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Abstract:-In the area of microprocessor design, the application of low power techniques has bring
togethermomentouscontemplation for its potential to enhance performance and efficiency. With rapid
advancements in digital circuit applications, low Power is one of the prominent aspects in the design of digital
processors. Designing a low-power digital processor is essential for various applications, such as mobile
devices, 10T devices, and battery-powered systems. Lower power consumption affects the battery utilization
with minimization in heat generation and environmental impact. In this paper the scope and significance of low
power microprocessor research is discussed. The contribution of how each component of the design affects to
overall power consumption, various techniques for reducing the dynamic and static power is presented.This
paper aims to provide an insightful literature survey on microprocessor constitutionby employing low-power
techniques, analyzing existing research and advancements in the field.Indisputably, the literature review plays a
pivotal role in understanding the current state of knowledge pertaining to microprocessor design and low power
techniques. By examining a amplecollection of scholarly articles, conference papers, and technical reports, this
section aims to present a comprehensive overview of the research landscape.The focus will be primarily on
investigating various methodologies employed for dropping power dissipation in microprocessors. This includes
but is not limited to dynamic voltage scaling, clock gating techniques, leakage current reduction strategies, and
architectural optimizations.
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1. Introduction

Microprocessor design is a critical area that plays a vital role in modern computing systems. As technological
advancements continue to drive the need for smaller and more efficient devices, reducing power consumption
has become a primary concern. Low power techniques and strategies have emerged as effective solutions to
address this challenge. Today’s electronics industry focuses on low power. The requirementof low-power has
caused a shift in the way power is used. The article describes the many issues facing designers at architectural,
logical, and physical levels of design abstraction and introduces comprehensivelystudy of CAD methodologies
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and stratergies for creating low-power CMOS based circuits &systems. It reviews some of the techniques and
tools that have been proposed to overcome these difficulties and outlines the future challenges that must be met
to design low-power, high performance systems. In the past, the main metrics of anydesign engineer were wrt
area, performance, cost, and reliability,with nominal focus on power. In recent years, however, this has begun
to change, and more power is being given a influence comparable to the area and performance. Many factors
contributed to this trend. Perhaps the main driving factor has been the rapid growth of the class of personal
computing devices, wireless communications systems, Al device’s, IoT enabled devices, which require agile
calculations & heterogenous functionalities with low power consumption. In these applications, the normal
power dissipation is a vital design concern. The motivation for reducing power consumption differs from
purpose to purpose.In the class of micro-powered battery-operated mobile applications, such as cellular phones
and personal digital assistants, 10T devices.Overall, CMOS technology is the dominant choice for digital 1C
design due to its excellent balance of low power consumption, high noise immunity, and versatility,
accomplishing it apt for a amplescope of electronic devices and applications. CMOS, which stands for
Complementary Metal-Oxide-Semiconductor, is a fundamental technology employed in IC design. It is a kind
of semiconductor technology that utilizes both p-type and n-type metal-oxide-semiconductor field-effect
transistors to create digital and analog circuits. NMOS transistors are turned on by applying a +ve voltage
supply to the gate relative to the source. PMOS transistors are turned on by applying a -ve voltage supply to the
gate relative to the source. CMOS circuits operate in a complementary manner, which means that when one type
of transistor is on, the other is off. This complementary behavior leads to extremelylittle static power utilization
because there is no direct current path from the supply voltage to ground when a CMOS gate is idle. CMOS
circuits can operate over a broadvariety of input voltages, making them versatile for various applications.
CMOS technology allows for high integration density, meaning that many transistors and logic gates can be
packed into a small chip area. This is essential for creating complex digital ICs with numerous functionalities.
CMOS technology has the potential for high-speed operation, and advancements in CMOS manufacturing
processes have continuously improved the speed of CMOS circuits. CMOS fabrication processes are well-
established and relatively straightforward, which contributes to lower manufacturing costs.

