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Abstract. The increasing demand for high-performance, low-power digital sys-

tems has highlighted the need for more efficient arithmetic units, particularly 

adders, which are vital components in processors and various digital circuits. 

Traditional adder designs, like ripple-carry and Ling adders, face challenges in 

balancing simplicity, area, and speed, especially as semiconductor technology 

continues to advance to smaller process nodes. Ripple-carry adders are simple 

but slow due to their linear carry propagation, while Ling adders offer improved 

speed but at the cost of increased complexity and area. This paper introduces a 

new hybrid carry adder design intended to improve digital circuit efficiency. 

The proposed adder combines a ripple-carry structure for the lower-order bits 

with a Ling-based parallel prefix structure for the higher-order bits, achieving a 

balance between simplicity and performance. The low-order sum calculation 

avoids complex carry lookahead, simplifying the design, while the high-order 

bits are processed by the Ling structure to reduce critical path delays. To further 

optimize efficiency, intermediate variables are introduced to facilitate Shannon 

expansion for better sum implementation. Additionally, the design ensures that 

the control signal for the output multiplexer (MUX) is synchronized with the 

input signals to avoid timing issues. The proposed adder will be validated 

across different semiconductor technologies, including 180nm CMOS process- 

es, and assessed for key performance metrics such as area, power, power-delay 

product, and speed. This hybrid design will be compared with traditional Ling 

adders to demonstrate improvements in area efficiency, power consumption, 

and overall speed.  

Keywords: Hybrid Carry Adder, Ripple Carry, Ling Carry,Low Power, Area 

Optimization. 

1 Introduction 

As the size of devices continues to decrease to the nanoscale range, low-power tech-

niques have become essential for designing complex VLSI chips, such as microproces-
sors and DSPs, which involve a variety of arithmetic operations, including subtraction, 

multiplication, division, and addition. These operations often rely on one or more addi-

tion operations, for these chips, adders are the most commonly utilized arithmetic units. 
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Typically, adders are found in digital circuits' critical path., meaning their design has a 

direct impact on the overall speed of the system. Therefore, optimizing adders in terms 

of area, power consumption, and operational speed is crucial for improving system per-

formance. 

Considerable research has focused on reducing the critical path in multi-bit addition, 

often targeting the optimization of 1-bit full adder sub-units and the entire carry struc-

ture. For instance, Naseri and Timarchi used to create innovative hybrid 1-bit complete 

adder circuits. [4]. the TG structure becomes less efficient for cascading adders beyond 

16 bits due to significant delay increase. Similarly, Bhattacharyya et al. employed XOR 
gates with TGs and multiplexers (MUX) to accelerate local sum and carry generation, 

but the TG’s limited driving capability necessitated intermediate buffers, leading to in-

creased hardware overhead and delay in multi-bit operations [5]. Though such designs 

reduce PDP, they are mainly appropriate for instances with low operands and not for 

cascading adders to perform larger bit operations. Hence, optimizing both the 1-bit sub-

units and the carry structure is crucial for achieving high performance in multi-bit ad-

ders. 

Among various architectures for multi-bit adder implementations, three prominent 

approaches stand out Adder. Notable for its superior performance characteristics, the 

Look Ahead carry architecture achieves enhanced processing speeds through sophisti-

cated carry signal management techniques. Our research centers on developing an op-

timized 32-bit implementation utilizing this Look-Ahead Carry methodology. 

Various implementations of the Look-Ahead Carry structure exist, including Parallel 

prefix adder’s architectures, each featuring distinct carry tree configurations optimized 

for signal propagation efficiency. Ling introduced an innovative pseudo-carry signal 

mechanism that simplified the conventional carry-based architecture while maintaining 

operational efficiency. Building upon this advancement, Efstathiou et al. and Mitra and 

Bakshi independently developed prefix carry tree implementations incorporating 

Kogge-Stone and Ladner-Fischer operators, resulting in reduced fan-out and subse-
quent delay improvements. However, achieving parallelism for high-order carry and 

sum operations in large operands typically requires supplementary hardware compo-

nents, such as 4-input carry-select adders, which increases circuit complexity despite 

performance gains. 

2 Related Works  

Other works, such as those by Dimitrakopoulos and Nikolos [14], have proposed a two-

level Ling structure to manage carry signals more efficiently by dividing them into gen-

eration and propagation groups. However, as operand size increases, this method's ben-

efits are diminished due to additional costs. In another approach, Quach and Flynn di-

vided multi-bit operands into smaller groups, using conditional sum algorithms to cal-

culate local sums and applying the Ling method for carry generation [15]. While this 
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method improves performance by reducing serial transistor delays, it introduces redun-

dant logical operations for low-order bits. Given that low-order sums involve fewer bits 

and simpler logic, using a ripple carry structure for these bits does not significantly 

impact the critical path delay. 

