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The digital integrated circuits (ICs) are becoming increasingly complex as technology 
advances daily. Conventional digital ICs often suffer from high transistor counts, large 
chip areas, and increased power consumption during implementation. Maintaining these 
parameters at appropriate levels is essential to ensure the efficiency and sustainability of 
semiconductor technologies. This research proposes a technique using a CMOS 
transistor and a transmission gate to develop an optimized integrated circuit (IC). It 
presents a transmission gate approach to replace the existing CMOS implementation in 
commercially available ICs. Additionally, it introduces a method for reducing leakage 
power through an improved physical design of a laydown sleep transistor that utilizes 
the Antileak method. A digital logic circuit of a half-adder cell is implemented using both 
the conventional CMOS method and the proposed hybrid technique. Comparing the 
results from both methods, it is evident that the proposed approach is significantly better 
in terms of cost, power, and area performance. The Antileak laydown sleep transistor 
reduces leakage power and helps lower overall power consumption. Therefore, the 
proposed technique for digital ICs offers low-cost, energy-efficient, and area-optimized 
solutions, supporting sustainability in the semiconductor industry and serving as a viable 
alternative for future IC development. 
 

Contribution/Originality: This study offers a novel contribution to the semiconductor industry by maintaining 

the yield of the product. The study employs a novel technique to minimize chip area and power consumption while 

comparing it with other conventional methods. The paper’s primary contribution is to establish a reasonable matrix 

that reduces power consumption and area and improves yield. 

 

1. INTRODUCTION 

The complementary Metal-Oxide-Semiconductor (CMOS) technique is always a dominant method for 

developing Very Large-Scale Integration (VLSI). The CMOS transistor has always existed in ICs as an integral part 

for several decades. Since the invention of integrated circuits (ICs), reducing the number of transistors has been 

necessary and has consistently posed a significant challenge for researchers. As technology improves, the transistor 

count in ICs increases from thousands to millions [1]. Handling such a dense transistor IC becomes complicated 

when trying to achieve low cost and high performance [2]. Therefore, it becomes essential to maintain a reasonable 

characteristic between transistor count and performance in power, speed, and cost. To achieve this, current research 

aims to enhance the existing method at the physical design level by reducing the transistor count in the IC and 
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improving performance. The CMOS transmission gate replaces the CMOS transistor implementation method for 

developing the VLSI chip. The memory and other logic components of very-large-scale integration (VLSI) systems 

occupy a large area and consume more power. Therefore, designing hardened components for various blocks with 

low cost and high performance has gained much importance [3]. Conventionally, the hardening methods of time 

redundancy and modular redundancy are commonly used for easy design to attain considerable hardware, power, and 

performance concerns. The research [4] uses a C-element filter hardening method for sequential circuits. This 

method of filtering requires a single-event transient pulse, but determining pulse width is challenging. Furthermore, 

feedback control systems cause increased power and complexity in the design [5]. This unwanted pulse is masked by 

the method of the Schmitt trigger (ST) buffer with hysteresis characteristics [6, 7]. Complementary metal-oxide-

semiconductor (CMOS)-based devices, with a minimum feature size of 20 nm to 40 nm, dominate advanced VLSI chip 

fabrication. The scaling of very-large-scale integration (VLSI) technology increases transistor counts in ICs and chip 

density. The high density of integrated circuits (ICs) results in extensive interconnections, which enhance capacitive 

coupling among them, creating new opportunities and challenges for engineers to address. 

Therefore, to tackle these discussed issues, this research proposes a CMOS implementation using a transmission 

gate to reduce transistor count and a hardened components approach for a low-cost, high-performance VLSI design 

approach for IC fabrication. The methods in the research [8-11] are presented by CMOS transistor implementation. 

Whereas power consumption, delay, and crosstalk have been tackled in the research [12-16]. The research [17-23] 

investigates power reduction methods using LECTOR and other techniques. These conventional methods use large 

transistors with external sleep signals. The leakage is cut only during explicit sleep mode, and their delay and 

overhead area are greater compared to the proposed small transistor pair with very negligible switch time. We have 

further reduced the transistors and improved performance at an acceptable level compared with existing methods. 

The processing of the circuit estimates the physical level design and layout at different layers, and the effects of 

crosstalk, delay, and noise with leakage current have also been reduced. 

The half-adder cell in this research study is implemented with only eight transistors. As the transmission gate is 

a known approach, the implementation of the 8T half-adder cell demonstrates a notable level of design efficiency. 

