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Abstract— Arithmetic unit (AU) are the basic building 

blocks of microprocessors, microcontrollers and Digital 
Signal Processor. Adders are found to be the fundamental 

hardware unit for performing efficient arithmetic operations. 

A system that  contains a pipeline architectures must have 

low power consumption, high speed and occupies medium 

area in implement which is the minimum requirement for 

today’s technology. In this paper different 16 bit adders are 

studied and design is implemented with and without 

pipeline. Various adders such as Ripple Carry Adder(RCA), 

Carry Increment Adder (CIA), Carry Look Ahead Adder 

(CLA), Carry Select Adder (CSeA) performance is analyzed 

in terms of area, power dissipation and critical path using 

cadence are simulated results and functionalities are also 
verified. Parameters like area and speed is compared with 

various implementations. Analysis concludes that pipelined 

carry save adder is the more efficient in speed and area 

consumption. 
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I. INTRODUCTION  

In most arithmetic applications, in addition with adders 

along with combinational and sequential circuits are used as 

other parts of processor. Arithmetic operations like 

subtraction, multiplication and division can also performed 

by 2’s complement method, successive addition and 

successive division. Adders are basically a combinational 

circuit that performs the addition of three bits (two 

significant bits and previous carry). It is usually a 

component in a cascade of adders, which add8, 16, etc, 

binary numbers. Complex adder architectures are 

constructed generally from its basic building blocks such as 
Half Adder (HA) and Full Adder (FA) 

 
Fig. 1.1: Half Adder (HA) and Full Adder (FA) 

A one-bit full adder is a combinational circuit that 

forms the arithmetic sum of three bits. It consists of three 

inputs namely a, b, cin and two outputs namely Sum and Cout 

is shown in figure1.1 (b). The gate level and multiplexer 

based implementation of one bit full adder is shown in 

figure 1.2. 

 

 
Fig. 1.2: The gate level and multiplexer based 

implementation 

II. DIFFERENT TYPES OF ADDERS 

Adder topologies like Ripple carry adder (RCA), Carry 
look-ahead adder (CLA), Carry select adder and Carry 

Increment adder (variable-block-size) with a 4 bit size are 

implemented using Verilog HDL and synthesized using 

Cadence tools. Adders performance in terms Propagation 

delay, Cell Area and Power Dissipation were compared on 

the base of synthesis results.  

A. Ripple Carry Adders  

A ripple carry adder is a combinational circuit that produces 

the arithmetic sum of two binary numbers. It is constructed 

with full adders connected in cascaded configuration and 

carry of first full adder is given to next stage in order. Four 

full adders are interconnected to obtain 4-bit ripple carry 

adder as shown in fig. The sum output is represented by the 

bits s3:s0 
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Fig. 1.3: 4-bit ripple carry adder 

Bit Sum Carry 

0 S0 = A0 ⊕  B0 ⊕ Cin C0 = A0B0 ⊕  B0Cin ⊕ CinA0 

1 S1 = A1 ⊕  B1 ⊕ C0 C1 = A1B1 ⊕  B1C0 ⊕ C0A1 

2 S2 = A2 ⊕  B2 ⊕ C1 C2 = A2B2 ⊕  B2C1 ⊕ C1A2 

3 S3 = A3 ⊕  B3 ⊕ C2 C3 = A3B3 ⊕  B3C2 ⊕ C2A3 

Table 1: Mathematical mode of ripple carry adder as follows 

The output is obtained only after the carry 

generated is previous stage and the sum of the most 

significant bit is available after the carry waved through the 

adder from the least significant stage (LSB) to the most 

significant stage (MSB). As a result, the sum and carry of 
MSB bits are valid after a considerable delay. The most 

significant outputs of the adder depends on the least 

significant inputs  

B. Carry Select Adder 

An carry-select adder constructed by cascading 1-bit full-
adder, a carry-select block along with multiplexer. A carry 

select adder consists of two ripple carry adders, in which 

adder fixed constant 0 carry in, while the other is fed with a 

constant 1 carry-in. now both blocks parallel performs 

addition operation. After the arrival of actual carry-in signal, 

multiplexers selects the appropriate carry from the pre 

calculated partial sums. The resulting carry-out is selected 

and propagated to the next carry-select block. 

 
Fig. 1.4: Carry Select Adder 

Time taken by carry to propagate through an n-bit 

adder block is reduced from O(n) to the number of stages of 

delay to multiplexers. An n blocks of 1-bit carry-select 

adders results in a complexity of n multiplexers, again 

results in O(n) delay. Hence a partition with increasing 

block-size is selected. The delay through the carry-select 
adder  is O(sqrt(n)) at a hardware with a cost of O(3xn). 

C. Carry Increment Adder 

In carry increment adder architecture instead of computing 

two results for each block and selecting the correct one, only 

one sum is calculated and incremented afterwards if 

necessary, according to the carry input. Thus the second 

adder and the multiplexers in the carry select scheme can be 

replaced by a much smaller incrementer structure as shown 

in Fig.5  But differently, the computation of a second sum 

and carry bit is reduced to the generation of a propagate 
signa l per bit position 

Fig. 1.5: incrementer structure 

D. Carry Look Ahead Adder (CLA) 

Carry look ahead adder (CLA) is faster adder that generates. 

