
          International Journal of Scientific Research in Engineering and Management (IJSREM) 
                        Volume: 09 Issue: 01 | Jan - 2025                              SJIF Rating: 8.448                                       ISSN: 2582-3930                                                                                                                                               

   

© 2025, IJSREM      | www.ijsrem.com                                   DOI: 10.55041/IJSREM41098                                           |        Page 1 

 

A Comprehensive Approach to Power Optimization in VLSI through Clock Gating 

 
Aruna M, T Manikandan 

Harinath B, C Mallikarjun, Cheboyina Bhanu Teja, Harshavardhan Reddy 

Department of Electronics and Communication Engineering, 

Presidency University, Banglore 
 

 

Abstract 

Control utilization in advanced circuits has 

ended up a basic plan thought, particularly for 

convenient and inserted gadgets. The Number 

juggling Rationale Unit (ALU) is a crucial piece 

in advanced processors, where minimizing 

control scattering is fundamental. This paper 

presents a low-power ALU plan utilizing clock 

gating to decrease energetic control utilization. 

Clock gating is utilized to specifically empower 

or debilitate ALU modules based on the executed 

operation, subsequently minimizing superfluous 

exchanging movement. The proposed ALU 

performs a number-crunching operation. The 

plan is executed and reenacted in Verilog HDL, 

with amalgamation performed on an FPGA 

stage. Comes about illustrates critical decreases 

in energetic control utilization with irrelevant 

zone overhead, making the plan reasonable for 

low-power applications. 

 

Keywords—Arithmetic rationale unit(ALU), 

Clock gating, moo Control Plan, Energetic 
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Introduction 

The expanding request for versatile gadgets, such 

as portable phones, IoT gadgets, and battery- 

operated frameworks, has made control 

optimization a major plan challenge. The Math 

Rationale Unit (ALU), which performs math and 

coherent computations, is one of the most 

habitually utilized components in a processor. In 

this manner, optimizing the ALU can essentially 

make strides in the general control effectiveness of 

a computerized system. In customary ALU plans, 

all useful pieces (such as adders, subtractors, and 

coherent units) are dynamic in any case of whether 

they are being utilized, driving to pointless 

exchanging action and expanded energetic control 

utilization. 

Energetic control, caused by exchanging capacitive 

loads, rules the control utilization in most CMOS 

circuits. To address this issue, clock gating is 

utilized as a power-saving method. Clock gating 

works by crippling the clock flag to sit still 

utilitarian pieces, in this manner anticipating 

superfluous toggling. 

 

Hence, decreasing clock control is exceptionally 

critical. Clock gating is a key control decrease 

strategy utilized by equipment originators and is 

ordinarily actualized by RTL-level HDL Test 

systems or gate-level control analyzer devices. 

 

Control  =  CL  ×  Voltage  ×  recurrence 

 

In the condition, control is specifically relative to 

the square of the voltage and the recurrence of the 

clock. 

 

 

A. Dynamic power dispersion 

Dynamic power Dissipation in the environment of 

timepiece gating refers to the reduction in power 

consumption achieved by distributing or widely 

disabling the timepiece signal to a certain corridor 

of a digital circuit when the corridor is idle or not 

laboriously recycling data. This medium primarily 

addresses dynamic power consumption, which 

arises due to the charging and discharging of 

capacitive loads during signal transitions. 

Timepiece Gating timepiece gating widely enables 

or disables the timepiece signal to different 

corridors of a circuit. When a module isn't 

performing any useful calculation, its timepiece 

can be reopened (impaired), halting gratuitous 

switching exertion and saving power. 
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Dynamic Power dissipation in timepiece gating, 

dynamic power dissipation refers to how 

effectively the power reduction is distributed 

across the circuit factors. Immaculately, the 

timepiece gating medium should target areas of the 

circuit that have a high switching exertion. 

Consume a significant portion of total dynamic 

power. Don't compromise the overall performance 

of the system when reopened. 

Dissipation vs. Localization Dissipation implies 

that the power-saving trouble is spread across 

multiple regions of the circuit rather than localized 

to a single element. This can help achieve a 

balanced power saving and avoid hotspots of 

power dispersion. 

Effectiveness of Power Dispersion The 

effectiveness of dynamic power dissipation 

depends on: 

The granularity of Clock Gating Fine-grained 

timepiece gating can save further power by gating 

individual flip-duds or small sense blocks but may 

introduce further outflow in the control sense. 

Transition Outflow inordinate toggling of gating 

signals can negate power savings. 

