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Binary addition forms the backbone of computational arithmetic, serving as a core operation in Digital 

Signal Processing, arithmetic and logic units, microprocessors, and microcontrollers. As adders are 

integral to these applications, ongoing research aims to optimize their performance. The propagation 

of the carry bit significantly affects an adder's delay, making its design critical. In this paper, we propose 

and evaluate an efficient design for a 64-bit parallel prefix adder (PPA), a high-speed adder that balances 

performance with resource utilization. Unlike ripple carry adders (RCA), which suffer from serial delay 

issues, and carry look-ahead adders (CLA), which mitigate delay at the cost of increased complexity, 

PPAs leverage prefix operations for fast and efficient addition. Our proposed PPA achieves a critical 

path delay of 23.21 ns, demonstrating high-speed performance with low power consumption and 

reduced area overhead. The design was developed using Verilog HDL, simulated, and synthesized using 

the Xilinx ISE tool. These results highlight the PPA's suitability for VLSI designs, offering an optimal trade-

off between speed, area, and power for modern computational systems. 
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As the demand for high-performance digital circuits continues to grow, the need for efficient arithmetic 

units becomes increasingly critical. 
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This paper presents a novel approach to three-operand binary addition designed for VLSI 

implementations, targeting both high-speed and area efficiency. The proposed design leverages a 

combination of parallel processing and optimized carry propagation techniques to achieve superior 

performance compared to traditional two-operand addition methods. By accommodating three 

operands in a single addition operation, the proposed architecture minimizes the number of required 

additions for multi-operands scenarios, reducing latency and improving overall throughput. 
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Key features of the proposed design include a carefully engineered carry-save adder structure, enabling 

parallel processing of operand bits and efficient handling of intermediate results. The architecture 

exploits the inherent parallelism in three- operand addition, ensuring optimal resource utilization in 

modern VLSI technologies. Furthermore, the design incorporates innovative optimization strategies to 

minimize the physical footprint on the silicon die, addressing the crucial aspect of area efficiency. This 

is achieved through systematic logic restructuring, careful placement of critical path components, and 

leveraging advanced synthesis and place-and-route tools. 

The performance of the proposed three-operand binary addition is validated through extensive 

simulations across a range of operand sizes and input scenarios. Results demonstrate significant 

improvements in both speed and area efficiency compared to conventional approaches. In conEXISTING 

METHODS 

ADDERS AND ITS TYPES: 

Binary adders are fundamental digital circuits used in computers and other digital systems to perform 

addition of binary numbers. They are essential components of arithmetic logic units (ALUs) and are used 

in various computational tasks. There are several types of binary adders, each with its own 

characteristics and applications. Here are some common types: 

Half Adder 

Full Adder 

Ripple Carry Adder 

Carry-Look Ahead Adder 

HALF ADDER: 

A half adder is a digital logic circuit that performs binary addition of two single-bit binary numbers. It 

has two inputs, A and B, and two points. 

It has two inputs, A and B, and two outputs, SUM and CARRY. The SUM output is the least significant bit 

(LSB) of the result, while the CARRY output is the most significant bit (MSB) of the result, indicating 

whether there was a carry-over from the addition of the two inputs. The half adder can be implemented 

using basic gates such as XOR and AND gates. 
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Fig 3.1 Half adder Block Diagram 

 

 

Fig 3.2 Half adder Logic Diagram 

Table 3.1 Truth table for half adder: 

 

The half adder is a basic building block for more complex adder circuits such as full adders and multiple-

bit adders. It performs binary addition of two single-bit inputs, A and B, and provides two outputs, SUM 

and CARRY. 

The SUM output is the least significant bit (LSB) of the result, which is the XOR of the two inputs A and 

B. The XOR gate implements the addition operation for binary digits, where a “1” is generated in the 

SUM output only when one of the inputs is “1”. 
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The CARRY output is the most significant bit (MSB) of the result, indicating whether there was a carry-

over from the addition of the two inputs. The CARRY output is the AND of the two inputs A and B. The 

AND gate generates a “1” in the CARRY output only when both inputs are “1”. 