Other methods use more transistors to implement the same circuit. Modern chip designs integrate millions to billions 

of transistors on a single chip; therefore, reducing the number of transistors by even a few can significantly impact 

overall performance and results. Consequently, in this research, we strive to maintain the transistor size as reasonably 

as possible to achieve the desired functioning. We carefully construct the transistors according to design rules during 

the fabrication process. Furthermore, we extend the research by proposing the Antileak technique, which uses a lay-

down sleep transistor to limit leakage power. The main objective of the research is to reduce power consumption in 

digital circuits by decreasing the number of hardware components. Additionally, the research aims to develop a 

technique that reduces leakage power using an antifuse method, which will contribute to maintaining a sustainable 

industrial environment. 

The rest of the paper is structured as follows: Section 2 covers the methodology. Section 3 presents experimental 

results and comparisons with existing methods. Section 4 discusses the discussion, and Section 5 outlines the 

conclusion and future scope. 

 

2. LITERATURE REVIEW 

The advancements in IC technology are characterized by features such as low area, reduced power, and high-

performance efficiency. It always becomes a challenge for the semiconductor industry to maintain these 

characteristics. Low-power digital circuit design has emerged as a pivotal field of study as CMOS technology advances 

into deep-submicron domains, where leakage power and reliability challenges increasingly affect system performance. 

A commonly used digital logic as a more fundamental building block is an adder cell, which is used in recent high-
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end processors and other logic designs. Consequently, numerous studies have focused on optimizing the transistor-

level implementations of adder cells for power efficiency, area reduction, and fault tolerance. 

Azimi, et al. [24] examined a radiation-hardened CMOS full adder by implementing selective transistor 

duplication at the layout level to enhance resilience against soft-error occurrences, illustrating the significance of 

transistor-level modifications in improving circuit reliability at advanced technology nodes, albeit with some area 

overhead and delay penalty [24].  

Similarly, El-Maleh, et al. [25] studied defect-tolerant structures and developed a compact N²-transistor 

configuration aimed at making nanoscale digital design more fault-tolerant. The work demonstrates that transistor-

efficient architectures remain a primary goal as process variations and leakage currents increase with technology 

scaling [25]. The research continued to build on architectural improvements and also explored ways to reduce power 

consumption in arithmetic circuits, such as adders; for instance, John [26] designed a power-efficient Kogge–Stone 

adder by use of an OR gate optimized for the 45 nm CMOS process, which highlights the importance of gate-level 

and device-level refinements in decreasing overall dynamic and static power consumption in high-performance adder 

circuits [26]. 

Even though the transistor count is reduced by some research, the leakage static power remains a major 

challenge, especially while dealing with a nanoscale chip design. The problem was therefore addressed in several 

studies by combining pass-transistor and TG logic approaches with some other power-lowering methods, such as 

gating and threshold-voltage selection. For instance, a work from 2024 talks about a complete adder that uses a 

modified swing-restored complementary pass-transistor logic to cut down on power loss while retaining performance 

[27]. Another study of low-voltage full adder designs shows that trade-offs in design often mean finding a balance 

between the number of transistors, driving output ability, and the power reduction procedures (Short circuit, limit 

leakage, etc.) [28]. 

There is also a growing interest in combining logic-style efficiency with ways to stop leakage, like power-gating 

or leakage-control transistors. In this context, this research study suggests a half adder design implementation with 

only 8 transistors that employs transmission-gate logic and the LECTOR anti-leak approach to stop leaks without 

external sleep signals.  

The presented method differs from regular power-gating techniques that use large pull-up and pull-down 

transistors at the block level to achieve the desired goal. Instead, it uses a LECTOR method that employs a small 

leakage-control transistor inside the logic network itself to prevent leaks in the circuit. This way, at least one 

transistor in the leakage path remains close to cut-off for any input combination, which dynamically lowers static 

leakage and provides significant power reduction while enabling large-scale applications. 

This design method fits with the trend of combining hybrid logic with ways to prevent leakage as IC complexity 

increases. Previous studies have shown that hybrid-logic full adders are useful. For instance, Kandpal, et al. [10] 10-

T XOR–XNOR–based hybrid logic full adder works quickly and uses transistors efficiently [29]. These designs 

demonstrate that compact, pass-transistor/TG-based adders can function effectively; however, they often neglect to 

address methods for minimizing leakage through internal control transistors such as LECTOR. 