Design Workload Modules that constantly switch 

between active and idle countries can profit the 

most from timepiece gating. 

 

 

B. Static power dissipation 

 
Stationary power dispersion arises from leakage 

currents in the circuit indeed when there's no 

switching exertion. Unlike dynamic power, which 

depends on the circuit's exertion and timepiece 

signal transitions, stationary power is present as 

long as the circuit is powered. 

Timepiece Gating and Static Power Dissipation 

Clock gating primarily addresses dynamic power 

dispersion by reducing switching exertion. Still, its 

impact on stationary power dispersion is circular 

and depends on several factors. 

Reduction of Active Regions by disabling the 

timepiece signal to certain corridors of the circuit, 

those regions can transition to low-power or idle 

countries. 

In some designs, reopened modules may also enter 

a "power-gated" state (e.g., by turning off the force 

voltage to the module), reducing leakage currents 

significantly. 

Impact on Leakage Currents: Timepiece gating 

itself doesn't directly reduce leakage currents. Still, 

the absence of timepiece toggling may allow the 

reopened circuit to enter lower-power modes. 

Advanced methods, such as multi-threshold 

CMOS (MTCMOS), may combine timepiece 

gating with power gating to further reduce static 

power. 

Clock Network benefactions timepiece gating 

reduces the exertion of timepiece buffers and 

motorists, lowering their stationary power 

donation by minimizing the regions kept 

completely active. 

Idle Module Leakage in ultramodern designs, 

leakage currents in idle modules still contribute to 

stationary power. Careful optimization of the 

reopened region's power state (e.g., lowering 

voltage or turning) is essential to alleviate this. 

 

 

C. Clock Gating 

 
Timepiece gating is an extensively used power- 

saving technique in VLSI circuits that reduces 

dynamic power consumption by disabling the 

timepiece signal in inactive circuit portions. This is 

achieved by fitting a gating sense, like AND, OR, 

or specialized latches, to control the timepiece 

signal grounded on the circuit's functional 

conditions. 

The primary advantage of timepiece gating is its 

capability to reduce gratuitous switching exertion, 

thereby minimizing power dispersion in 

coetaneous circuits. It's especially salutary in 

operations where certain circuit modules remain 

idle for extended ages. Still, careful perpetration is 

pivotal to avoid timepiece skew and timing 

violations, as these can impact the trustability and 

performance of the design. Overall, timepiece 

gating is essential for designing energy-effective 

VLSI systems, especially in movable and battery- 

operated bias. 
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D. METHODOLOGY 

 

A. LATCH-BASED CLOCK 

GATING DESIGN 

 
The latch-predicated timer gating fashion includes 

a block of position-sensitive ice to the plan to hold 

the empower flag from the dynamic edge of the 

timer to the dormant edge of the timer. Since the 

hook captures the state of the empower flag and 

holds it until the total timer beat has been created, 

the empower flag conditions are steady around the 

rising edge of the timer, fair as in the conventional 

ungated plan fashion. 

 

Fig1.Latch Based-clock gating 

 

B. ALU with negative Latch clock gating 

 

The yield of the negative hook is clarified in Figure 

1 as a gated clock (GCLK). The input flag, ‘En’, is 

given to the negative lock plan to accomplish the 

work of clock gating. Subsequently, when this En 

is set to 1, the yield of the (GEN) hook is 0. In this 

case, XNOR gives the yield flag (x) to 0 and gives 

the essential rationale for the clock creation of the 

controlling plan or lock. 

In addition, when another clock beat arrives, inside 

the taking after the clock, the (GEN) turns to 1 and 

in this way makes the moment rationale for the 

clock era. The moment rationale is planned as the 

AND entryway, which is the reason for (GEN) and 

the worldwide clock (CLK). 

The yield of the AND entryway is spoken to by the 

clock beat named (GCLK), and this flag underpins 

the target plan. As GEN is 1, x is to rise to 1. The 

OR entryway gives a yield (CCLK) as tall as 1 until 

'En' is moo (0). 

 

 

Fig2: ALU with negative latch 

 

 

 

C. RELATED WORK 
 

 

Fig3: Block diagram of ALU 

 

 

 

a. Arithmetic UNIT 

A computation sense Unit (ALU) is a critical 

element of digital circuits and processors, 

responsible for performing computation and logical 

operations. It serves as the core computational unit 

in CPUs, microcontrollers, and digital signal 

processors (DSPs). 

