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Short Abstract

In this paper, a comparator is introduced for use in CMOS image sensor which can suppress the FPN noise of the pixel in addition to comparing
voltages. Due to a large number of circuits in the column-parallel image sensors, this technique can help save power, silicon area, and imaging time
by merging the noise suppression circuit in the data converter. Simulation results show that the proposed comparator for the input range of 0.7 to 1.7
volts with an accuracy of 1 mV can do the comparison and subtraction in 25 nanoseconds. The total power consumption of the comparator is about 64
microwatts, which has 1.8- & 2.5-volt power supply and removes FPN noise up to the range of 50 mV with good accuracy. Total noise referred to the
input of the comparator for the bandwidth of 1 Hz to 1GHz was obtained 500uV. All circuits are designed in 0.18um CMOS technology and
simulated by Specter simulator.
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1-  Short Introduction (4-5 lines)

Today, digital cameras have many applications in human life. The great need for these electronic modules has led to a lot of research to improve their
performance. The results of this research have led to various methods to reduce power consumption, silicon area, and noise or to increase imaging rate,
image quality, resolution, dynamic range, etc. One of the most important parameters of digital cameras is their power consumption, especially when
these cameras are used in equipment that uses batteries. Therefore, reducing power consumption without losing the speed and quality of imaging is very
important. Various methods have been proposed to reduce power consumption, which are mainly based on the improvement of sensor blocks
performance [1].

2-  Proposed Work and Methodology (including comprision, simulation/experimental results and discusion)

In most image sensors, the FPN noise suppression circuits and ADCs are implemented separately, which increases the number of circuits and, of course,
increases the total power consumption, the silicon area of the sensor, the imaging time, and ultimately reduces the performance of the image sensor.
Therefore, a new method is proposed in which the noise suppression circuit is integrated into the comparator circuit, which causes the CDS operation
to be performed simultaneously with the comparison operation. By removing the noise suppression circuit, not only silicon area and power consumption
will be saved but also the imaging rate is increased due to the elimination of time required to perform CDS operations.

The proposed circuit (Figure 6) is designed in 180nm CMOS technology and its layout size (just a column) is 7umx=370pum. Various simulations have
been performed by Cadence Spectre simulator, such as Transient, Frequency, Noise analysis. Also, to check the effect of the process, Monte Carlo
analysis and the MOS transistor corners (SS, FF, FS, SF) were used and temperature variations effect on the circuit performance was evaluated.

To evaluate the comparator offset voltage, a Monte Carlo analysis with 100 points has been performed. As shown in Figure 9, the maximum offset
voltage at the output of the pre-amplifier was obtained as high as 400mV, which reached lower than 55mV at the input of the latch. Due to the
amplification of the input signal with a gain of 40dB, this amount of offset against the amplified signal at the input of latch will be small. Therefore, the
comparator offset will not have much effect on the comparison operation. The time required for comparison and subtraction is about 25ns. The power
consumption of the comparator and bias circuit are 64puW and 55uW, respectively. By applying a voltage as a model of FPN noise to the output of the
pixel signal, it was specified that noise with a magnitude of 50 mV has no effect on the comparator output and is well eliminated. Based on the noise
analysis, the result is shown in Figure 11, the total input-referred noise (integration bandwidth from 1Hz to 1GHz) is about 500uV.

Temperature analysis was performed in all simulations and the obtained results show that increasing the temperature from 27°C to 60°C increases the
offset voltage by 16%, the increase in the total input-referred noise by 58%, and reduction of pre-amplifier voltage gain by 1.6%.

To obtain the voltage gain of the pre-amplifier and its frequency response, AC simulations are performed in different corners of the process. As shown
in Figure 8, in the nominal corner (TT), the voltage gain is 40dB and the -3dB cut-off frequency is about 33MHz. The 40dB voltage gain of the pre-
amplifier is sufficient to amplify the minimum detectable input voltage to the point that it is usable by the latch circuit.

3-  Conclusion

In this paper, a new comparator was introduced which can be used in CMOS image sensors with column-parallel structure. The proposed comparator,
while performing the comparison operation, can remove the FPN noise of the pixel. This technique can improve the power consumption and the silicon
area of the image sensor. The all of circuits were designed in process of CMOS 0.18pum and analyzed using Spectre circuit simulator.
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