The proposed study presents an innovative contribution by incorporating LECTOR into a minimal TG-based 

half adder, achieving a unique synergy of logic-level efficiency (8T TG design) and transistor-level leakage control. 

This results in a substantial reduction in static power without compromising output swing or significantly increasing 

the transistor count. Based on the studies mentioned above and our research, it is clear that combining compact logic 

styles (like TG and hybrid logic) with leakage-control methods (like LECTOR) is a promising way to design 

arithmetic circuits for VLSI systems that use a lot of power and have high density. This approach is especially relevant 

for contemporary CMOS process nodes, where leakage is a significant problem. 
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3. METHODS 

CMOS (Complementary Metal-Oxide-Semiconductor) technology is the most significant aspect of current chip 

design because it uses very little power, is particularly resistant to noise, and can be scaled up or down to fit millions 

to billions of transistors on a single chip. Digital logic circuits, memory devices, and microprocessors heavily utilize 

it. The key advantages of CMOS are that it requires less static power and can cram many circuits into a small space. 

This enables the creation of smaller and more power-efficient electronic systems. As device sizes shrink and human 

behavior becomes more dependent on these devices, new challenges arise that force CMOS technology to operate 

smoothly under increased load and hardware demands. As technology advances, maintaining the short channel length 

and managing leakage current limitations become increasingly challenging. In this research, we aim to reduce the 

hardware in the CMOS circuit to minimize its size and power consumption. The methodology also aims to reduce 

leakage power. The half-added cell is considered for experimental purposes. 

In this research, we have implemented a half-adder cell using a compact 8-transistor CMOS model that combines 

transmission-gate logic with the LECTOR anti-leakage technique. The transmission-gate structure minimizes the 

transistor count without affecting the logic level swing, and the LECTOR method is responsible for the self-leakage-

control transistors within the pull-up and pull-down paths to suppress subthreshold leakage without external sleep 

signals. whereas the previous studies primarily focus on reducing transistor count or improving speed using hybrid 

or pass-transistor logic. The proposed model simultaneously addresses logic-level efficiency and continuous leakage 

reduction to improve the performance, efficiency, and cost reduction in digital ICs. Implementation and validation 

using the Microwind tool further demonstrate lower power dissipation compared to conventional CMOS and 

previously reported half-adder designs, as demonstrated in the results section. 

 

3.1. Half-Adder Cell in CMOS 

The half-adder cell is implemented on CMOS 0.12 µm technology. It is implemented in CMOS logic by using a 

proposed CMOS transistor with a transmission gate approach. The block diagram of the half-adder is shown below. 

The circuit has two inputs, A and B, and two outputs, sum and carry, with a single XOR gate and a single AND gate, 

as shown in Figure 1. We compare the transistor count, power consumption, and various delays of the half adder cell 

using these two methods. 

 

 
Figure 1. Half-Adder Cell. 

 

 
Figure 2. Half Adder CMOS (DSCH3.8). 



Review of Computer Engineering Research, 2026, 13(3): 86-100 

 

 
90 

© 2026 Conscientia Beam. All Rights Reserved. 

Figure 2 Half-Adder CMOS the conventional method of CMOS implementation of the Half-Adder Cell consists 

of one XOR gate and one AND gate. The XOR gate is implemented using two inverters and AND-OR logic, and it 

uses a total of 12 transistors. The AND gate is implemented using NAND and an inverter, and it uses six transistors. 

Therefore, this half-adder cell uses a total of 18 transistors. The schematic diagram is shown in Figure 2, which uses 

the DSCH3.8 tool. 

CMOS Implementation of a Half-adder cell. 

Pull-up network. 

Sum= AB’+A’B. 

Carry = AB= NOT (AB)’. 

Pull-down network. 

Sum’=A’B’+AB. 

Carry’= A’+ B’. 

 

 
Figure 3. Layout Design of Half Adder Using CMOS (Microwind). 

 

Simulations of the circuit are carried out and are placed in the Results section. The layout is designed for the 

half-adder cell on Microwind 3.8 tool and is shown in Figure 3. It is designed on 0.12µm technology; the power 

consumption and the delays are also calculated. 

