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Abstract: In electronic industry the level of integration is an important aspect as it makes the electronic device simpler and more 
reliable. The device density increases with the better level of integration. Power dissipation, Area occupied and Propagation 
delay are some of the important factors that need to be considered. These parameters play a vital role in manufacturing portable 
electronic gadgets. Many binary adders are formed using full adders. Hence, if any enhancements have to be made to improve 
the performance, it can be made at the root level i.e., adders circuits itself. This in turn helps in bettering the performance of the 
electronics circuits which follow adder circuits. The low power VLSI design is of great importance due to portable electronic 
products. Full adder is a type of adder circuit that adds three inputs and gives two outputs. Out of three, two will be the present 
inputs and the third input will be the carry from the previous stage. ‘A’ and ‘B’ are the actual inputs, ‘C’ is the carry from the 
previous operation. SUM and CARRY OUT are the two outputs. In this work, Design and Implementation of full adder using 
conventional CMOS design and Pass Transistor Logic based Full adder circuits are carried out. At last comparison is made 
between the two designs with respect to power dissipation, delay and area (number of transistors). Cadence Virtuoso Tool is used 
in design and simulation conventional CMOS design and Pass Transistor Logic based Full adder circuits.  The entire work is 
simulated in 180nm CMOS technology. 
Tools required: Cadence tools 
 

I. INTRODUCTION 
The full adder is generally is used as a component in a cascade of adders where the circuit performs the arithmetic sum of eight, 
sixteen or thirty two bit binary numbers. Digital Systems performs a variety of operations. Among various information processing 
tasks are the arithmetic operations which includes binary addition, subtraction, multiplication and division[1]. The most common 
and basic arithmetic operation is addition of two binary digits. The simplest digital circuit which performs the binary addition 
operation on two binary digits is called Half Adder[2]. The addition of three binary digits is performed by Full Adder. A Full Adder 
is the digital Circuit which implements addition operation on three binary digits[3]. Two of the three binary digits are significant 
digits A and B and one is the carry input (C-IN) bit carried from the previous-less significant stage[4]. Thus the Full Adder operates 
on these three binary digits to generate two binary digits at its output referred to as Sum (SUM) and Carry-Out (C-out)[5]. The truth 
table of the Full Adder is as shown in the following figure: 

 

 
Fig 1: Block diagram of full adder 
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A            B CIN SUM     CARRY  
        OUT 

0            0 0 0            0 
0            0 1 1            0 
0            1 0 1            0 
0            1 1 0            1 
1            0 0 1            0 
1            0 1 0            1 
1            1 0 0            1 
1            1 1 1            1 

Table 1: Full adder truth table 
 
SUM= A^B^CIN= [A+B+CIN] ◦ [~CARRY OUT] + A ◦ B ◦ CIN   ---- (1) 
CARRY OUT= A◦ B+B ◦ CIN+CIN ◦ A = A◦ B+CIN [A+B]    ----- (2) 
 
A. Logical Expression for SUM 

= A’ B’ CIN + A’ B CIN’ + A B’ CIN’ + A B CIN 
= CIN (A’ B’ + A B) + CIN’ (A’ B + A B’) 
= CIN XOR (A XOR B) 

