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Abstract. CMOS image sensor (CIS) control circuit has a non-negligible problem, which is
the power efficiency. Research has shown that the power consumption of the CIS control
circuit is affected mainly during the process of converting light to voltage signals. By
reviewing the related research and products that use CIS control circuits, this study aims to
find the current efficiency and flaws of the components in CIS control circuits to provide an
optimized solution for each impediment. We separate different components in CIS control
circuits and analyze each of them with corresponding efficiency and obstacles to increase
efficiency. Subsequently, ideas and solutions for overcoming the challenges to increase the
efficiency of components with certain trade-offs will be provided. Based on the analysis of
each possible solution, the team recommended future development for these solutions that
may optimize the efficiency of CMOS image sensors with minimal trade-offs.
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1. Introduction

This paper aims to study the power characteristics of CMOS image sensors and the feasibility of a
power reduction scheme. As a product of the new era, the CMOS (complementary metal oxide
semiconductor) image sensor (CIS) has gradually become an indispensable component in the
imaging system of modern electronic equipment due to the extremely low energy consumption,
highly integrated capability, and extremely fast data processing speed of CMOS [1]. CIS technology
benefits various fields, such as consumer electronics, biomedical devices, and intelligent monitoring
systems [2]. Compared to traditional imaging technologies, especially charge-coupled devices
(CCD), it has lower power consumption, faster data reading speed, and is able to integrate all
processing elements on a tiny single chip [3,4].
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2. Primary power consuming components associated with the control circuit

As CIS technology continues to evolve, reducing power consumption as much as possible under
maintaining performance becomes increasingly important. This report will examine the key
components that improve power consumption in CMOS image sensors, highlight the specific
applications of the corresponding components, and explore potential solutions to improve the energy
efficiency of CIS control circuits.

2.1. Power efficiency of amplifier

The first is one of the most important power-consuming components in CMOS image sensors:
amplifiers. An amplifier enhances the weak electrical signal of a photodiode sensor array [5], raising
it to a sufficient level for subsequent circuits to process the signal. However, to ensure that the image
sensor can capture the light signal in real time, the amplifier usually needs to run continuously,
which inevitably greatly increases the system's power consumption [6]. Especially in systems for
high-speed or high-resolution imaging, the power needs of amplifiers are particularly prominent.
With the increasing demand for higher image resolution, more frames per second, and faster
processing speed, the power consumption of amplifiers has reached 30% to 50% [7], which has
become a complicated problem in the power optimization process.

2.2. Power consumption associated with focusing mechanisms

At the same time, the CMOS image sensor might autofocus while the system is running. The CIS-
based autofocus system relies on the preprocessing mechanism of partial pixels. During the focusing
process, some pixels will be called at any time to judge the object distance to ensure that the sensor
can adjust the focal length quickly and accurately under different shooting conditions to maintain the
best image clarity. Therefore, the high-speed focusing mechanism needs to mobilize a lot of
electricity and computing power to achieve this function. In a dynamic shooting environment,
frequent focal length adjustment will further increase the system's power consumption [8]. For
applications that require fast response, such as video recording or tracking moving objects, this
additional power consumption can significantly negatively impact device battery life.

2.3. Power consumption associated with image stabilizing capacitor

In addition, the image stabilization system is also a power-consuming component in modern CMOS
image sensors. Most of the time, CMOS image systems use stabilization systems to reduce image
blurring caused by camera shake or the movement of the subject during photography. In order to
achieve adequate image stabilization, the capacitors within the sensor must undergo frequent
charging and discharging operations during image capture [9]. The capacitor's large capacitance
value can ensure the system's stability but also lead to high energy consumption. When using high-
resolution applications such as high-resolution video recording, the power consumption of the image
stabilization system can account for 10–30% of the overall power consumption [10]. With the
increasing demand of users for higher image quality, the power consumption of image stabilization
systems is becoming more and more prominent, and it has become one of the critical factors in
power optimization and design.