 

3.2. Development of the Half-Adder Cell using the Proposed Technique 

In this method, we proposed a half-adder cell using CMOS transistors and the transmission gate. We implement 

an XOR gate and one AND gate in this research with only eight transistors. Figure 4 shows the circuits, which use 

one transmission gate, two inverters, and two additional transistors. One XOR gate and one AND gate are 

implemented using only eight (8) transistors. Using the proposed implementation method, we reduced ten transistors 

if we compare with the conventional method of CMOS implementation and six transistors with the implementation 

of the transmission gate and an AND gate. The layout is also developed on the Microwind tool and is shown in Figure 

5. The functional waveforms are developed in the results section. The proposed method of developing logic design 

will have more impact when we address digital systems where millions of transistors are used to implement the circuit 

or the system. As a result of this approach, the chip area will significantly reduce, which will help minimize power 

consumption and delay in the overall system. 
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Figure 4. Proposed half-adder cell (DSCH3.8). 

 

 
Figure 5. Layout design of half adder using transmission gate (Microwind). 

 

4. RESULTS 

The Microwind tool is used in this research study to develop the results. The reason for using these tools is that 

our objective is to demonstrate the feasibility and proof of concept of the proposed design methodology. However, we 

can develop the results on more sophisticated industrial tools to further enhance performance. Both the CMOS 

implementation and the CMOS circuit by the proposed method using a transmission gate are developed in 0.12 µm 

technology using the Microwind 3.8 tool. The layout's obtained surface area, height, and width are compared. The 

output results for both the normal and transmission gate approaches and the proposed method are obtained on the 

Microwind tool and are shown in Figure 6, Figure 7, and Figure 8, respectively.  

 

 
Figure 6. Normal CMOS Implementation. 
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Figure 7. Half Adder cell using transmission gate approach. 

 

 
Figure 8. Proposed Half Adder cell approach. 

 

The output functional waveform received on the Microwind tool by considering the input A and B and the outputs 

SUM and Carry are shown in Figure 9. The stimulus pulses are applied to both the inputs, and the output is recorded. 

Similarly, we can implement the full adder circuit by using these half adder cells. The full adder cell using two half 

adders and one OR gate logic implemented. The simulation output of the full adder cell is shown in Figure 10. 

 

 
Figure 9. Output waveform of half adder using proposed method. 
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Figure 10. Full adder cell simulation result. 

 

The comparison between the three methods is summarized in Table 1. All three designs are developed on 0.12µm 

technology, and the Microwind tool has made a comparison of results. It is clearly seen from the results that the 

proposed method has a significant impact on the area (number of transistors), and thereby on various delays and 

power consumption when compared with traditional methods. 

 

Table 1. CMOS, Transmission gate, and proposed method results on Microwind tool (CMOS 0.12 µm Technology). 

Parameters  CMOS LOGIC Transmission gate 
approach 

Proposed method 

Surface(area) 226.8µm2 (0.0 mm2) 62 µm2 (0.0 mm2) 53.1µm2 (0.0 mm2) 
Height of layout 8.4µm2 (140 lambda) 7.4µm2 (124 lambda) 6.6µm (110 lambda) 
Width of layout 27.0µm2 (450 lambda) 18.4µm2 (306 lambda) 8.0µm2 (134 lambda) 
Power Consumption 90.004μW 35.58μW 3.867μW 
Number of Electrical nodes 14 10 9 
Number of Transistors 9nMOS + 9pMOS ----➔18 6nMOS + 6pMOS ----➔12 5nMOS + 3pMOS ----➔8 

 

It seems from the results that the total number of transistors used in the case of CMOS logic is 18, and using a 

transmission gate, 12 transistors. The same logic is implemented by the technique in this research with one 

transmission gate, two inverters, and one AND gate, using a total of 8 transistors only. The layout design of this 

proposed method is shown in Figure 11. The power consumption is also reduced significantly, which will have more 

impact on system design where millions of transistors can be used. The proposed method uses five NMOS and three 

PMOS transistors to implement the half-adder cell. The length and width of these transistors, and thereby the area 

of the transistors, are computed and shown in Table II. The proposed transmission gate method has less area and 

consumes less power than the regular CMOS circuit for small circuits like a half adder. It will have a greater impact 

when the design becomes more complex. Transistor sizes for the CMOS logic, transmission gate logic, and proposed 

method cases are compared as the comparison result is tabulated in Table 2. 
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Figure 11. Layout Design of the proposed Half Adder cell (Microwind). 

 

Table 2. Transistor size for the proposed method using transmission gate. 

