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Abstract: An adder is a digital circuit that performs addition of numbers. In many computers and other kinds of processors adders 

are used in the arithmetic logic units or ALU. They are also used in other parts of the processor, where they are used to calculate 

addresses, table indices, increment and decrement operators and similar operations. Adders play a vital role in the digital signal 

processing systems. The design of 32-bit adders is of high importance because 32-bit architecture is common and widely used in many 

digital systems and processors. In this paper, the design and implementation of various 32-bit adders like Ripple Carry Adder (RCA), 

Carry Increment Adder (CIA) and Carry Skip (or) Carry Bypass Adder (CSKA) for different full adders is done using Verilog HDL. 

The results are obtained by executing Verilog code in Xilinx 14.5 ISE for the Spartan 3E family device with speed grade of -5. 

 

Keywords: Carry Increment Adder (CIA), Carry Skip Adder (CSKA), Conventional Full Adder (FA), Full Adder using 2 by 1 MUX (FA1), 

Full Adder using 4 by 1 MUX (FA2), 2 by 1 MUX based Full Adder (FA3), Ripple Carry Adder (RCA). 

 

1. INTRODUCTION 

 

 Adders are one of the most widely implemented blocks of microprocessor chips and digital components in the digital 

integrated circuit design. They are the necessary part of Digital Signal Processing (DSP) applications. With the advances in 

technology, researchers have tried and are trying to design adders which offer either high speed, low power consumption, less 

area or the combination of them. Every adder generates a carry value that has to be propagated through the circuit within a 

series of adders. This contributes largely to the critical path delay of the circuit. By reducing the number of stages the carry has 

to be propagated, the delay in the circuit can be reduced. The required sum is selected using a multiplexer. 

 The objective of this project is to design different architectures of adders and to study their respective performance, cost and 

design time. Adders are being used extensively in many processor architectures and computational units. It is a vital part in any 

processor or chip. By reducing the area occupied by these adders, the critical path delay can also be reduced. This can be done 

by implementing different designs of these adders. The ultimate aim of reducing the area and design is to optimize the cost of 

manufacture and improve the efficiency of the processor. Every adder generates a carry value that has to be propagated through 

the circuit within a series of adders. This contributes largely to the critical path delay of the circuit. By reducing the number of 

stages the carry has to be propagated, the delay in the circuit can be reduced. This can be done by implementing different 

architectures of the adder design and by incorporating varied logic to propagate the carry through the least number of stages 

possible. One by looking ahead of several blocks, i.e., by identifying where the actual output is and by delivering the carry 

signal right to that stage or by calculating the sum before the propagation is started. The required sum is selected using a 

multiplexer. In the above cases, the carry signal is not propagated through more than three stages which reduce the delay in the 

circuit. The various designs of adders are explained as follows. In this project, we implement Ripple Carry Adder (RCA), Carry 

Increment Adder (CIA) and Carry Bypass Adder (CBYA). The above designs are verified by performing RTL design using 

synthesis, Logic simulation using Xilinx simulator, Place and Route for power analysis, Synthesis report for area and delay. 

 

2. RELATED WORK 

A. Conventional Full Adder (FA) 

 The traditional full adder circuit is obtained using 2 XOR gates, 3 AND gates and an OR gate. The Boolean expressions 

used are 

Sum = a ⊕ b ⊕ cin and Carry = (a⋅b) + (b⋅cin) + (cin⋅a)  
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Figure 1. Conventional Full Adder (FA) 

B. Full Adder Using 2 by 1 MUX (FA1) 

 Mux based full adder circuit is obtained using two 2-to-1 multiplexers, 1 XOR gate and an NOT gate. 

Sum =  (b ⊕ cin)a + (b ⊕ cin)a  

Carry = (b ⊕ cin)b + (b ⊕ cin)a 

 
Figure 2. Full Adder using 2 by 1 MUX (FA1) 

C. Full Adder using 4 by 1 MUX (FA2) 

 Mux based full adder circuit is obtained using two 4-to-1 multiplexers and an inverter (NOT gate). 

Sum = abcin + abcin + ab cin+ abcin 

S = cin (𝑎𝑏+ ab) + cin (𝑎b + ab) 

S = cin (a ⊕ b) + cin (a ⊕ b) 

SUM = a ⊕ b ⊕ cin 

Carry = (ab*0) + abcin + abcin + (ab*1) 

C = ab + cin (ab + ab) 

CARRY = ab + (a ⊕ b)cin 
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Figure 3. Full Adder using 4 by 1 MUX (FA2) 

 

D. Two by One MUX based Full Adder (FA3) 

 Mux based full adder circuit is obtained using two 2-to-1 multiplexers, 1 XOR gate and an XNOR gate. 

 
Figure 4. Two by One MUX based Full Adder (FA3) 

S = (a ⊕ b)cin + (a ⊕ b )cin 

Sum = a ⊕ b ⊕ cin 

Carry = (a ⊕ b)cin + (a ⊕ b )a 

3. IMPLEMENTATION OF 32-BIT ADDERS 

A. Ripple Carry Adder (RCA) 

 It is possible to create a logical circuit using multiple full adders to add N-bit numbers. Each full adder inputs a Cin, which is 

the Cout of the previous adder. This kind of adder is called a ripple-carry adder (RCA), since each carry bit "ripples" to the next 

full adder. Note that the first (and only the first) full adder may be replaced by a half adder (under the assumption that Cin = 0). 

RCA contains series structure of Full Adders (FA); each FA is used to add two bits along with carry bit. The carry generated 

from each full adder is given to next full adder and so on. Hence, the carry is propagated in a serial computation. Hence, delay is 

more as the number of bits is increased in RCA. 