A carry-look ahead adder improves the speed by calculating 

the carry in advance based on the input signals. Carry look 

ahead adder depends on calculating digit position for each 

bit, which is propagating a carry if comes in from the LSB 

side and  Combining these calculated values for each group 

of digits will propagate a carry that comes in from the right. 

 
Fig. 1.6: Propagate (P) and generate (G) in a full-adder 

Propagate(P) and generate(G) in a full-adder is given as 

follows  

𝑃𝑖=𝐴𝑖⊕𝐵𝑖 Carry propagate 

Gi = AiBi Carry generate 

Both propagate and generate signals depend only on the 

input bits and generated after one gate delay.The new 

expressions for the output sum and the carryout are given 

by: 

Si = Pi ⊕ Ci-1 

Ci+1= Gi + PiCi 

A carry is generated if both bits Ai and Bi are 1 or if either 

Ai or Bi is 1 and the carry in Ci is 1 

To produce generate and propagate function, 4-bits 
are grouped instead of a single bit which acts as inputs for 

the group carry look ahead circuit. To transfer carry from 

LSB to MSB, all four of the propagate functions equal to 1 

and to represent the generation of a carry in positions 0, 1, 2, 

and 3, and its propagation to C4, generation of a carry in 

each of the positions is considered and represented by G0 
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through G3, and the propagation of each of these four 

generated carries to position 4 which is a group generate 

function. The propagate and generate group equations are  
created using the figure shown below. 

 
Fig. 1.7: The propagate and generate group 

Bit Sum Carry 

0 
S0 = A0 ⊕  B0 ⊕ 

Cin 
C0 = A0B0 ⊕  B0Cin ⊕ CinA0 

1 S1 = A1 ⊕  B1 ⊕ C0 C1= P0C0+C0 

2 S2 = A2 ⊕  B2 ⊕ C1 C2=P0P1C0+G0P1+G1 

3 S3 = A3 ⊕  B3 ⊕ C2 C3=P2G1+P2P1G0+P2P1P0C0+G2 

Table 2: Mathematical equation for carry look ahead adder 
is given below 

To propagate a carry group generates function form C0 to C4 

is   

P0−3 = P3P2P1P0 
To generate a carry group generate function form C0 to C4 is   

G0−3 = P3P2P1G0 +  P3P2G1 + P3G2 + G3 

III. PERFORMANCE ANALYSES OF ADDERS 

Performance of adders was simulated and synthesized using 

nclaunch and cadence virtuoso. Power dissipation was 

measured using rc. Adders with and without pipeline were 

implemented using verilog HDL and tested in the design for 

90nm technology and fast library in cadence. 

The results of different 16 bit adders topology such as 

Ripple Carry Adder(RCA), Carry Increment Adder (CIA), 

Carry Look Ahead Adder (CLA), Carry Select Adder 

(CSeA) performance is analyzed in terms of area, power 

dissipation and critical path using cadence are simulated and 
synthesized is shown in table  

Without Pipelining With Pipelining 

Ad

der 

Propa
gation 

delay 
(nS) 

Cell 

Are
a 

Power 
Dissipat

ion 
(mW) 

Propaga
tion 

delay 
(nS) 

Cell 

Area 

Power 

dissipati
on(mW) 

RC
A 

5.6 
225
9 

0.781 5.2 2365 0.811 

CL
A 

4.4 
231
4 

0.989 3.9 2413 1.239 

CI

A 
4 

235

0 
1.146 3.6 2556 1.349 

CSe

A 
3.76 

242

0 
1.316 3.4 2631 1.489 

Table 3: Area & Power Comparison 

Multiplier is very important modules of computer 

system which consists of adders, that is considered as one of 

the fundamental arithmetic unit. In fact 8.72% of 

instructions of scientific program are multiplies. However, 

multiplication consumes more amount of time to perform 
tasks like addition and shifting. Therefore, high-speed 

multipliers constructed using pipeline adders of Carry select 

look ahead adders is a crucial requirement for with a high 

speed computing machines. The multiplier uses the addition 

operation for all the partial products. The adder can be any 

type like ripple adder, a carry-look-head adder, or any other 

adder [1). However, using a fast adder for the multiplier 

improves the overall performance of the multiplication 

operation which is desirable to implement cryptographic 

algorithms in hardware 

IV. CONCLUSION 

In this work, an exhaustive analysis of adder topologies in 

90nm technologies has been carried out. The comparison 

has been performed with area, delay and power dissipation. 

Even though the pipelined Carry look ahead adder occupies 

more cell area and according to the presented results, the 

adder topology which has the best compromise between 

area, delay and power dissipation is carry look-ahead are 

suitable for high performance with medium power 
dissipation. Adder topologies like ripple carry adder are 

suitable for low power applications with maximum delay  
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