The ripple-Ling hybrid carry structure is used in this research to present an efficient 

32-bit adder that balances speed, area, and power usage. The lower 11 bits in the design 

are subject to a ripple carry structure, ensuring efficient sum generation without affect-

ing the critical path, while the higher 21 bits are processed using the Ling LAC structure 

to maintain low critical path delay. Additionally, we customize and optimize the sum 

generation circuits for all bits to minimize delays on the critical path. 

The development of custom logic gates, such as the simultaneous implementation of 

NAND and NOR logic within XOR gates, which reduces the cost of basic logic gates. 

A customized unit that combines Ai Bi + Ci-1 and Ai ⊕ Bi logic is employed to gen-

erate the low-order 1-bit full adder and the high-order bits' sum output. 

In order to further optimize the critical path delay, the high-order sum generating 

circuit incorporates Shannon expansion variables, which help balance the delay be-

tween the input signal and control signal for the output multiplexer (MUX). 

3 Implementation Of Hybrid Ling Adder Using RCA 

RIPPLE CARRY ADDER 

A ripple-carry adder as shown in the figure1, employs a sequential arrangement of 

full adders to process binary numbers of arbitrary length. Each stage consists of a full 

adder that handles corresponding bits from the input sequences while generating carry 

signals. These carries propagate sequentially through the structure, with each full ad-

der's carry output becoming the next stage's carry input. 

                       

Fig1: 4 bit Ripple carry adder 

The carry propagation continues sequentially through every stage until reaching the 

final full adder. Each carry bit generated by one stage is passed to the subsequent stage, 



 

 

 

   

 

using a prefix tree, which helps speed up the carry generation process. 

lay. 

cial for high-speed computations where time is critical. 
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creating a cascading effect that explains the circuit's name. This architecture demon-

strates remarkable flexibility, capable of handling binary sequences of various lengths, 

whether 4-bit, 5-bit, or larger configurations. 

A critical characteristic of this adder structure is its sequential nature: the final result 

remains unknown until carry signals propagate through all stages. This sequential de-

pendency creates a significant timing consideration, as the complete addition operation 

cannot be finalized until all carries have rippled through the entire chain of full adders. 

Ling Adder  

The Ling Adder is a high-speed digital adder that is an improvement on the tradi-

tional Look-Ahead Carry (LAC) Adder. It was developed to simplify the carry gen-

erating process and hence decrease the time related to carry propagation in multi-bit 

addition. The Ling Adder incorporates a technique known as the prefix network, which 

is a method used to generate carry signals efficiently across multiple bits, thus allowing 

for faster addition operations. 

Key Features of the Ling Adder: 

1. Carry Propagation and Generation: The Ling Adder uses a prefix carry 

tree that reduces the complexity of carry propagation. In traditional adder de-

signs, the carry bit for each bit of the sum depends on the carry bit from the 

previous stage, which can create a long chain of dependencies. In contrast, the 

Ling Adder simplifies this by creating carry and sum signals simultaneously 

2. Pseudo Carry (Hi) Introduction: A distinctive feature of the Ling Adder is 

the introduction of a pseudo carry signal, known as Hi. This pseudo carry is 

used in the prefix network to further simplify the logic for generating the carry 
signals. By introducing Hi, the Ling Adder reduces the logical complexity 

compared to traditional carry-based operations, which reduces the overall de-

3. Prefix Network: The prefix network used in the Ling Adder processes carry 

propagation and carry generation signals in parallel, which allows the adder to 

handle large bit-width operations more efficiently. This is particularly benefi-

4. Reduced Logic Complexity: The Ling Adder reduces the number of gates 

and complexity in the carry generation stage by breaking down the carry logic 

into simpler subcomponents. This enables faster computation by minimizing 

the number of levels in the carry tree, directly decreasing the overall delay. 

5. Improved Speed: Due to the parallel processing and the reduction of carry 
signal generation time, the Ling Adder offers significant speed improvements 

compared to traditional adders such as the Ripple Carry Adder (RCA) and 

Carry Select Adder (CSA). The Ling Adder is especially useful in applica-

tions that require fast arithmetic operations, such as processors and digital sig-

nal processors (DSPs). 



