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Abstract 

This paper presents a study on the low power high speed carry select adder. Carry select adder (CSA) is one of the fastest adders 

having less area and power consumption. It generates partial sum and carry by considering carry input Cin=0 and Cin=1, the 

accurate sum and carry are selected by the multiplexers. The carry-select adder (CSA) commonly consists of two ripple carry 

adders and a multiplexer. Adding two n-bit numbers with a carry-select adder is done with two adders (therefore two ripple carry 

adders) in order to perform the estimate twice, one time with the base of the carry being zero and the other assuming one. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Addition is one of the four elementary operations in mathematics, the other being subtraction, multiplication and division. In digital 

systems, addition forms the most important operation. This is primarily because we can perform operations like subtraction, 

multiplication and division using the addition operation. Hence the design of a very fast, accurate and a lower power consumption 

adder directly results in the increased speed of the device for faster computational purpose as well as an improved life. 

Adders play a role of heart for computational circuits and other complex arithmetic circuits, based on its addition. Its arithmetic 

functions attracts a lot of researcher’s attention to adder for mobile applications. These adder cells mainly designed to increase 

speed and also to reduce more power consumption. Various approaches realizing adders CMOS technologies also investigated by 

these studies. It is necessary for designers to work within a very tight leakage power specification in order to meet product battery 

life and package cost objectives for mobile applications. Adder is still plays an important role though many people focus on more 

complex computation such as multiplier, divider circuits in arithmetic computations. There is no general architecture for measuring 

performance equally, so several algorithms are implemented in literature to overcome issues after under different conditions which 

possibly result in variable performance even implemented with the same algorithm. 

It uses multiple pairs of Ripple Carry Adders (RCA) to generate partial sum and carry by considering carry input Cin and Cout 

then the final sum and carry are selected by the multiplexers (MUX) because, the CSA is not area efficient. Depends upon the great 

extent on the type of design style used for implementation as well as the logic function realized using the particular design style, 

full adder performs their function. To achieve a reasonable power delay product with high noise margins, with relatively higher 

tolerance to process variations, CMOS implementation allows circuits. 

II. MOTIVATION 

As the scale of integration keeps growing, more and more sophisticated signal processing systems are being implemented on a 

VLSI chip. These signal processing applications not only demand great computation capacity but also consume considerable 

amount of energy. While performance and Area remain to be the two major design tolls, power consumption has become a critical 

concern in today’s VLSI system design. The need for low-power VLSI system arises from two main forces. First, with the steady 

growth of operating frequency and processing capacity per chip, large currents have to be delivered and the heat due to large power 

consumption must be removed by proper cooling techniques. Second, battery life in portable electronic devices is limited. Low 

power design directly leads to prolonged operation time in these portable devices. 

 Ripple Carry Adder 

Arithmetic operation like addition, subtraction, multiplication, division are basic operation expected implemented digital computer 

for basic gates among all arithmetic operation if we can implemented addition earlier it is easy to perform multiplication repeated 

addition .Half adders can be used to add two one bit binary numbers .it is also possible to create a logical circuit using multiple 

adder to add N bit binary number. Each full adder inputs carry, which is the output carry of the previous adder. This kind of adder 

is a ripple carry adder, since each carry bits “ripples” to the next full adder. The first full adder may be replaced by the half adder. 

S = A  B Cin 

Cout = AB + BC + CA 
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Fig. 1: Block Diagram of 4-Bit Ripple Carry Adder 

 Delay of Ripple Carry Adder 

In the N-bit ripple carry adder, the delay time can be expressed as:  

TRCA = (N-1) Tcarry + Tsum  

In the N-bit carry select adder, the delay time is:  

TCSA =Tsetup + (N/M) Tcarry + MTmux + Tsum 

 Drawback of Ripple Carry Adder 

Drawback of this adder is that the delay increases linearly with the bit length. Because it propagates the one full adder output carry 

to another so it takes more time to generate the output. 

 Carry Select Adder 

After the two results are calculated, the correct sum, as well as the correct carry, is then selected with the multiplexer already the 

correct carry is known. 

The number of bits in each carry select block can be uniform, or variable. In the uniform position, the optimal delay occurs for 

a block size of (√n) When variable, the block size should have a delay, from addition inputs A and B to the carry out, equal to that 

of the multiplexer chain leading into it, in case the carry out is calculated just in time. The o (√n) delay is derived from same sizing, 

where the ideal number of full-adder elements per block is approach to the square root of the number of bits being added, since 

that will accord an equal number of MUX delays. The basic block diagram of carry select adder is shown in Fig2. 

