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ABSTRACT 

Adders are commonly found in the critical path of many building blocks of the 

microprocessors and also digital signal processing chips. Adders are essential for not only 

addition, but also essential for subtraction, multiplication, and division. Addition is one of the 

fundamental arithmetic operations. A fast and accurate operation of the digital system is mostly 

influenced by the performance of the respective adders. The most important constraints of the 

adder designs are the area, power, speed, timing, number of cells and delay. 

As day by day digitalization is increasing in every application and so that the speed of 

processors are increasing. So, to fulfil the demand of digitalization we need adders which 

provide us accurate outputs with very less consumption of the constraints given above. 

In this we have validate different types of adders like ripple carry adder, carry look ahead 

adder, carry select, carry skip and carry save on the bases of area, power and delay. The 

simulation and synthesis is done on industry standard tool Cadence on which we have worked on 

different technologies like 45nm, 90nm, 180nm.  

Depending upon the parametric analysis these fast adders have utilized in Multiplier 

Accumulator Unit (MAC) in DSP application. 
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CHAPTER 1                         INTRODUCTION 

 

Adders are the vital components of the CPU (central processing unit) in today’s Digital 

world. They are used in floating point calculations, ALUs, also in order to compute addresses of 

memory. In other applications like microprocessors and digital signal processors (DSP) 

architectures full - adders plays important role. The real revolution came into existence when 

reduction of operating voltage and continuous scaling of the transistor size has led to a 

predominant enhancement of the integrated circuits(IC).  They play important role in the 

packaging of FPGA device and fast performing devices with low power consumption, high speed 

and smaller area. In Digital Signal Processing (DSP) and Central Processing Unit (CPU) adders 

are the most normally used arithmetic block, hence optimizing power is of most importance. 

Speed of a circuit increases rapidly with scaling technology to the depth of sub-micron and also 

power consumption increases significantly per chip with respect to increase in the density of the 

chip. Further, High-speed and low power are the two important factors that needs to be 

considered in realizing modern (VLSI) Very Large Scale Integration circuits. In case of circuits’ 

design, the low-power adders with high-performance can be given at various different levels, 

such as in the process technology, the logic style, architecture and layout,.  

The composition of large number of single-bit full adders becomes ripple carry adder. 

The architecture of the carry ripple adder circuit is easy. but speed of the circuit is slow because 

every adder start’s operating only when previous output carry signal becomes ready. More 

complex than ripple carry adder is that which consumes high power but high speed in operating 

like the carry skip adder, carry look- ahead adder, carry select adder and carry increment adder. 

 

What actually is an adder? 

The adder is a circuit which performs the summation of two given inputs termed in digital 

electronics. In order to perform any operation this is the basic circuit.  The adder’s are  not only 

used in the different parts of the processor but also used as the part of the ALU(s), where they is 

need to table lists, compute addresses, and many more. 
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The operation of an adder is carried out like :  0+0=0    0+1=1    1+0=1    1+1=10 

Different types of adders: 

They are of two type of adders: 

▪ Full Adder 

▪ Half Adder  

1.1 Half Adder: 

It is the one which performs summation of two single individual binary bits’ x and y is an 

Half adder. It will generate two outputs, carry [C] and sum [S]. When two multiple bits are added 

the excess which goes into the next bit is the carry signal. For ex, in the above case when both 

inputs are entered as 1 then it resulted in 10 i.e., here 1 get’s shifted to next bit the sum would be 

0 and hence carry would be only 1. The pictured below is the normal half-adder design, in which 

for generating the sum we use xor gate and for generating carry we use and gate. The half adder 

will  generate output of a carry and sum by adding  two single digit input.  

The half adder circuit is as follows: 

 

Fig 1. Half-Adder 

Table 1. The truth table of the Half-Adder: 

Input X 0 0 1 1 

Y 0 1 0 1 

Output Sum 0 1 1 0 

Carry 0 0 0 1 
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1.2 Full Adder: 

The one which sums the binary digits and notes the digits that are carried in and also out is 

known as full adder. In case of full adder the summation operation is done for three one-digit 

numbers, which are written as X, Y, and Cin. X and Y can be called as operands, and input Cin 

is a bit which is sent from previous digit. Which actually generates a two bits as output, which 

are sum and carry that are given as the Cout that is carry out and sum signal output as S. 

The full adder circuit is as follows: 

 

Fig 2. Full-Adder 

It is also done with the help of two half adders to which A and B as input of one half adder, and 

output is the sum of it is given as an input to the next half adder, and Cin is provided as second 

input to same half adder and or the two carrys which  results a Full Adder. The circuit using half 

adder is as shown below. 