MOS W 
(µm) 

L 
(µm) 

W 
(Lambda) 

L 
(Lambda) 

Type Area µm2 

N1 0.61 0.12 10 2 Low leakage 0.0792 
N2 0.320 0.12 7 2 Low leakage 0.0504 
N3 0.20 0.12 4 2 Low leakage 0.0288 
N4 0.20 0.12 4 2 Low leakage 0.0288 
N5 0.20 0.12 4 2 Low leakage 0.0288 
P1 0.710 0.12 11 2 Low leakage 0.0864 
P2 0.710 0.12 11 2 Low leakage 0.0864 
P3 0.710 0.12 11 2 Low leakage 0.0864 

 

The implementation of the circuits by the various methods in the existing work is compared with the proposed 

method for area, power, and delay. We implemented the cited works [24-26] using the same tool and similar 

specifications, allowing us to compare the results. The power, Delay, and area values received on the tool after 

simulation of the design. The comparison results in terms of the transistor count, power consumption, and delay are 

shown in Table 3. 

 

Table 3. CMOS vs Transmission gate results on Microwind tool. 

Method Transistor count Power consumption (µw) Delay ps Area µm2 

Proposed Method 8 3.867 106 53 
Transmission gate 12 35.58 276 62 
Transistor Duplication 
method [24] 

18 48.09 456 153 

CMOS implementation [25] 18 123 1965 457 
CMOS method [26] 18 59.32 693 256 

 

Power consumption and delay are computed, and it helps in finding the Power-Delay Product (PDP). Efficiency 

and performance are evaluated through the widely used PDP matrix. It is represented as the product of the power 

consumption (P) and the propagation delay (D) of a circuit. The comparative results on the PDP matrix are given in 

Table 4. 

PDP [femtojoules (fJ)] = P [Power consumption (µw)] * D [Delay (ps)] 
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Table 4. Power-Delay Product (PDP) matrix for the proposed and other existing methods. 

Method Transistor count Power consumption (µw) Delay ps PDP fJ 

Proposed Method 8 3.867 106 0.41 
Transmission gate 12 35.58 276 9.82 
Transistor Duplication 
method [24] 

18 48.09 456 21.9 

CMOS implementation [25] 18 123 1965 242 
CMOS method [26] 18 59.32 693 41.1 

 

4.1. Power Reduction Using the Proposed Method 

Further, this research has been extended to limit leakage power. We also proposed a novel power reduction 

technique by limiting leakage in CMOS circuits. The leakage reduction is achieved through a proposed Antileak 

laydown method with a single bottom sleep PMOS transistor. However, the bottom sleep PMOS can be replaced by 

an NMOS transistor. This power reduction method can also be applied to FinFET devices. The study's half adder 

circuit uses one XOR gate, one NAND gate, and one inverter. To understand the concept of leakage reduction, we 

applied the technique only to the NAND gate cell; however, it can be applied to the entire circuit to reduce leakage 

and decrease power consumption in CMOS implementation. 

The method is applied on the NAND gate as it is considered to perform the experiments. The CMOS NAND 

gate, a normal CMOS NAND gate is shown in Figure 12 (a), and the proposed Antileak method with a sleep bottom 

PMOS transistor of the NAND cell, is shown in Figure 12 (b). 

We have examined the power consumption of the NAND circuit for the cases of the traditional CMOS method, 

with the lector method, and with the proposed technique of sleep bottom PMOS. And the obtained output results are 

tabulated in Table 5. 

 

 
(a) 

 
 (b) 

Figure 12. Power reduction circuits for (a) Normal CMOS NAND Gate, (b) CMOS NAND Gate by proposed Antileak PMOS laydown sleep 
transistor cell.     
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Figure 13. Layout view of the proposed method applied to a NAND gate. 

 

In deep-submicron CMOS technologies, leakage power, especially subthreshold leakage when transistors are 

"off" becomes a major concern. Proposed antileak and sleep transistors can prevent such issues. In a proposed CMOS 

NAND circuit, an extra pair of small PMOS and NMOS transistor switches are inserted between the pull-up and 

pull-down networks. The gates of these inserted transistors are controlled by the internal nodes of the circuit itself, 

not an external sleep signal, with a very low switching time. This ensures that, in any input combination, at least one 

of the leakage control transistors is always near its cutoff region, increasing resistance in the leakage path and 

suppressing leakage even during active mode. However, a PMOS or NMOS transistor at the bottom disconnects the 

circuit from the supply or ground during idle periods to avoid further leakage problems. When the circuit enters sleep 

mode, the transistor turns off, cutting the leakage path. Thus, it can suppress leakage at all times, even during active 

and sleep modes. 