 
Fig. 2: Basic block diagram of carry select adder 

Above is the basic block diagram of a carry-select adder. Two 4-bit ripple carry adders (RCAs) are multiplexed mutually, to 

what place the resulting carry and sum bits are selected by the carry-in. Such one ripple carry adder assumes a carry-in of 0, and 

the distinct assumes a carry-in of 1, selecting which adder had the correct assumption for the actual carry-in yields the desired 

result. 

CSA is used in multiple computational systems to solve the problem of carry propagation delay by fundamentally generating 

multiple carries and then the select a carry to generate sum. However, CSA is not area efficient because it uses multiple pairs of 

RCA to prompt partial sum and carry by considering carry input Cin=0 and Cin=1, then the final sum and carry are selected by 

multiplexers.  
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 Linear Carry Select Adder 

A number of equal-length full adders are used to design linear carry select adder. Fig 3 shows that a 16-bit carry-select adder with 

a uniform block size of four can be created all of three of these blocks and a 4-bit ripple carry adder. Since carry-in is known at the 

beginning of computation, a carry select block is not needed for the first four bits. The delay of linear carry select adder will be 

four full adder delays, with three MUX delays. 

 
Fig. 3: Linear carry select adder 

 Drawback of Linear Carry Select Adder 

The drawback of Linear carry select adder is using n blocks of 1- bit carry select adders would incur a complexity of n multiplexers. 

This result in delay of O (n) which is same as that of ripple carry adder. So need of square root carry select adder which is the 

modified version of linear carry select adder.  

 16-Bit Regular Carry Select Adder 

A regular carry Select Adder is a particular process to implement an adder, which is a logic component that computes the (n+1) 

bit sum of two n-bit numbers. The regular carry-select adder is simple but rather fast. The regular carry-select adder commonly 

consists of two ripple carry adders and a multiplexer. Adding two n-bit numbers with a carry-select adder is done by all of two 

adders (therefore two ripple carry adders) in order to perform the calculation twice, one time with the assumption of the carry being 

zero and the other assuming one. After the two results are calculated, the correct sum, as well as the correct carry, is formally 

selected with the multiplexer once the correct carry is known. The structure of a 16 bit regular CSA is shown Fig 4. 

 
Fig. 4: 16-Bit Regular carry select adder 
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 Working of Regular CSA 

A carry-select adder is distributed into sectors, each of which, except for the least significant performs two additions in parallel, 

one assuming a carry-in of zero, the other a carry-in of one within the sector, there are two 4-bit ripples carry adders receiving the 

same data inputs but different Cin. The upper adder has a carry in of zero, the lower adder a carry-in of one. The actual Cin from 

the preceding section selects one of the two adders. If the carry-in is zero, the sum and output carry mean carry-out of the upper 

adder are selected. If the carry-in is one, the sum and carry-out of the lower adder are selected. Logically, the result is not different 

if a single ripple-carry adder were used. First the coding for full adder and different size of multiplexers of 6:3, 8:4, 10:5, and 12:6 

was done. Then different bit of ripple carry adder of 2, 3, 4 and 5 was done by calling the full adder. The regular 16- bit regular 

CSA was created by using the ripple carry adders and all multiplexers based on circuit. It has five groups of different size RCA. 

The delay and area of each group has to be evaluated. To do this, we first need to manage the delay and area of each of the basic 

adder blocks used in the structure of the regular CSA. 

 16 - Bit Regular Square Root Carry Select Adder 

In 16- bit regular square root carry select adder (SQRT-CSA) has five groups of different size RCA. Each group contains dual 

RCA and MUX. The delay and area of each group is evaluated and at be finds the total area and delay. The 16- bit regular square 

root carry select adder (SQRT-CSA) is shown in fig. 5. 

 
Fig. 5: 16- bit regular square root carry select adder 

III. CONCLUSION AND FUTURE SCOPE 

This paper presents a study on RCA and CSA and their operations. However, there are certain drawbacks in the current design of 

RCA and CSA i.e. Power Consumption and delay. The further work can be done on to minimize the power and optimizing the 

delay. There are several techniques to do so such as Power gating, GDI, DTCMOS etc.  
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