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Abstract. Full adders are fundamental components of arithmetic circuits that
perform binary addition. However, conventional full adder designs consume a
significant amount of power, which limits their applications in low-power devices.
This paper proposes alow power full adder design that uses the LECTOR technique
to reduce the power consumption and improve the performance. The LECTOR
technique employs a logic effort-based approach to optimize the transistor sizes
and the gate-level structure of the full adder. We implement a 1-bit full adder
using the LECTOR technique and compare it with other existing designs in terms
of power, delay, and power-delay product. The results show that our proposed
design achieves up to 40% reduction in power, 25% reduction in delay, and 55%
reduction in power delay product compared to the conventional CMOS design.
Our design offers a promising solution for low-power arithmetic circuits in various
applications. This new full adder design brings a refreshing breeze of efficiency
to the world of binary math, promising a brighter future for low power devices.
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1 Introduction

In the ever-evolving landscape of electronics, the pursuit of efficiency and performance
has become paramount, driven by the incessant demand for devices that not only respond
swiftly but also consume minimal power. At the heart of this quest lies the full adder, a
quintessential component in arithmetic circuits, pivotal in executing operations ranging
from simple addition to complex convolution and multiplication tasks [1]. Tradition-
ally, full adder designs have traversed two main paths: static and dynamic styles, each
offering distinct advantages and trade-offs [2]. While static designs provide stability and
efficiency with lower energy consumption, dynamic variants excel in swiftly adapting
to load changes while minimizing static power usage.
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The pursuit of low-power Very Large Scale Integration (VLSI) design has intensi-
fied in recent years, spurred by the burgeoning array of portable and battery-powered
devices. Key to this endeavor is the optimization of crucial circuit parameters such as
power consumption and delay. In the realm of CMOS circuits, power dissipation is
primarily influenced by factors including switching activity, transistor dimensions, and
node capacitances [3, 4]. While techniques like Multi Threshold CMOS (MTCMOS)
and Forced Transistor Stacking have been deployed to mitigate leakage currents, they
often present challenges such as increased dynamic power or latency penalties [5].

Amidst this backdrop, the LECTOR method emerges as a beacon of innovation,
promising a paradigm shift in the realm of low-power circuit design. By introducing
controlled leakage transistors and optimizing power consumption through efficient tran-
sistor stacking along the supply voltage and ground, the LECTOR technique offers a
compelling solution to the perennial challenge of power optimization in logic circuits [6,
7]. This methodological approach not only holds the potential for substantial reductions
in power usage but also boasts enhancements in overall circuit performance.

The crux of the LECTOR technique lies in its utilization of a logic effort-based
approach to tailor transistor sizes and gate-level structures, thereby striking an opti-
mal balance between power consumption and performance. By judiciously integrating
controlled leakage transistors into the circuit topology, the LECTOR technique enables
precise management of power dissipation, ushering in a new era of energy-efficient arith-
metic circuits [8, 9]. The implications of such advancements extend far beyond mere
power savings, permeating into realms of extended battery life, reduced heat dissipation,
and enhanced operational longevity of electronic devices.

The low power adder design is contributes directly to the advancement of both com-
puting and cyber systems. Cognitive computing involves the development of systems
that mimic human thought processes through advanced algorithms and data analytics,
while cyber-physical systems integrate computational elements with physical processes
to enable real-time decision-making and control. Our study addresses the critical aspect
of power efficiency in digital circuits, which is indispensable for the deployment of
energy-efficient cognitive computing systems and the seamless integration of compu-
tational elements into physical environments. By introducing the Lector Technique for
adder circuit design, we not only achieve significant reductions in power consump-
tion but also enhance the overall performance and reliability of digital systems. This
paper underscores the essential connection between power-efficient circuit design and
the broader objectives of cognitive computing and cyber-physical systems, highlighting
the significance of our research in advancing these interdisciplinary fields.