The ALU's functionality generally includes 

introductory computation operations (addition, 

deduction,  addition,  division)  and  logical 

http://www.ijsrem.com/
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operations (AND, OR XOR, NOT), with some 

designs also supporting advanced tasks like bit 

shifting and comparisons. 

 

Effective ALU design is pivotal for enhancing 

overall system performance, as it directly 

influences processing speed and power 

effectiveness. Advanced ALUs frequently integrate 

ways like pipelining and timepiece gating to 

optimize outturn and reduce energy consumption. 

In substance, the ALU is foundational to the 

operation of ultramodern digital systems, enabling 

a wide range of computational tasks. 

 

 

b. Circuit of ALU with clock gating 

 
The circuit of an ALU with timepiece gating 

combines the utility of a Math Rationale Unit 

(ALU) with a power-effective timepiece gating 

instrument. 

 

This plan empowers the ALU to perform different 

number-scraping and harmonious operations (like 

expansion, deduction, AND, OR, XOR, etc.), 

whereas the timepiece gating strategy minimizes 

energetic control application by crippling the 

timepiece flag to sit still corridor of the circuit. 

Crucial highlights include: 

 

Timepiece Gating Decreases redundant swapping 

movement in unused modules, making strides in 

vitality effectiveness. 

 

Modularity The ALU operations are controlled 

through multiplexers and determination 

explanation, guaranteeing rigidity and ease of 

integration. 

 

Power Effectiveness By combining timepiece 

gating with the ALU's characteristic utility, the 

circuit accomplishes lower control application 

without relinquishing performance. 

 

Coetaneous Plan Registers and hooks guarantee 

accompanied operation over the circuit, keeping up 

trustability. 

Overall, an ALU with timepiece gating is a 

fabulous arrangement for power-sensitive 

operations, like protean widgets and implanted 

fabrics, where both computational prosecution and 

vitality effectiveness are introductory. 
 

 

 

Fig4.ALU without clock gating. 
 

 

 
Fig5: ALU with clock gating. 

http://www.ijsrem.com/
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a. Opcode (control signal) 

 
Opcode [2:0] selects the operation to be performed 

by ALU. 

 

000 for addition. 

 

001 for subtraction. 

 

010 for AND. 

 

011 for OR. 

 

100 for XOR. 

 
101 for NOT. 

 
110 for the left shift. 

 
111 for the right shift. 
 

 

b. Waveforms 
 

 

 

 
Fig 6. ALU without clock gating 

 

 

 

 

 

 

 

 

 

Fig 7. ALU with clock gating 

 

c. Key features 

 
Modular Design: Each operation (ADD, SUB, 

MUL, etc.) is implemented as a separate RTL block 

for simplicity and modularity. Control Through 

Opcode: The 3-bit opcode provides flexibility to 

choose between multiple operations. 

Clock Gating: The use of clock gating reduces 

unnecessary switching activity, leading to better 

power efficiency. 

Latching Outputs: The use of registers ensures the 

output remains stable and synchronized with the 

clock signal. 

 

 

E. RESULTS AND POWER 

ANALYSIS 

 

Fig 8. ALU without clock gating 
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Fig 9. ALU with clock gating. 

 

 

F. CONCLUSION 

 
The 8-bit ALU plan is a flexible and productive unit 

competent in performing essential math and 

coherent operations. The incorporation of clock 

gating optimizes control utilization, making it 

appropriate for low-power applications. The 

measured design permits a simple extension to 

bolster extra operations or higher-bit inputs. This 

ALU can serve as a crucial building piece for 

processors, microcontrollers, and FPGA-based 

designs. 

 

The RTL approach is introductory since 

masterminds as a run the show affirm control as it 

were at the hall position and any change to the 

RTL needs numerous arrange cycles to drop 

control. The RTL course of action in this way 

saves weeks of trouble by settling empirical 

control issues up-front. 

 

The RTL rendering step is not as well early in the 

arranged sluice to address control operation 

optimization. For each source of operation and 

each kind of progressed square, applicable courses 

of action can be executed. In detriment of the 

verity that the offer behind a multitudinous of 

these procedures can be complex, they are 

continually straightforward to execute. RTL 

creators should be aware of these procedures and 

use their data of the figure not as it were to 

optimize the speed censure but too to drop 

insignificant switching exertion. 

Key Takeaways: 

 
• The design supports eight operations 

controlled via a 3-bit opcode. 

• Clock gating ensures efficient power usage. 

• Registers ensure stable and synchronized 

outputs. 

• Tools like Quartus Prime Lite Edition 

provide an ideal platform for design, 

simulation, and FPGA implementation. 
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