We have examined the power consumption of the NAND circuit in the cases of the traditional CMOS method, 

the lector method, and the proposed technique of sleep- bottom PMOS. The power analysis has been conducted by 

considering the supply voltage range from 0.1v to 1v in the steps of 0.1v with the fixed output load capacitance, 

ensuring a typical fan-out condition. The obtained output results are tabulated in Table 5. 

 

Table 5. Result comparison for the NAND gate power consumption for the normal, lector, and proposed Antileak laydown sleep PMOS cell. 

NAND gate power consumption n watts 

Supply Voltage Normal CMOS LECTOR Proposed 

1 500 320 225 
0.9 432 136 87 
0.8 394 89.6 27 
0.7 313 27.7 4.3 
0.6 289 13.8 2.8 
0.5 207 3.7 1.7 
0.4 167 1.73 0.75 
0.3 89 0.96 0.098 
0.2 52 0.32 0.002 
0.1 0.45 0.09 0.006 

 

The Antileak laydown circuit with bottom sleep NMOS or PMOS layout is obtained by processing different 

layers on the wafer and is shown in Figure 13. The power consumption is significantly reduced in the proposed 
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method compared to conventional methods. The comparison graph of the power consumption by the proposed and 

the other conventional methods is shown in Figure 14. 

 

 
Figure 14. Power consumption graph for the proposed and conventional methods. 

 

5. DISCUSSION 

This research proposes a significant method for digital circuit implementation for low-power, low-cost electronic 

devices to maintain the sustainable semiconductor industry. The CMOS circuit, which was implemented to reduce 

the transistor count and consequently lower both hardware costs and power consumption, was compared to other 

conventional methods. The implementation of the CMOS circuit takes the example of a half adder cell, and a NAND 

gate is included to enhance leakage current performance. The results are compared with the methods [8-11, 24-26] 

that use CMOS circuits for the hardware count reduction in terms of the transistors used to implement it. Azimi, et 

al. [24]; El-Maleh, et al. [25] and John [26] proposed the design using 18 transistors to implement the same logic 

that was implemented in this research study by using only 8 transistors by TG logic. Therefore, this design 

significantly reduces both area and cost. 

The leakage current reduction is also attempted to be reduced by its proposed antileak method using the laydown 

sleep transistor. The results obtained from the proposed method to reduce the leakage current are compared with 

those from methods [17-20, 24-26] and the proposed method shows a significantly better performance in terms of 

leakage current reduction. The paper compares power consumption, delay, and area to conventional methods. The 

obtained results are significantly better in terms of power consumption. When comparing these results with those 

from the transistor duplication method and the CMOS implementation method, the advantage is attributed to the 

proposed antileak method, which limits leakage current and drop in power by 50% by the CMOS method and around 

30% by the conventional LECTOR method. By using a small pair of PMOS-NMOS switches that have very low 

switching times and occupy minimal area, the results obtained by this method in the results section show significant 

improvements in both area and delay due to the fast switching, self-control gate, and compact size. The comparison 

results are tabulated, targeting the area, power, and delay. Based on the obtained results, the proposed method plays 

a significant role in enhancing technology and contributes to maintaining a sustainable semiconductor market. 
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6. CONCLUSION 

This paper presents the method of CMOS circuit design using the transmission gate for a half-adder circuit. This 

research method reduces the transistor count in the circuits, which in turn decreases the area of the chip while 

maintaining the circuits' functionality. To address leakage power, the design integrates an Antileak (LECTOR) 

technique using a pair of self-controlled PMOS–NMOS transistors, which effectively suppress subthreshold leakage 

without requiring external sleep control signals. Simulation results demonstrate improvements in power 

consumption and area, with acceptable delay characteristics, when compared with conventional CMOS 

implementations. The current study is limited to a planar CMOS technology and focuses on a cell-level digital circuit, 

such as a half-adder. The study did not address advanced technology scaling, interconnect parasitics, or large-scale 

integration. Future work will extend this design methodology to FinFET-based and sub-7-nm technology nodes and 

may evaluate its performance when integrated into larger arithmetic units and RISC-V processor blocks, enabling a 

comprehensive assessment of scalability, power efficiency, and delay at the system level. 
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