FULL ADDER: 

 

Fig 3.3 Full Adder 

Full Adder is the adder that adds three inputs and produces two outputs. The first two inputs are A and 

B and the third input is an input carry as C-IN. The output carry is designated as C-OUT and the normal 

output is designated as S which is SUM. A full adder logic is designed in such a manner that can take 

eight inputs together to create a byte-wide adder and cascade the carry bit from one adder to another. 

We use a full adder because when a carry-in bit is available, another 1-bit adder must be used since a 

1-bit half-adder does not take a carry-in bit. A 1-bit full adder adds three operands and generates 2-bit 

results. 

Fig 3.4 Full adder Circuit 

Table 3.2 Truth table for Full Adder 
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RIPPLE CARRY ADDER 

A Ripple Carry Adder (RCA) is a digital circuit used to add binary numbers. It's composed of multiple full 

adders connected in a cascading manner, where the carry- out of each stage is connected to the carry-

in of the next stage. The name "ripple" comes from the fact that the carry signal ripples through the 

stages, propagating from the least significant bit (LSB) to the most significant bit (MSB). The steps are 

as follows: 

Inputs: The RCA takes two n-bit binary numbers (A and B) as input. 

Binary Addition: Each stage of the RCA performs binary addition of the corresponding bits of the two 

input numbers along with the carry from the previous stage. 

Carry Propagation: The carry generated from the addition of each bit ripples to the next higher 

significant bit. 

Sum Calculation: The sum bit (S) of each stage is the exclusive-OR (XOR) of the corresponding bits of the 

input numbers and the carry-in. 

Carry Calculation: The carry-out (Cout) of each stage is the AND operation of the carry-in and the XOR 

operation of the corresponding bits of the input numbers.Final Carry: The carry-out from the MSB stage 

represents the carry generated from the addition of the MSB bits of the input numbers. 

Output: The output of the RCA consists of two parts: the sum bits (S) from each stage, which together 

form the sum of the input numbers, and the final carry-out (Cout), which indicates whether there is a 

carry generated beyond the MSB. 
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Fig-3.5. Ripple Carry Adder 
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CARRY LOOK AHEAD ADDER 

The adder produce carry propagation delay while performing other arithmetic operations like 

multiplication and divisions as it uses several additions or subtraction steps. This is a major problem 

forth adder and hence improving the speed of addition will improve the speed of all other arithmetic 

operations. Hence reducing the carry propagation delay of adders is of great importance. There are 

different logic design approaches that at have been employed to overcome the carry propagation 

problem. One widely used approach is to employ a carry look-ahead which solves this problem by 

calculating the carry signals in advance, based on the input signals. This type of adder circuit is called a 

carry look-ahead adder. 

Here a carry signal will be generated in two cases: 

Input bits A and B are 1 

When one of the two bits is 1 and the carry-in is 1. 

 

 

Fig. 3.6 Carry Look Ahead Adder Block Diagram 

C1 = C0. P0+G0 

C2 = C1. P1+G1 = ( C0. P0+G0). P1+G1 C3 = C2. P2+G2 = (C1. P1+G1). P2+G2 

C4 = C3. P3+G3 = C0. P0. P1. P2. P3 + P3. P2. P1. G0 + P3. P2. G1 + G2. P3 + G3 

CARRY SAVE ADDER 
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A carry-save adder (CSA) is a digital circuit used for the efficient addition of multiple binary numbers. It 

is particularly suitable for applications where speed and parallel processing are crucial. The main 

advantage of a carry-save adder lies in its ability to perform addition in a parallel and modular fashion, 

reducing critical path delays and enabling high-speed arithmetic operations. 

Si = Ai ⊕ Bi ⊕ Ci 

Ci . = Ai . Bi + Ai . Ci + Bi . Ci , in other words, a carry save adder cell is just a full-adder cell. 

Inputs: The CSA takes three binary numbers as input: A, B, and Cin (Carry-in). 

Operation: The CSA decomposes the addition operation into two steps: 

 

Partial Sum Generation: Adds the input numbers (A and B) without considering the carry. 

Carry Generation: Computes the carry bits resulting from the addition of A, B, and Cin. Partial Sum 

Generation: Partial sums (P) are generated by adding each pair of corresponding bits from A and B using 

XOR gates. This operation ignores any carry from previous stages. 