 
B. Logical Expression for C-OUT 

= A’ B CIN + A B’ CIN + A B CIN’ + A B CIN 
= A B + B CIN + A CIN 

 
Fig 2: Logic Circuit of full adder 

 
The output variable Sum (S) and Carry (C-Out) are obtained by the arithmetic sum of inputs A, B and C-IN[6]. The binary variables 
A and B represent the significant inputs of the Full adder whereas the binary variable C-in represents the carry bit carried from the 
lower position stage. The Sum (S) of the full adder will be 1 if only one of the three inputs are 1 or all are one otherwise the Sum (S) 
variable will be 0; as the sum of two 1s in the binary number system is represented by two binary digits with 0 on the lower position 
and 1 carry out to the higher significant position[7]. Thus variable Carry-Out represents that output of the Full Adder which is 
carried out on the addition of the two or three binary digits. Thus the Carry-Out (C-Out) bit is 1 when any two of the inputs are 1 or 
all of the inputs of the full adder are 1[8]. 
Boolean Expression of the digital combinational circuit represents the input and output relationship of the circuit[9]. Boolean 
Expression of the digital circuit can be used to assess the number and type of basic gates used to design the circuit[10]. The Boolean 
Expression also represents the topology in which the digital gates are combined to create the final output. It is important to note in 
the above circuit for the full Adder that the inputs A, B and C are applied at the inputs of the AND Gate and the output of the AND 
Gates are then applied at input of the OR Gate to generate the final output[11].  



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 12 Issue II Feb 2024- Available at www.ijraset.com 
     

 
1044 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

It can be seen the circuit of the full adder is actually designed using the Boolean Expressions that is product of the inputs is formed 
by the AND Gate and sum is produced by the OR gate thus yielding the gate level realization of the Sum of Product representation 
of the Boolean Expression[12]. 

II. EXISTING SYSTEM 
This paper presents an electronic device's level of integration plays a crucial role in making it more dependable and easier. A higher 
degree of integration is correlated with an increase in device density. Among the crucial elements that must be taken into account 
are power dissipation, space occupied, and delay. When producing portable electrical devices, these factors are crucial. This study 
has demonstrated the creation of a complete adder utilizing PTL and traditional CMOS design. There is a comparison between the 
two designs in terms of area (transistor count), latency, and power dissipation[1]. For the design and simulation of the whole adder, 
Mentor Graphics Tool is utilized. Compared to CMOS full adders, the PTL full adder uses less power and contains fewer transistors. 
Aranda and Mariano Aguirre-Hernandez have developed two high-speed, low-power full-adder cells designed with a decreased 
power-delay product (PDP) through the use of pass-transistor logic types and an alternate internal logic layout. They conducted a 
study of the speed, power consumption, and area of various full-adders that were said to have a low PDP. All of the full adders had 
0.18 m CMOS technology when they were designed, and they were all evaluated with an extensive test bench that measured the 
current drawn from the inputs of the full adders in addition to the current supplied by the power supply[2]. The suggested full-