   

 

      

6. Area and Power Considerations: While the Ling Adder is faster than simpler 

adders, it can also be more area- and power-hungry, especially as the number 

of bits increases. However, optimizations, such as the use of hierarchical carry 

trees or hybrid approaches that combine Ling with simpler structures (like 

Ripple Carry for lower bits), can mitigate these drawbacks. 
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Structure of the Ling Adder 

The Ling Adder's structure relies on two key components: 

 Carry Generation: This involves generating a carry signal for each bit, based 

on the current bit and the carry from the previous bit. 

 Carry Propagation: This involves propagating the carry signals through the 

adder network, ensuring that the carry is correctly generated and passed 

through to the next stage. 

The adder operates in two steps: 

1. Carry Propagation: For each bit in the adder, it calculates whether the carry 

will propagate to the next bit (Carry Propagate) or generate a new carry (Carry 

Generate). 

2. Carry Calculation: Using a prefix network, the adder calculates the total 

carry for each bit in parallel, significantly reducing the time required to com-

pute carries compared to traditional methods. 

The proposed adder utilizes a hybrid carry structure: 

 Low-order bits (11 bits) use a Ripple Carry Adder (RCA) structure. This 

choice is based on the observation that low-order bits do not typically impact the 

critical path delay as significantly. RCA is simple, cheap, and easy to implement 

for small numbers of bits. 

 High-order bits (21 bits) use a Ling-based parallel prefix structure. The Ling 

adder reduces carry propagation time by simplifying the carry generation pro-

cess, utilizing pseudo carry signals (Hi) to streamline the carry logic compared 

to traditional Look-Ahead Carry (LAC) structures. 

Innovations in the Proposed Design 

1. Simplified Low-order Circuit: 

For the low-order 11 bits, the Ripple Carry Adder (RCA) structure is employed. The 
ripple carry structure is straightforward and inexpensive in terms of implementation, 

and it does not affect the critical path delay for the entire adder since the low-order bits 

do not significantly influence overall performance in large bit-width adders. 

2. Optimized High-order Circuit: 

For the high-order 21 bits, the Ling structure is retained for speed. The Ling method 

allows for fast carry propagation, which is critical when dealing with larger operands. 

3. New Intermediate Variables: 
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The authors introduce intermediate variables to enable Shannon expansion for the 

output sum. This allows for better delay balancing in the output MUX, ensuring the 

control signal's delay matches the input signal's delay. This helps in reducing the delay 

in the critical path. 

4. Customized Logic Gates: 

To further optimize performance, customized logic circuits are designed. For ex-

ample, NAND and NOR gates are simultaneously implemented in XOR gates to min-

imize gate delays. This also reduces hardware overhead, contributing to area and power 

savings. 

4 Results & Analysis  

                 
Fig2: Schematic of Hybrid Adder 

Figure 2 presents the detailed schematic representation of our hybrid logic adder 

implementation created within the Cadence Virtuoso environment. 
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Fig3: Output waveforms of Hybrid Adder 

Figure 3 presents the detailed output waveform representation of our hybrid logic 

adder implementation created within the Cadence Virtuoso environment. 

 
Fig4: Mos count 

Figure 4 presents the Transistors count used in hybrid logic adder implementation 

created within the Cadence Virtuoso environment. 

 

 
Fig5: Delay 

Figure 5 presents the Delay value for hybrid logic adder implementation created 

within the Cadence Virtuoso environment. 

 

 
Fig6: Power 

Figure 6 presents the Power value of hybrid logic adder implementation created 

within the Cadence Virtuoso environment. 

The 32-bit hybrid adder design results in a transistor count of 2,840, with a consump-

tion of power is  1.165 mW and a delay of 526 ps. By combining the ripple carry and 

Ling structures, the adder achieves reduced the consumption of power while maintain-

ing high performance. 
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5 Conclusion 

 The hybrid carry adder proposed in this paper offers a robust solution by combining 

the straightforwardness of low-order ripple-carry adders with the effectiveness of high-

order Ling-based parallel prefix techniques. This approach optimizes both performance 

and area: the ripple-carry method is used for the lower 11 bits, simplifying the design, 

while the Ling-based structure is employed for the upper 21 bits, ensuring a short crit-

ical path and faster computation. The incorporation of new intermediate variables and 

Shannon expansion improves efficiency by minimizing delays in the control signal 

propagation through the multiplexer. Additionally, the custom-designed output sum 

circuit, based on reusable logic components, enhances scalability and efficiency, mak-

ing the adder adaptable to a wide range of applications. This combination of simplicity, 

speed, and scalability makes the hybrid carry adder architecture a promising choice for 

high-performance digital systems and a versatile tool for hardware designers. 
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