
DesignofLowpowerDFlip-FlopsUsingClock 

Gating Techniques 
PriyadarshiniV,AsleshaSanjanaK,PavanKumarB,RoshithaRajB,AbdulAbdulla 

DeptofElectronics&CommunicationEngineering,SeshadriRaoGudlavalleruEngineeringCollege,India 

 

Abstract—There is vast variation encountered in present day circuits because of aggressive 

scaling and process imperfections. So this project deals with various D flip-flop circuits in terms 

of power, and its approach is towards designing D flip-flop with various clock gating techniques 

that utilizes low power . This work compares significance of power reduction techniques to 

reduced power reduction like power ratings, clock gratings. The proposed circuits employs D flip- 

flop with clock gating, a power-saving technique that involves controlling the clock signal based 

on certain conditions. The circuits are simulated using the Micro wind tool. The low-power 

Dflip-flop aims to strike a balance between functionality and energy conservation, making it 

suitableforapplicationsdemandingoptimalpowerperformanceandthereforeofferingminimum delay 

and power to aid the designer in selecting the best design depending on specific requirements. 
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I. INTRODUCTION 

 

In today's fast-paced and fiercely competitive environment, industries are continuously 

innovating to seamlessly merge portability with power efficiency. The inspiration for this work 

derives from the substantial variety found in today's circuits as a result of aggressive scaling and 

process flaws. Flips-flops and latches consumes about 20-50% of total chip power and about 90%of 

the clock network’s power. Widespreadadoption of memory storage systems in modern VLSI 

triggers an urge for high-performance, low-power and area efficientexecution of basic memory 

component i.e. D Flip-Flop [1].As a result, the imperative to extend battery life through optimised 

power consumption has become a paramount distinguishing factor. So, the D flip-flop, being the 

most commonly used component in Very Large Scale Integration (VLSI) design due to its pivotal 

role in sequential logic circuits, serves as a cornerstone for storing and synchronizing data. Basic 

sequential logic components utilised in digital circuit design are D flip-flops. 

 

The work takes a diverse approach to addressing this critical issue. The Methodology is 

centered on the research of various clock gating strategies, such asAND, OR, MUX, Latch, and no 

gating, suitable for various nanoscale technologies ranging from 180nm to 25nm, which are 

methodically integrated into each D flip-flop design.Clock gating reduces needless power 

consumption during idle or inactive periods by selectively enabling or disabling the clock signal 

basedonpredeterminedcriteria,allwithoutcompromisingcircuitfunctioning.Theprimaryfocusof 

theresearchliesinexploringvariousclockgatingtechniquestominimizepowerconsumptionwhile 

maintaining functionality. In synchronous digital systems, clock signals toggle often, using 

significant power even when circuits are idle. Clock gating is a predominant technique used for 

power saving.Data-driven gating is causing area and power overheads that must be considered [2].It 

selectively blocks the clock signal for certain circuit parts during inactive periods, lowering 

dynamic power dissipation. 
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Types—AND-BasedGating:Thistechniqueintegratestheclocksignalwithagatingsignal. The 

gated clock signal is only active if both inputs are high. This technique is straightforward but 

efficient for lowering power consumption in sequential circuits. 

NAND-Based Gating: NAND-based gating, likeAND-based gating, is the combination of a clock 

signal with a gating signal. However, in that case, the gated clock signal is only activated when the 

gating signal is de-asserted. NAND-based gating is very handy for enabling clock signals under 

certain conditions. 

Multiplexer-Based Gating: Multiplexer-based gating uses a multiplexer to select between the 

original clock signal and a gated clock signal accordingly to a control signal. This technique offers 

flexibility in dynamically enabling or suppressing clock signals based on system requirements. 

XOR-BasedGating:XOR-basedgatingemploysanXORgatetoselectivelyinverttheclocksignal based 

on a gating condition.This technique is useful for generating complementary clock signals or 

toggling between clock domains while conserving power. 

Latch-Based Gating: Latches serve as gates that control the flow of the clock signal to subsequent 

flip-flops or registers.When the latch is enabled (based on the generated enable signal), the clock 

signal is allowed to propagate to the downstream elements. Conversely, when the latch is disabled, 

the clock signal is held at its current state, effectively gating the clock to the downstream logic. 