2. Objectives

Various techniques and strategies are employed to trim down power utilization in CMOS circuits. The following
are some commonly used low-power techniques

1. Supply Voltage Scaling: Sinking the power supply or voltage scaling or voltage reduction can significantly
lower power consumption. However, this may also impact performance, so it's important to find the way
between power reduction and speed.

2. Clock Gating: Clock gating involves selectively immobilizing the clock signal to specific circuit blocks or
registers when they are not in use. This prevents unnecessary switching activity and reduces dynamic power
consumption.

3. Power Gating: Power gating, also known as power shutdown or power gating, involves completely turning
off power to unemployeddesignunits or functional units while they are not required. This can be achieved using
transmission gates or dedicated power switches.

4. Multi-Voltage Domains: Divide the IC into various voltage domains with different supply voltages to match
the power requirements of specific blocks. This allows you to reduce power in less critical areas while
maintaining higher performance in others.

5. Sub-threshold Operation: Operating transistors in the sub-threshold region (below the threshold voltage) can
reduce both static-power & dynamic-power dissipation. However, this comes at the cost of reduced speed and
increased sensitivity to process variations.
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6. Reduced Swing Logic: Using logic gates that operate with reduced voltage swings can reduce dynamic power
consumption. These circuits use smaller voltage differentials between logic levels, which results in lower power
dissipation.

7. Dynamic Voltage and Frequency Scaling (DVFS): Adjusting the voltage and clock frequency dynamically
based on the workload or performance requirements can help balance power and performance. Higher voltage
and frequency settings are used when needed, and lower settings are used during idle or light-load conditions.

8. Data Encoding and Compression: Using data encoding techniques and compression algorithms can reduce
data transitions and bus activity, leading to lower dynamic power consumption.

9. Low-Power Logic Families: Some CMOS logic families are specifically designed for low-power applications,
such as LVCMOS (Low-Voltage CMOS) and LVTTL (Low-Voltage TTL).

10. Pipeline Stages and Register Insertion: Adding pipeline stages and registers can reduce the clock frequency
and voltage required for a given performance level, thereby reducing power consumption.

11. Low-Power Libraries: Utilize low-power standard cell libraries and design methodologies that prioritize
power efficiency over performance.

12. Asynchronous Circuits: Asynchronous or clockless circuits eliminate the need for a global clock signal and
can be more power-efficient for certain applications, although they can be more complex to design and verify.

13. Energy-Efficient Algorithms: Implement energy-efficient algorithms and data processing techniques that
minimize computational requirements and memory access.

14. Duty Cycling: In applications like wireless communication, duty cycling involves turning on the radio or
transmitter only when data needs to be sent or received, allowing the circuit to spend more time in low-power
modes.

15. Energy Harvesting: In some cases, energy can be harvested from the environment to power CMOS circuits,
reducing the reliance on traditional power sources.

3. Methods
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4, Results

From the above study & analysis, we can apply majorly for dynamic power consumption, static power
consumption reduction techniques along with voltage scaling. Implement low-power states for idle processor
cores. The Processor should be able to enter sleep or power-down states when it is not actively executing
instructions.Use clock gating at various levels example register files, execution units, to shut down clock signals
when not needed.Implement hardware support forDynamic Voltage and Frequency Scaling so that the processor
can adapt its voltage and frequency based on workload, further reducing power consumption. For floating-point
units,techniques like operand bypassing and low-power floating-point arithmetic units should be used. Minimize
power consumption during instruction fetch by using techniques like instruction cache locking or instruction
cache partitioning.Use power-efficient branch prediction schemes such as static prediction or selective dynamic
prediction to minimize misprediction penalties.Implement a short and efficient pipeline to minimize pipeline
stages. A shorter pipeline typically consumes less power as there are fewer clock cycles and stages for data to
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traverse. Use aload-store architecture to minimize data movement operations and reduce power consumption.
FinFET transistors based processors can be implemented.

5.

Discussion

In this paper the various design stratergies and techniques are studied and presented. As microprocessor is
revolutioning in current Digital era of 10T & Artificial Intelligence, much attention is needed in research study
of minimization techniques for low power, high performance of the electronic devices.
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