adders perform better than their counterparts, with an average PDP advantage of 80% and only 40% of relative area, according to 
post-layout simulations.  
Naseri and Somayeh Timarchi proposed new circuits for simultaneous XOR-XNOR and XOR/XNOR functions are proposed in this 
paper. Minimal output capacitance and minimal short-circuit power dissipation allow the suggested circuits to operate with very low 
power consumption and delays. Additionally, we suggest six new hybrid 1-bit full-adder (FA) circuits that are based on the recently 
developed full-swing XOR-XNOR or XOR/XNOR gates. With regard to speed, power consumption, power-delay product (PDP), 
driving capability, and other factors, each of the suggested circuits has advantages of its own. In-depth HSPICE and Cadence 
Virtuoso simulations are run to look at how well the suggested designs work. Based on the 65-nm CMOS process technology 
model, the simulation results show that the suggested designs outperform alternative FA systems in terms of speed and power[3]. 
T.K. Schneider, A.J. Schwab, and J.H. Aylor using Mentor Graphics design tools and a fully customized process, an 8-b arithmetic 
logic unit (ALU) was schematically captured, simulated, physically constructed, and re-simulated with parasitics. With assurance 
that the design will function as intended, it can be manufactured. The design has illustrated the successful application of a 
commercial design tool in an educational setting[4]. Numerous tool-related problems were fixed with the use of available resources 
or outside resources like the software provider, the fabrication facility, or users at other educational establishments. 
Hasan U. Zaman, Sharnali Islam, Mehedi Hasan, Md. Jobayer Hossein, Mainul Hossain, they offer a new hybrid Full Adder (FA) 
design that makes use of Conventional Complementary Metal Oxide Semiconductor (CCMOS) logic, Pass Transistors (PTs), and 
Transmission Gates (TGs). Using the Cadence toolkit, a performance analysis of the circuit was carried out. The performance 
metrics have been evaluated with twenty active FA circuits for comparative study. To prove its scalability, the suggested FA has 
also been expanded up to a word length of 64 bits[5]. The only designs that can function without requiring a buffer in are the 
suggested FA and five of the current designs. 
Jyoti Kandpal, Abhishek Tomar, Mayur Agarwal, and K. K. Sharma, they proposed the complete adder (FA) circuits are frequently 
implemented using hybrid logic styles. The performance of the XOR-XNOR circuit has a significant impact on the driving capacity, 
delay, and power of hybrid FA. This paper proposes a 10-T XOR-XNOR circuit with fast speed and low power consumption that 
offers simultaneous full swing outputs and better delay performance. By simulating the suggested circuit in a cadence-virtuoso 
environment using 90-nm CMOS technology, the circuit's performance is evaluated[6]. The suggested circuit minimizes the power 
delay product (PDP) in comparison to the existing XOR-XNOR modules by a minimum of 7.5%. Four distinct FA designs. 
Ningyuan Yin, Wanyuan Pan, Yihe Yu, Chengcheng Tang and Zhiyi Yu, they offer a unique pass transistor-based complete adder in 
this research. There are eighteen transistors in the proposed complete adder. Comparing the post-layout simulation to traditional 
CMOS full adders, a 13.78% power decrease is seen.We present a new PTL complete adder circuit in this work that utilizes the 28 
nm technology. They decreased the parasitic capacitance at the critical route of the by utilizing a parallel PTL XOR gate[7]. 
 