 

 

Fig1.1ProcessofClockGating 

 

Designing low-electricity D Flip-Flops (DFFs) is essential for power-green virtual circuitry, 

mainly in battery-operated and strength-aware structures. This paper specializes in the layout and 

assessment of low-power DFFs using various clock gating techniques to reduce energy intakewhilst 

preserving functionality and performance. Techniques explored encompass easy AND gate- based 

totally gating, gated latch-based gating, and multi-degree clock gating, each analyzed for electricity 

savings, put off, region overhead, and complexity. The paper aims to provide a comprehensive 

know-how of the design strategies and trade-offs associated with clock gating strategies for low-

strength DFFs, assisting designers in growing energy-green digital circuits. 
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II. LITERATURESURVEY 

 

Chen and Liu [3] et al. conducted a simulation-based evaluation of low-power D flip-flop 

circuits using the Microwind tool. Their study aimed to assess the effectiveness of different design 

approaches in reducing power dissipation while maintaining circuit performance. The research 

provided practical insights into optimizing power efficiency in D flip-flop circuits.Through their 

simulations, they explored the impact of different design parameters and techniques on power 

consumption, such as clock gating, transistor sizing, and circuit topology optimization. 

Sharma and Patel [4] et al. presented a review of techniques for optimizing power efficiency 

in VLSI designs, with a focus on low-power D flip-flop implementations. Their comprehensive 

overview highlighted recent advancements in clock gating methodologies and their implications for 

energy-conscious circuit design.The design and analysis of clock-gated D flip-flops intended for 

low-power applications was the main topic of Gupta and Singh's work [5] et al. They set out to 

create D flip-flop designs that might successfully reduce power consumption without sacrificing 

necessary functions through thorough analysis and experimentation. They investigated novel ways 

toimprovepowerefficiencyinDflip-flopcircuitsbyemployingclockgatingtechniques,providing 

insightful information on the trade-offs between performance and design that are relevant to low- 

power applications.Wang and Chen's [6] et al. research focused on advancing clock gating 

techniques specifically tailored for low-power D flip-flop designs. Through innovative approaches 

and experimental validation, they aimed to develop advanced clock gating techniques capable of 

further enhancing power efficiency within D flip-flop circuits. By pushing the boundaries of 

existing methodologies, their research contributed to the development of state-of-the-art solutions 

for energy-efficient VLSI designs. 

Gupta and Patel [7] et al. provided a thorough overview of recent improvements in clock 

gating approaches designed for low-power D flip-flops. Their review was useful for scholars and 

practitioners working on low-power VLSI design since it provided a complete picture of recent 

developments. Li andWu [8] et al. introduced a novel clock-gating D flip-flop design optimized for 

improved power efficiency in VLSI applications. Their research aimed to address the growing 

demand for energy-efficient integrated circuits by proposing innovative design solutions. Through 

experimental validation and performance analysis, they demonstrated the effectiveness of their 

novel clock-gating D flip-flop design in minimizing power consumption while meetingperformance 

requirements, thereby contributing to advancements in low-power VLSI design methodologies. [9] 

Rahman andAhmed focused on exploring efficient power reduction techniques specifically targeted 

at D flip-flop circuits in VLSI design. Their study aimed to identify and evaluate various techniques 

and methodologies aimed at minimizing power consumption within D flip-

flopcircuits.Throughexperimentalvalidationandperformanceanalysis,theyprovidedinsights into the 

efficacy of different power reduction techniques, thereby contributing to the developmentof energy-

efficient VLSI designs. 

Wang and Chen's [10] et al. research concentrated on developing clock gating strategies for 

low-power D flip-flop circuits. They wanted to create enhanced clock gating strategies capable of 

increasing power efficiency within D flip-flop circuits using novel methodologies and experimental 

validation. Their research pushed the boundaries of conventional approaches, resulting in the 

development of cutting-edge solutions for energy-efficient VLSI architectures.
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 III. Dflipflop With Different clock Gating Techniques: 
Typical five-transistor D flip-flop operates by storing binary data at the D input and 

transferring it to the output when triggered by the clock signal. The stored data remains unchanged 

until the next clock transition, allowing for sequential data storage and transfer within digital 

circuits. Initiating with a pre-existing 5-transistor D flip-flop design as the baseline, Clock gating 

techniques were applied to this baseline, including AND, OR, multiplexer, and latch-based 

approaches. 