To sum up, although the CMOS image sensor has obvious technical advantages in many aspects,
the amplifier, autofocus mechanism, and image stabilization system in its internal control circuit will
still produce the corresponding power consumption problem in a higher resolution environment and
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large amounts of data recording. Considering the increased challenge, the following pages will
propose some optimization and innovation of circuit design and power management techniques to
balance power consumption and performance.

3. Potential solutions to reduce the power consumption of CMOS image sensors

Reducing the power consumption of CMOS image sensors requires a combination of advanced
circuit design and innovative power management strategies. In response to the growing demand for
energy efficiency and high performance, researchers and engineers have explored various potential
technical approaches to minimize power consumption while ensuring that sensors do not
compromise performance in high-speed and high-resolution applications. Several major solutions
are explored in detail below. Each of these approaches has advantages and disadvantages in real-
world applications, and trade-offs must be made based on specific scenarios.

3.1. Reduce the operating voltage

The first method is to reduce the operating voltage of the system, which is one of the most effective
ways to reduce power consumption. Since the power consumption of a circuit varies with the square
of the voltage when the system resistance is held constant, even a tiny reduction in voltage will
result in a significant offset in power consumption. However, lowering the voltage is not a perfect
solution. Lower operating voltages may affect the efficiency of CMOS image sensors, and lowering
the supply voltage may lead to performance bottlenecks when improving system response times
[11], such as in real-time imaging or high-definition video capture. So when high-speed data
processing is required, the system needs to automatically recognize and increase the voltage; this
solution puts specific requirements on the software algorithm [12].

3.2. Using power gating technology

Power gating is another potentially effective method of power consumption optimization. Systems
with power gating reduce static power consumption by selectively shutting down parts of the
circuitry that are not in use during operation [13]. Power gating is more effective than standard
power supply methods in systems with idle duty cycles [14]. For example, during the focusing
process, the system only needs partial pixels to focus and temporarily turns off the rest of the pixels
to reduce static power consumption. Power gating can also significantly reduce leakage current [15],
especially in CMOS systems using deep sub-micron processes, which can significantly improve
system power performance. When power gating is enabled, system behaviors do not affect sensor
performance. The circuit can start when there is a performance requirement to restore full
functionality. This approach is, therefore, well suited for image sensor systems that operate
intermittently.

3.3. Reducing the capacitance

In addition, to ensure the stability of the circuitry during image capture, the control circuitry of
CMOS image sensors often needs lots of large capacitors, so reducing the number of capacitors in
the control circuitry may reduce the power consumption [16]. Large capacitors can consume a lot of
energy during charging and discharging, especially when frequently capturing high-frame rate
images. Therefore, by optimizing the circuit design, reducing the number of capacitors in the circuit
may reduce the energy required for charging and discharging and reduce the loss. At the same time,
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reducing the number of capacitors can also reduce the capacitor charging and discharging time and
improve the overall response speed of the circuit to enhance the overall stability of the circuit.
Higher response speed is essential for high-speed imaging systems because delays in high-speed
imaging systems may lead to degradation of image quality.

4. Future outlook

With the development of technology, CMOS sensors may reduce power consumption through more
complex circuit design in the future. At the same time, more intelligent algorithms can achieve more
accurate system voltages, and module switches control timing to reduce unnecessary energy loss
[17].

However, combined with the current development trend, this paper is more inclined to CMOS
image sensors in the future, which are more likely to rely on substantial advances in manufacturing
processes to reduce power consumption because it is simpler to do so.

5. Conclusion

In summary, in this report, reducing power supply voltage, power supply gating, and reducing
capacitance are the three main strategies for reducing the power consumption of CMOS image
sensors. Each method has unique advantages and limitations according to specific needs in practical
applications. As the technology advances, further optimization in these aspects will help CMOS
image sensors achieve a better balance between power consumption and performance, promoting
their continued application and development in various fields.
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