In this paper, we present a comprehensive exploration of the LECTOR technique,
delving into its theoretical underpinnings, practical implementation, and empirical vali-
dation through extensive experimentation. Through the design and implementation of a
novel full adder circuit utilizing the LECTOR technique, we aim to elucidate its efficacy
in achieving significant reductions in power consumption while concurrently enhanc-
ing circuit performance. Furthermore, we demonstrate the scalability of our approach
through the construction of higher-order arithmetic circuits, underscoring its versatility
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and applicability across a spectrum of real-world scenarios. As we embark on this jour-
ney towards a more energy-efficient future, the LECTOR technique stands as a testament
to the indomitable spirit of innovation driving the evolution of electronic systems.

2 Power-Efficient Strategies for Adder Circuit Design

The design of low-power adder circuits is a critical endeavor in modern electronic sys-
tems, where energy efficiency is paramount for extending battery life, reducing heat
dissipation, and enhancing overall device performance [10, 11]. This section outlines
the essential requirements and considerations for developing low-power adder circuits,
laying the groundwork for the subsequent discussion and analysis of proposed design
methodologies.

Power Efficiency: The foremost requirement for a low-power adder circuit is to mini-
mize power consumption while maintaining adequate performance levels. This necessi-
tates a holistic approach to circuit design, encompassing both static and dynamic power
dissipation components [12]. Techniques such as leakage current optimization, transis-
tor sizing, and gate-level optimization play a crucial role in achieving power efficiency
without compromising on functionality [13].

Performance Trade-offs: Balancing power efficiency with performance metrics such
as speed and area utilization is another key consideration in adder circuit design. While
reducing power consumption is desirable, it should not come at the expense of increased
delay or area overheads. Striking an optimal balance between power, delay, and area
constraints requires careful architectural choices and optimization strategies tailored to
the specific application requirements [14].

Technology Scaling: As semiconductor technology continues to scale down, leverag-
ing advanced fabrication processes becomes essential for achieving low-power oper-
ation [15]. Design techniques compatible with modern CMOS technologies, such as
FinFETs and nanoscale fabrication nodes, offer opportunities for further power optimiza-
tion through reduced supply voltages, improved transistor characteristics, and enhanced
process variability control [16, 17].

Robustness and Reliability: Ensuring robustness and reliability in low-power adder
circuits is paramount to guaranteeing correct operation under varying environmental
conditions and input signal conditions [18]. Techniques such as error detection and
correction, redundancy, and robust design methodologies help mitigate the impact of
process variations, temperature fluctuations, and voltage noise on circuit performance,
thereby enhancing overall reliability [19, 20].

Scalability and Flexibility: Low-power adder circuit designs should be scalable and
flexible to accommodate diverse application requirements and evolving technology
trends. Modular design approaches, parameterizable architectures, and adaptable opti-
mization techniques facilitate easy integration into larger systems and enable seam-
less migration across different technology nodes, ensuring long-term viability and
compatibility [21].
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All in all, the design of low-power adder circuits necessitates a comprehensive
understanding of power efficiency, performance trade-offs, technology scaling, robust-
ness, reliability, scalability, and flexibility considerations [22-24]. By adhering to these
requirements and leveraging innovative design methodologies and optimization tech-
niques, it is possible to develop adder circuits that not only minimize power consumption
but also meet stringent performance and reliability standards, thereby paving the way
for the realization of energy-efficient electronic systems [25].

3 Design and Implementation of Adder Using LECTOR Technique

The proposed full adder design represents a novel approach to addressing the longstand-
ing challenge of power consumption in conventional full adder circuits. [llustrated in
Fig. 1, our design encompasses three distinct modules, each meticulously crafted to opti-
mize both power consumption and performance. Module 1 serves as the cornerstone of
our design, integrating XOR-XNOR logic augmented with strategically placed leakage
transistors. This innovative configuration not only facilitates efficient signal processing
but also enables precise control over power dissipation, thereby laying the foundation
for enhanced energy efficiency.