 

 

Fig3.1 5TransistorDFlip-FlopwithNo Gating 

 

 

Fig3.2 5TransistorDFlip-FlopwithAND Gating 

 
TheAND gate clock gating technique for a D flip-flop controls the clock input based on two 

signals: the original clock signal and a gating signal. When both signals are high, the clock signal 

reaches the flip-flop, enabling its operation. If the gating signal is low, the clock signal is blocked, 

preventing changes to the flip-flop's state. This technique saves power by selectively enabling the 

clock signal as needed. During the setup phase, when the clock signal (CLK) transitions, theAND 

gating mechanism evaluates the conditions or signals applied to its inputs. If all input conditions are 

met, theAND gate produces an output signal that enables the latch. 
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Fig3.3 5TransistorDFlip-FlopwithOR Gating 
The OR gate clock gating technique for a D flip-flop regulates the clock input with two 

signals: the original clock signal and a gating signal. When either signal is high, the clock reaches 

the flip-flop, enabling its operation. If both signals are low, the clock is blocked, maintaining the 

flip-flop's state. During the setup phase, when the clock signal (CLK) transitions, the OR gating 

mechanism evaluates the input signals or conditions and determines the appropriate data input (D) 

to propagate to one of the inverters in the latch. This action sets the state of the flip-flop based on 

the combined inputs, allowing the flip-flop to capture and store data from different sources 

simultaneously. 

 

 

Fig3.4 5TransistorDFlip-FlopwithLatch Gating 

For the latch-based clock gating technique, a latch is used to control the clock input of the D 

flip-flop. When the latch signal is high, the clock signal passes through, enabling the flip-flop's 

operation. If the latch signal is low, the clock input is blocked, preventing changes to the flip-flop's 

state. During the setup phase, when the clock signal (CLK) transitions, the latch gating mechanism 

evaluates predetermined conditions or signals. If the conditions are met, the latch is enabled, 

allowingtheinputdata(D)topropagatetooneoftheinvertersinthelatch. 
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Fig3.5 5TransistorDFlip-FlopwithMUX Gating 

 

In the Mux-based clock gating technique, a multiplexer (mux) is employed to select between 

the original clock signal and a gated clock signal. When the gating signal is high, the mux selects 

the original clock signal, allowing it to reach the flip-flop. When the gating signal is low, the mux 

chooses the gated clock signal, effectively blocking the clock input and maintaining the flip-flop's 

state. During the setup phase, when the clock signal (CLK) transitions, the MUX gating mechanism 

evaluates the selection inputs and chooses the appropriate data input (D) to propagate to one of the 

inverters in the latch. This action sets the state of the flip-flop based on the selected input, allowing 

the flip-flop to capture and store data from the chosen source. Evaluation was made on the 

effectiveness of each technique in reducing power consumption and preserving functionality, 

through simulation and analysis conducted within the Microwind platform. 

 

III. RESULTSANDDISCUSSION 

The simulation results showed significant variations in power consumption. Trade-offs 

between power reduction and circuit performance were observed. The latch-based gating method 

excelled in power efficiency but sometimes compromised performance metrics like propagation 

delay or setup time violations. In contrast, the AND and OR gating techniques offered balanced 

trade-offs, maintaining acceptable circuit speed while achieving significant power savings. 

However, the multiplexer (MUX) approach, while promising for power reduction, introduced 

increased circuit complexity and associated overhead. 

Table5.1PowerAnalysisof5TransistorDFlip-FlopwithvariousTechnologies 

 

GATING 180nm 90nm 65nm 45nm 32nm 25nm 

NOGATING 19.122 µw 17.675µw 16.789µw 12.435µw 9.8µw 18.425µw 

MUX 17.240µw 9.729µw 6.419µw 6.52µw 18.5µw 14.950µw 

LATCH 14.784µw 13.029µw 9.412µw 9.21µw 10µw 10.429µw 

OR 15.034µw 7.485µw 5.142µw 3.41µw 14.26µw 9.580µw 

AND 4.232µw 4.372µw 2.516µw 1.8µw 5.21µw 5.978µw 

 

 
AND and OR gating consistently offered superior power reduction, yielding notable savings. 

Latch gating technique also reduced power consumption significantly compared to the baseline. 

However, the multiplexer (MUX) approach, while providing some power savings, faced hurdles in 

achieving optimal performance due to heightened circuit complexity. 
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Fig5.1 Powercomparison  

IV. CONCLUSION 

Based on the scomparisons and analysis between power reduction and performance, AND 

andORgatingtechniquesfor5and4transistorDFlip-Flopemergedasviablealternatives,offering balanced 

trade-offs between power reduction and circuit speed.Meanwhile, latch-based gating, despite 

occasional compromises in performance metrics, underscores its potential for significant power 

savings. However, the multiplexer (MUX) approach, while promising for power reduction, 

introduced complexities and overhead that could impact overall performance. 

 

Moving forward, our study provides optimized D flip-flop designs that prioritize energy 

efficiency without sacrificing critical performance metrics. By navigating the trade-offs inherent in 

clock gating strategies, future research can advance the state-of-the-art in low-power digital circuit 

design, facilitating the creation of energy-efficient electronic systems for diverse applications. 
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