III. PROPOSED SYSTEM 
A CMOS (Complementary Metal-Oxide Semiconductor) transistor stage in a full adder typically involves multiple stages of logic 
gates using CMOS technology. A full adder is a digital circuit that adds three binary digits and produces a sum bit and carry. It’s 
often constructed using logic gates, such as XOR, AND, and OR gates, implemented with CMOS transistors.  
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CMOS uses pairs of complementary MOSFETSs (Metal -Oxide-Semiconductor Field-Effect Transistors), one for the ‘P’ (p-
channel) and one for the ‘N’ (n-channel) types, to create the logic functions necessary for addition. These transistors work in pairs, 
allowing for low power consumption due to their inherent low power dissipation in both the on and off stages. Each stage within a 
full adder performs specific logical operations (like XOR, AND, OR) to compute the sum and carry outputs. 
When the input voltage is low, the PMOS transistor turns on, and the NMOS transistor turns off, resulting in a high output voltage. 
Conversely, when the input voltage is high, the PMOS transistor voltage is high, the PMOS transistor turns off, and the NMOS 
transistor turns on, resulting in a low output voltage. Power consumption and speed are two primary design constraints for 
Integrated Circuits (ICs). Improved performance on the basis of these is achieved primarily by reducing the silicon area.                                              

 
Fig 3: Circuit Diagram of CMOS Full adder 

 
This paper presents the NMOS transistors (M1 TO M6) are used to implement the SUM output, and the PMOS transistors (M7 TO 
M13) are used to implement Cout output. CMOS FAs are very efficient and can perform addition of three one-bit binary numbers 
very quickly. They are used in a variety of applications, including high-speed computers, microprocessors, and digital signal 
processors. By employing a streamlined architecture that relies on a minimal number of transistors, this CMOS full adder design 
significantly reduces power consumption compared to conventional approaches. The use of 180nm technology further enhances 
energy efficiency by enabling precise control over transistor characteristics and minimizing leakage currents. This results in a 
substantial reduction in power dissipation, making the design well-suited for battery-powered applications and energy-constrained 
environments. Moreover, the compact nature of the design, achieved through the integration of transmission gates and pass-
transistor logic, contributes to a reduction in propagation delay. This ensures faster operation and improved responsiveness, 
enhancing the overall efficiency and performance of the integrated circuit. The optimized transistor-level connections and carefully 
crafted signal paths further mitigate delays, allowing for seamless integration into high-speed systems requiring rapid data 
processing. Moreover the PTL Full adder with 10 transistors better than the CMOS Full adder in area efficient, performance. The 
PTL full adder design utilizes pass-transistor logic to perform addition operations. It typically consists of transmission gates and 
complementary pass-transistor pairs. These pairs are arranged to form logic gates, allowing signals to propagate through the circuit. 
This paper presents a detailed investigation into the working principles and advantages of Pass-Transistor Logic (PTL) full adders. 
The PTL full adder design offers a novel approach to addition operations, leveraging pass-transistor logic to achieve efficient signal 
processing. The paper elucidates the operational mechanisms of PTL full adders and highlights their advantages in terms of reduced 
power consumption, low propagation delay, and compact design. Through comprehensive analysis and simulation results, the 
efficacy of PTL full adders in various applications is demonstrated, underscoring their potential for integration into modern 
integrated circuits. 
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Traditional full adder designs based on CMOS technology often suffer from limitations such as high power consumption and 
propagation delay. The introduction of PTL full adders addresses these challenges by adopting a novel logic paradigm that relies on 
pass-transistor networks. This section provides an overview of the motivation behind PTL full adders, outlining the need for 
efficient and low-power addition circuits in modern integrated systems. The working principle of PTL full adders revolves around 
the use of pass-transistor pairs to manipulate input signals and compute addition operations. This section delves into the operational 
mechanisms of PTL full adders, elucidating how pass-transistor logic facilitates signal propagation and processing. The intricate 
details of signal routing, complement generation, and output computation are discussed to provide a comprehensive understanding 
of the PTL full adder architecture. 

 
Fig 4: The circuit diagram of PTL Full adder 

 
PTL full adders offer several advantages over traditional CMOS designs, including reduced power consumption, low propagation 
delay, and compact footprint. This section highlights the benefits of PTL full adders in terms of energy efficiency, speed, and 
integration density. Through theoretical analysis and experimental validation, the superior performance of PTL full adders is 
demonstrated, positioning them as a promising solution for next-generation integrated circuits. Experimental results from simulation 
and characterization studies corroborate the efficacy of PTL full adders in practical scenarios. This section presents comprehensive 
data on power consumption, delay, and area utilization, showcasing the superior performance of PTL full adders compared to 
conventional designs. Real-world applications and use cases are also discussed to illustrate the versatility and applicability of PTL 
full adders across different domains. By leveraging pass-transistor networks and Cmos networks, PTL full adders offer efficient and 
low-power solutions for addition operations in integrated circuits better than the Cmos full adders. The Pass-Transistor Logic (PTL) 
full adder emerges as the preferred choice over CMOS full adders due to its superior performance in terms of both delay and power 
consumption. By leveraging efficient signal propagation and minimizing resource utilization, PTL full adders offer a compelling 
solution for a wide range of applications, including high-speed data processing, low-power devices, and integrated systems. 
 

IV. RESULTS 

 
Fig 5: Schematic of Proposed CMOS Full adder 
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Fig 6: Waveforms of Proposed Cmos Full adder 

 

 
Fig 7: Schematic of Proposed PTL Full adder 

 

 
Fig 8: Waveforms of Proposed PTL Full adder 
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V. CONCLUSION 
In conclusion the design and implementation of full adders using both conventional CMOS and Pass-Transistor Logic (PTL) 
approaches. It aims to enhance the performance of electronic circuits, particularly in terms of power dissipation, delay, and area 
utilization. Through simulation and analysis using Cadence Virtuoso Tool in 180nm CMOS technology. The Pass-Transistor Logic 
(PTL) full adder emerges as the preferred choice over CMOS full adders due to its superior performance in terms of both delay and 
power consumption. By leveraging efficient signal propagation and minimizing resource utilization, PTL full adders offer a 
compelling solution for a wide range of applications, including high-speed data processing, low-power devices, and integrated 
systems. 
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