Building upon the foundation laid by Module 1, Modules 2 and 3 specialize in the
generation of the sum and carry outputs, respectively. Module 2 harnesses the power
of pass transistor logic to compute the sum output, leveraging the inputs from Module
1 along with an additional signal ‘c’. By judiciously exploiting the principles of pass
transistor logic, we achieve a streamlined computational process that minimizes power
overheads without compromising on output accuracy or speed. Similarly, Module 3 is
dedicated to the generation of the carry output, employing a similar logic structure as
Module 2 to ensure coherence and consistency across the entire design.

Central to the efficacy of our proposed full adder design is its holistic approach
towards power optimization, which transcends traditional paradigms to deliver tangible
benefits in terms of both power consumption and performance. By seamlessly integrating
leakage transistors into critical circuit modules and leveraging pass transistor logic for
output computation; our design represents a paradigm shift in the realm of low-power
circuitry. Through empirical validation and comparative analysis, we demonstrate the
superiority of our design over conventional CMOS implementations, showcasing sub-
stantial reductions in power consumption coupled with commendable improvements in
delay and power-delay product metrics. The sum and carry are given by Egs. 1 and 2.

sum =A® B Ciy, (D

Carry = Cin(A @ B) + AB )

where A, B are the inputs of the full adder
Cin is the carry-in of the full adder
Sum is the sum output of the full adder
Carry is the carry output of the full adder
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Module 1
XOR-XNOR
CMOS Logic

., A4

Module 2 Sum out Module 3 Carry out
Sum Logic Circuit - Carry Logic Circuit

Fig. 1. Modules of proposed full adder with lector technique

In Module 1 of the adder circuit design utilize XOR-XNOR CMOS logic to perform
essential computational tasks. This logic scheme comprises a combination of XOR
and XNOR gates, which are fundamental to arithmetic operations such as addition and
subtraction. To implement this logic, we employ a network of complementary metal-
oxide-semiconductor (CMOS) transistors, each carefully configured to either pull the
output signal up (PU network) or pull it down (PD network) based on the input conditions.

In the PU network, transistors p1, p2, p3, and p4 are arranged to form a pull-up net-
work. These transistors are typically p-channel MOSFETs (metal-oxide-semiconductor
field-effect transistors) and are controlled by the input signals to generate the desired
logic output. Similarly, in the PD network, transistors nl, n2, n3, and n4 constitute a
pull-down network. These transistors, usually n-channel MOSFETS, are responsible for
pulling the output signal down to ground based on the input conditions. Together, these
PU and PD networks form the foundation of the XOR-XNOR CMOS logic, ensuring
accurate computation of intermediate signals within Module 1.

To address the issue of leakage power, two additional leakage transistors, L1 and L2,
are strategically placed between the PU and PD networks. These leakage transistors act
as buffers, optimizing the output signals while minimizing leakage current flow when
the circuit is in idle or standby mode. By strategically positioning L1 and L2 between
the pull-up and pull-down networks, we can effectively control the leakage currents and
minimize power wastage, thereby enhancing the overall power efficiency of Module
1. Figure 2 visually represents the circuit of Module 1, showcasing the arrangement of
transistors and the strategic placement of leakage control mechanisms to optimize output
signals and minimize leakage power consumption.

In Modules 2 and 3 of adder circuit design, which are dedicated to the generation of
the sum and carry outputs respectively, an additional input labeled ‘c’ is introduced. This
extra input, ‘c’, serves a crucial role in the computation of the sum output. In Module
2, responsible for sum generation, the input ‘c’ is strategically fed to the gate terminals
of certain transistors, influencing the logic operations performed within the module.
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Fig. 2. Lector Technique based XOR and XNOR Logic

Specifically, the ‘c’ input influences the behavior of XOR and XNOR gates, altering
their output based on the combination of input signals.

