technology has been applied in various ways 

to obtain a high dynamic range on the automotive sensor, 

and it is used to implement the wide dynamic range with 

high and low Conversion Gain (CG) [3].  

 On the other hand, the pixel size in the mobile sensor 

is smaller compare to the one in the automotive sensor 

and is continuously reducing its size due to increasing 

demand of higher resolution from the CIS market. To 

overcome the degraded performance of small pixels at 

low light condition, the TETRACELL technology, 

where large pixel sensitivity can be obtained with 4-

pixel merged output in sub-micron pixels, has been 

introduced (Figure 1). 

 

Figure 1. (a) Diagram of Tetra cell pattern and 

structure of (b) Tetra mode and (b) Full re-mosaic 

mode 

 The CG is a pixel design factor determined by total 

Floating Diffusion(FD) capacitance, so various CG can 

be implemented depending on how the FD capacitance 

is configured. We have added the DCG transistor in 

between Reset Gate (RG) and VDD, and adjusted the FD 

capacitance by changing the operating timing of the 

transistor (Figure 2 and 3). 

 

 

Figure 2. Schematic of (a) Single Conversion Gain 

pixel and (b) Dual Conversion Gain pixel 
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Figure 3. DCG timing diagram of (a) HCG and (b) 

LCG 

 

 Although the TETRACELL technology can improve 

low light performance by increasing incident photons, it 

is difficult to realize a quadruple FWC due to the 

limitation of FD dynamic range and Analog Digital 

Converter(ADC) saturation range. To overcome this, we 

developed an adaptive DCG pixel that has two types of 

CG in the tetra mode, High CG (HCG) and Low CG 

(LCG). They can be implemented by applying additional 

FD capacitance. In the HCG, the RG transistor operates 

as a reset, and the DCG transistor is always turned on, 

so the FD capacitance is small resulting in large CG. 

Conversely, in the LCG, the RG transistor is always 

turned on, and the DCG transistor operates as reset, so 

the FD capacitance is large resulting in small CG (Figure 

3). In the LCG, since the signal in FD becomes smaller 

in existing ADC saturation range, it is designed to 

implement larger FWC in high lux condition. On the 

other hand, the HCG provides low-noise performance 

which is favorable at the low illumination condition. 

 

Ⅲ. Results and Discussions 

 The CIS in which the TETRACELL technology is 

applied shows a large-pixel effect which provides 

improved performance in low lux condition at sub-

micron pixels.  However, even if the number of 

photodiodes increases due to the TETRACELL 

technology, the FWC cannot be increased due to the 

limitation of FD dynamic range and ADC saturation. 

However, with a privilege of the DCG technology, it is 

possible to increase FWC in high lux condition.  

 

Figure 4. Comparison between HCG and LCG (a) 

Photon transfer curve and (b) Mean value  

 

 

Figure 5. Comparison of FWC between Single 

CG(HCG), Dual CG(HCG) and Dual CG(LCG). 

 

 Figure 4 and 5 show that the LCG decreasing by 50% 

in its value compared to the HCG, and the FWC 

quadrupled compare to a single CG due to the LCG and 

the summing method. When the DCG technology is 

applied, signal in FD is reduced, so the FWC can 

increase up to 24000e-. 

 Figure 6 shows that High Lux SNR is improved by 5dB 

due to the DCG technology and 5-Lux SNR is improved 

due to the TETRACELL technology. In high lux 

condition, the pixel operates as LCG, which increases 

the FWC. High Lux SNR is improved because the signal 

is very large compared to the noise. On the other hand, 

in low lux condition, it operates as HCG and is the same 

as the situation of the existing single CG. The noise does 

not change due to the HCG, and the large pixel effect by 

the TETRACELL technology improves 5-Lux SNR. 

 



 

 

 

 Figure 6. Comparison of 5-Lux, High Lux SNR 

between SCG and DCG 

 

 FWC and SNR performance for operation mode is 

summarized in Table I. Applying the DCG technology 

improves FWC and High Lux SNR as well as 5-Lux 

SNR improvement by the TETRACELL technology. 

Therefore, the high light performance is improved due 

to the DCG technology and low light performance is the 

same as before. 

 

Table I. FWC and SNR Characteristics 

Characteristics Unit 
SCG DCG 

Full Tetra Full Tetra 

FWC e- 6,000 6,000 6,000 24,000 

5-Lux SNR dB 18.3 26 18.3 26 

High Lux SNR dB 44.1 44.1 44.1 49.1 

 

Ⅳ. Conclusion 

 We have developed 0.8um-pitch TETRACELL CIS 

with large pixel performance in high light condition as 

well as low light condition by applying the DCG 

technology. As a result, the maximum FWC in Tetra 

mode was secured up to 24000e-, and the High Lux SNR 

was improved by 5dB. We hope that 0.8µm-pitch 

TETRACELL CIS with the DCG technology will be a 

satisfying solution to meet the mobile market needs for 

higher performance and resolution. 
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