Carry Generation: The carry bits (C) are computed using AND gates by considering all possible carries 

resulting from the addition of A, B, and Cin. Each bit of the carry output is calculated by performing an 

AND operation on the corresponding bits of A, B, and Cin. 

CO=C0⊕C1⊕…⊕Cn−1⊕Cin 

Final Sum Calculation: The final sum (S) is obtained by combining the partial sums (P) and the carry bits 

(C). Since the carry bits are saved separately, they are not propagated through the adder. Instead, they 

are used in subsequent stages of arithmetic operations. 

Sum=(S0+CO)+(S1+CO)⋅2+…+(Sn−1+CO)⋅2n−1 

Outputs: The output of the CSA consists of two parts: 

Final Sum (S): Represents the sum of the input numbers (A, B, and Cin). 

Carry (Cout): Represents the carry-out, which can be used as an input carry for  

RESULTS AND CONCLUSION 

CSA RESULT: 

The results of the simulation and comparative analysis are discussed here. The simulation results are 

displayed in Fig. 5.1 
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We give an input x and y with 32 bit and have an output of 32-bit values. We give an input of 

x=32'hAAAA; y=32'h2222; cin=32'h0001; and x=32'h3333; y=32'h7777; cin=32'h0000; 

Fig 5.1 Simulation Result for 32-bit CS3A 

 

Fig. 5.2 Area Requirement of 32-bit Carry Save Adder 

 

 

Fig. 5.3 Delay estimation of 32-bit Carry Save Adder 
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The results of the simulation and comparative analysis are discussed here. The simulation results are 

displayed in Fig. 5.2. We give an input x and y with 32 bit and have an output of 32-bit values. We give 

an input of x=64'hAAAA; y=64'h2222; cin=64'h0000; and x=64'h3333; y=64'h7777; cin=64'h0000; 

 

 

Fig 5.4 Simulation Result for 64-bit CS3A 

 

Fig. 5.5 Area Requirement of 64-bit Carry Save Adder 
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Fig. 5.6 Delay estimation of 64-bit Carry Save Adder 

HCA RESULTS: 

 

Fig 5.7 Simulation Result for 32-bit Han Carlson Adder
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Fig. 5.8 Area Requirement of 32-bit Han Carlson Adder 

 

Fig. 5.9 Delay estimation of 32-bit Han Carlson Adder
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Fig 5.10 Simulation Result for 64-bit Han Carlson Adder 

 

 

Fig. 5.11 Area Requirement of 64-bit Han Carlson Adder 
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 Bit Size Pre-delay (ns) Power (mW) Area 

CSA 32-Bit 58.887 114 756 

64-Bit 110.66 46 1524 

HCA 32-Bit 37.65 295 639 

64-Bit 82.06 102 1323 

 

5.2 CONCLUSION: 

The three-operand binary addition can be carried out either by using two two-operand adders 

or one three-operand adder. Carry-save adder (CSA) is the area-efficient and widely adopted 

technique to perform the three-operand binary addition in the modular arithmetic used in 

cryptography algorithms. However, the longer carry propagation delay in the ripple-carry 

stage of CSA seriously influences the performance of the MDCLCG and other cryptography 

architectures on IoT based hardware devices. In order to shorten the critical path delay, a 

parallel prefixed two-operand adder such as Han-Carlson (HCA) can also be used for three-

operand binary addition. It reduces the critical path delay in the order of O(log2 n) but 

increases the area in the order of O(n log2 n). Therefore, it is necessary to develop an efficient 

VLSI architecture to carry out the fast three-operand binary addition with minimum hardware 

resources. Hence, a new high-speed area-efficient adder technique is proposed using pre-

compute bitwise addition followed by carry-prefix computation logic to perform the three- 

operand addition in this paper that consumes considerably less gate area while minimizing 

the propagation delay in comparison to the HCA-based three-operand adder (HCA). 

Furthermore, the proposed adder architecture is implemented with the Verilog HDL, and then 

synthesized with commercial available 32nm CMOS technology library. 
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