 
Figure 5. 32-Bit Ripple Carry Adder (RCA) 
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B. Carry Increment Adder (CIA) 

 The design of Carry Increment Adder (CIA) consists of RCA’s and incremental circuitry. The incremental circuit can be 

designed using HA’s in ripple carry chain with a sequential order. The addition operation is done by dividing total number of 

bits in to group of 4bits and addition operation is done using several 4bit RCA’s. The architecture of CIA is shown in fig. 6 . 

 
 

Figure 6. 32-Bit Carry Increment Adder (CIA) 

 

 

 In carry increment adder, various RCA blocks are used to compute the results. The first RCA block is given carry-in as input 

along with addends to get carry (c1) and sum. For the rest RCA blocks, the carry-in is given as logic ‘0’ to get temporary sum 

(sum1) and temporary carry which are given to increment circuit. Increment circuit consists of half adders which add temporary 

sum and carries to get the actual sum (sum) and carry (cy). The carry-out of increment circuit is obtained by performing OR 

operation between carry (cy) and carry-out of the previous stage. As the carry-in for the RCA stages is logic ‘0’ and hence the 

carry propagation delay decreases.  

 

C. Carry Skip Adder (CSKA) 

 A carry-skip adder (also known as a carry-bypass adder) is an adder implementation that improves on the delay of a ripple-

carry adder with little effort compared to other adders. The improvement of the worst-case delay is achieved by using several 

carry-skip adders to form a block-carry-skip adder. Unlike other fast adders, carry-skip adder performance is increased with 

only some of the combinations of input bits. This means, speed improvement is only probabilistic. Carry skip adder uses the 

principle of skip logic in carry propagation. It is used to speed addition operation by adding a propagation of carry bit around 

entire adder. It consists two logical gates AND gate is used for carry -in bit which compares with propagated signals. 

 
Figure 7. 32-Bit Carry Skip Adder (CSKA) 
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4. SIMULATION RESULTS 

 
Figure 8. RTL Schematic of Conventional Full Adder (FA) 

 

 
Figure 9. RTL Schematic of Full Adder using 2 by 1 MUX (FA1) 

 

 
Figure 10. RTL Schematic of Full Adder using 4 by 1 MUX (FA2) 
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Figure 11. RTL Schematic of Two by One MUX based Full Adder (FA3) 

 

 
Figure 12. RTL Schematic of 32-bit Ripple Carry Adder (RCA) 

 

 
Figure 13. Simulation result of 32-bit Ripple Carry Adder (RCA) 

 

 
Figure 14. RTL Schematic of 32-bit Carry Increment Adder (CIA) 
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Figure 15. Simulation result of 32-bit Carry Increment Adder (CIA) 

 

 
Figure 16. RTL Schematic of 32-bit Carry Skip Adder (CSKA) 

 

 
Figure 17. Simulation result of 32-bit Carry Skip Adder (CSKA) 

 

5. SYNTHESIS REPORT 

 RCA, CSKA and CIA are designed by using Verilog HDL. These adders are simulated using different full adders. 

Simulation and synthesis are done by using Xilinx ISE 14.5 for the Spartan-3E family device with a speed grade of -5. 
 
 

 

 

 

 

 

 
 

Table 1. Comparison for different 32-bit adders with FA 
 

 LUTs Slices Delay(ns) 

RCA 

(FA1) 

64 37 37.456 

CIA 

(FA1) 

88 51 26.336 

CSKA 

(FA1) 

102 57 24.63 

Table 2. Comparison for different 32-bit adders with FA1 

 

 LUTs Slices Delay(ns) 

RCA 

(FA) 

64 37 38.665 

CIA 

(FA) 

88 50 26.57 

CSKA 

(FA) 

101 56 25.514 
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 LUTs Slices Delay(ns) 

RCA 
(FA2) 

64 37 38.665 

CIA 

(FA2) 

88 50 26.57 

CSKA 
(FA2) 

102 57 26.489 

Table 3. Comparison for different 32-bit adders with FA2 

 
 LUTs Slices Delay(ns) 

RCA 
(FA3) 

64 37 38.665 

CIA 

(FA3) 

92 52 26.354 

CSKA 
(FA3) 

102 57 26.465 

Table 4. Comparison for different 32-bit adders with FA3 
 

From the above tables, various comparisons for adders are obtained and observed. It is evident that using one of full adder the 

LUTs, slices  is very less for RCA by using any full adder when compared with CSKA and CIA whereas CSKA surpasses other 

two adders in terms of delay performance.  

The delay for RCA is more than the CIA and CSKA. It is also shown that delay is reduced for RCA, CIA and CSKA using the 

FA1. 

6. CONCLUSION 

 In this work, 32-bit Ripple Carry Adder, 32-bit Carry Increment Adder and 32-bit Carry Skip Adder for different full adders 

are designed and implemented using Verilog HDL and results are obtained by executing Verilog code in Xilinx 14.5 ISE for the 

Spartan 3E family device with speed grade -5. On performing synthesis, it is evident that the LUTs are less for RCA. The LUTs 

increased by 38% and 59% for CIA and CSKA respectively. The slices (area) are increased by 37% and 54% for CIA and 

CSKA respectively when compared with the RCA. CSKA with FA1 has 36% less delay than the RCA with FA and hence 

provides the least delay. It is also evident that the delay produced by opting to FA2 results in decrease of the delay for RCA, 

CIA and CSKA. Hence for implementation of RCA, CIA and CSKA, the use of MUX based full adder as basic cell will 

improve the performance in terms of the delay provided. Further, this work can be extended in designing and comparing for 

different sized adders like 64-bit, 128 bit. The work can also be extended in designing and comparing other 32-bit adders like 

carry save adder, carry look ahead adder and carry select adder. 
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