To facilitate the generation of both sum and carry outputs, the full adder design incor-
porate a systematic arrangement of transistors and pass transistor logic. Pass transistor
logic is a widely used technique in digital circuit design, particularly for its simplicity
and efficiency in signal processing. In our design, pass transistor logic is employed to
manipulate the input signals and produce the desired sum and carry outputs. Figure 3
and Fig. 4 illustrate the circuit and configuration of transistors within Modules 2 and
3 respectively, showcasing the systematic arrangement and interconnectedness of com-
ponents necessary for efficient operation. Through careful design and configuration of
transistors, the full adder circuit achieves the desired functionality while minimizing
power consumption and ensuring robust performance. The overall approach combines
XOR-XNOR CMOS logic, pass transistors, and the LECTOR technique for leakage
control to enhance the efficiency of the full adder circuit as shown in Fig. 5.

The Lector Technique focus on optimizing both the sum and carry circuits to achieve
significant reductions in power consumption while maintaining reliable operation. The
sum circuit is responsible for computing the sum of two binary inputs, while the carry
circuit generates the carry-out signal necessary for multi-bit addition. The Lector Tech-
nique introduces innovative circuit architectures and optimization strategies to minimize
power dissipation in both the sum and carry paths. Low-power transistor-level designs,
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Fig. 4. Carry Circuit of proposed low power adder

such as voltage scaling and transistor sizing are used to reduce static and dynamic power
consumption without compromising the circuit’s speed or accuracy. The design incorpo-
rates advanced power-gating techniques to selectively disable circuit components during
idle periods, further conserving power without sacrificing functionality. By meticulously
optimizing the sum and carry circuits using the Lector Technique, we achieve a synergis-
tic balance between power efficiency and performance, making our adder circuit ideal
for integration into energy-constrained cognitive computing and cyber-physical systems.
Furthermore, we employ efficient signal routing techniques to minimize capacitive loads
and signal propagation delays, thereby enhancing the overall speed and efficiency of our
adder circuit. Additionally, by utilizing low-leakage transistors and minimizing para-
sitic capacitances, we mitigate power losses associated with leakage currents and charg-
ing/discharging overheads. The careful selection of transistor types and configurations
ensures robust operation across varying input conditions while maintaining low power
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consumption. Overall, the design of sum and carry circuits using the Lector Technique
represents a holistic approach to low-power adder design, integrating innovative circuit
methodologies to meet the demanding requirements of modern cognitive computing and
cyber-physical systems.
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Fig. 5. Proposed Lector Technique based Full Adder

The proposed LECTOR Technique-based Full Adder circuit represents a synergistic
integration of cutting-edge methodologies aimed at maximizing efficiency and minimiz-
ing power consumption. At its core, this innovative design amalgamates the robustness
of XOR-XNOR CMOS logic with the versatility of pass transistors, all while harnessing
the power of the LECTOR technique for leakage control. By seamlessly blending these
disparate yet complementary approaches, our circuit design transcends the limitations of
conventional full adder architectures, offering a holistic solution that not only optimizes
power utilization but also enhances overall performance.

The incorporation of XOR-XNOR CMOS logic lays the groundwork for efficient
signal processing within the Full Adder circuit. This logic scheme, renowned for its
simplicity and versatility, ensures accurate computation of sum and carry outputs while
minimizing transistor count and signal propagation delays. Concurrently, the utiliza-
tion of pass transistors further streamlines the computational process, capitalizing on
the inherent advantages of pass transistor logic to achieve rapid and energy-efficient
output generation. Moreover, the integration of the LECTOR technique introduces a
novel dimension to our design, empowering precise control over leakage currents and
thereby mitigating one of the primary sources of power dissipation in CMOS circuits. By
strategically incorporating leakage transistors and optimizing transistor stacking along
the supply voltage and ground, our LECTOR-based approach effectively curtails unnec-
essary power wastage, culminating in a Full Adder circuit that excels in both energy
efficiency and computational prowess.
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4 Results and Discussions

This paper evaluated the performance of the proposed XNOR, XOR, and full adder
designs using simulations in the DSCH and Microwind tool at 1.2V and is shown in
Fig. 6. The analysis focused on static power, dynamic power, and total power dissipation,
comparing the results with conventional, Conventional CMOS, and LECTOR methods.
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Fig. 6. Simulation Results of Proposed Full adder

Table 1. Power analysis for Lector based Full Adder

Power Conventional CMOS LECTOR
(Watts) [5-7] (Watts)
Static 12.79 x 1070 12.08 x 1070
Dynamic 5.90x 1070 4389x 1070
Total Power 9.345x 1070 9.854x 1070

Static Power

Table 1 presents static power dissipation values for XNOR and XOR logic. The LECTOR
method demonstrated significant improvement, reducing static power compared to con-
ventional CMOS methods. This reduction, particularly in the XNOR design, showcases
the effectiveness of our proposed approach in minimizing power consumption during
idle states. This power is based on the output drain currents given in Eq. 3 and 4.

Ip = Is(e% — 1) 3)

Pstaticy = v * Ip €]

where 14 is the drain output current
I is the static circuit current
V is the applied voltage
V., is the threshold voltage
Pstatic) 1s the static power consumption
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Dynamic Power:

Table 1 illustrates dynamic power dissipation for XNOR and XOR logic. The LEC-
TOR technique outperformed Conventional CMOS and conventional methods, indicat-
ing more efficient utilization of power during active states. The noteworthy reduction in
dynamic power highlights the potential for enhanced energy efficiency in our proposed
designs.. This power depends on switching factor, frequency, capacitance and supply
voltage as given in Eq. 5.

P(dynamic) = a-f-C-Vl%D )

where o is the switching factor
f is the operating frequency
C is the effective gate capacitance
Vpp is the supply voltage
P(dynamic) is the dynamic power consumption

Total Power:

Table 1 combines static, dynamic, and leakage power in total power dissipation.
The LECTOR method consistently outshines conventional and Conventional CMOS
approaches, showcasing its holistic effectiveness. This approach promises a balanced
reduction in power consumption across various operational states. The total power is
given by the following Eq. 6.

P(Total) = P(slatic) + P(dynamic) + P(shortcircuit) (6)

where P(totan) 1S the total power consumption
P(short circuit) 18 the short circuit power dissipation

Full Adder Power Analysis

Table 1 offers a comprehensive power analysis for the full adder circuit. Comparing
Conventional CMOS and LECTOR methods, our proposed LECTOR technique demon-
strated superior results in static, dynamic, and total power dissipation. This suggests its
potential for optimizing power efficiency in practical applications.

Zooming in on the full adder power analysis, the findings corroborate the overarching
trend observed across XNOR and XOR logic modules. When comparing the Conven-
tional CMOS and LECTOR methods, our proposed technique consistently demonstrates
superior results in static, dynamic, and total power dissipation metrics. This comprehen-
sive assessment reaffirms the efficacy of the LECTOR technique in achieving optimal
power efficiency while maintaining robust performance characteristics, positioning it as
a promising solution for next-generation low-power arithmetic circuits. In summary, the
results and discussion presented in the paper underscore the transformative potential of
the LECTOR technique in revolutionizing the landscape of low-power circuit design.
Through meticulous simulations and comparative analyses are demonstrated the tangible
benefits of the proposed approach, paving the way for the adoption of energy-efficient
designs in a myriad of applications ranging from portable electronics to IoT devices and
beyond.
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S5 Conclusion

This paper addresses the growing demand for electronics products with rapid response
and low power consumption. Focusing on the crucial component of arithmetic circuits,
the full adder, our study explores the balance between static and dynamic logic styles for
optimal energy efficiency, speed, and complexity. To achieve this, the LECTOR tech-
nique was introduced, emphasizing leakage control through the strategic placement of
NMOS and PMOS transistors within logic cells. The proposed design outlines a full
adder implementation using XNOR-XOR CMOS logic and pass transistor logic, inte-
grating the LECTOR technique for enhanced power management. Through simulation
and analysis in the DSCH and Microwind tool, design evaluates the static, dynamic, and
total power dissipation. Our results demonstrate notable efficiency gains of 5%, 9%, and
8% in the implemented XNOR, XOR, and full adder circuits, respectively, compared
to conventional methods. This research signifies a significant stride in advancing low-
power VLSI design methodologies, offering promising implications for the broader field
of electronic circuit optimization.
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