 

 

Fig 3. Full-Adder using Half-Adder 
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Table 2. The truth table for the full adder is: 

 

Inputs 

A 0 0 0 0 1 1 1 1 

B 0 0 1 1 0 0 1 1 

Carry in 0 1 0 1 0 1 0 1 

Outputs Sum 0 1 1 0 1 0 0 1 

Carry out 0 0 0 1 0 1 1 1 

 

It usually a part of complex adders, that add 8, 16, 32, etc. binary digits. Many different 

types of complex adder’s can be implemented by using these Full adders and Half adders. 
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CHAPTER 2                   COMPLEX ADDERS 

 

Complex Adders are the one that are combination of full adders and half adders. Many complex 

adders are out in our digital world out of which some of them are given below:  

▪ Ripple Carry Adder 

▪ Carry Look Ahead Adder 

▪ Carry Select Adder 

▪ Carry Skip Adder  

▪ Carry Save Adder 

 

2.1 Carry Ripple Adder:  

As word specifies this adder is the one that ripples the carry to next stage which is sent 

from the previous bit. It is combination of n full adders. So, the full adder output carry would be 

provided to the preceding full adder as input. Drawback of this adder is that it must wait for all 

the previous carry to generate the final carry.  The circuit of the carry ripple adder as given 

below 

 

Fig 4. Carry Ripple Adder 
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Operation of carry ripple adder: 

 In the above example we are considering 4bit Ripple carry adder. In which we require 4 

full adders. Let inputs are A, B then first bit of A and B are given to first full adder, and third 

input for the first full adder is Cin. Later carry and sum is generated. Further Carry out of first 

full adder is provided as input bit to second full adder and second bit of inputs as inputs to the 

second full adder then the outputs carry and sum have been processed and it goes on till n bits. 

2.2 Carry look ahead adder: 

It is another complex adder. Which uses concept of generate the carry and propagate the 

carry. However, the concept of operation of generating carry and propagating carry is as the 

following. 

For carry generate we use G = A * B. 

For carry propagate we use P = A xor B. 

The circuit diagram for carry look a-head adder is given below: 

 

Fig 5. Carry Look Ahead Adder 

Procedure of carry look ahead adder: 

 To generate carry propagate and carry generate, the addition digit is carried out then the 

summation would be generated else the least significant bit(LSB) carries and summation is 

propagated. If the expression is represented, as Ci is carry in digit of the bit i, then Pi is 

propogate, Gi is the generate bit of bit i, 
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Ci+1 = Gi+ (Pi * Ci) 

The summation of every digit of the sequence, the Carry Look Ahead Logic shall provide 

either the digit pair will propagate the carry or generate the carry. Which will allow the operation 

to "pre-process" the summation of input digit pairs which provide the time of carry ahead. 

Further, when original summation is processed, then there would be no delay for the carry ripple 

effect. Above given is generalized 4-bit Carry Look Ahead block which is combination of 4-bit 

Carry ripple adder with the few adjustments: 

For sample given, logic of carry generates (g) and carry propagates (p) equations are 

provided following. Out of which numbers in below equations are the input signals, initiating 

from 0 least significant bit to 3 most significant bit: 

C1 = G0 + ( P0 * C0 ) 

C2 = G1 + ( P1 * C1 ) 

C3 = G2 + ( P2 * C2 ) 

C4 = G3 + ( P3 * C3 ) 

 

Further keeping C1 in C2, then C2 in C3 and C3 in C4 we get 

C1 = G0 + ( P0 * C0 ) 

C2 = G1 + ( P1 * G0 + ( P1 * P0 * C0 )) 

C3 = G2 + ( P2 * G1 + ( P2 * P1 * G0 + ( P2 * P1 * P0 * C0 )) ) 

C4 = G3 + ( P3 * G2 + ( P3 *P2 * G1 + ( P3 * P2 * P1 * G0 + ( P3 * P2 * P1 * P0 * C0 )) ) ) 

 

 

2.3 Carry Select adder: 

It is another complex adder which is a conditional sum adder. It is constructed with sharing of 

logic values commonly for sum generation. For sharing them commonly, a inverter with a xor 

gate are used to perform addition outputs which are given below figure. When input carry-in is 

be ready, then it can generate accurate sum depending on the input carry-in signal. Further for 

the output carry, It should use one and gate & one or gate to find out possible input carry values 
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before generating. Finally when the carry-in bit would be ready, it can find out the accurate 

output carry out based on the input carry-in bit. 

 

Fig 6. Carry Select Adder 

Operation of Carry select Adder: 

It uses a pair of ripple carry adders & a single multiplexer. Summation of the pair of n-digit 

numbers of it would be performed using the both adders in order to do the operation two times, 

once by taking the carry in (Cin) as one and the other time taking the carry in (Cin) as zero. 

When both the results are evaluated, then the correct carry out and also the actual sum is 

generated with the help of multiplexer once the original carry in is known. 

 

2.4 Carry Skip adder: 

It is also known as Carry Bypass Adder which is another type of complex adder. The operation 

of this adder has reduced the delay over ripple carry adder than the other adder. The 

enhancement of least delay is done using many carry skip adders combine to form a single carry 

skip-adder block. It has created to increase the operation through summing produced carry digit 

to the whole adder. The resultant circuit [1] is given in following figure for a 4bit adder. The 

input carry-in digit is provided as Ci and further the adder produces the output carry-out digit 

(Ci+4) by itself. Carry skip circuit utilizes a pair of logic gates. The (and) gate is utilized to use 

the carry-in then finally compares with the propagate signal group. 

P(i,i+3) = Pi+3 * Pi+2 * Pi+1 * Pi 
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With help of above results, the generated output of (and) gate provided as input to (or) gate with 

Ci+4 to generate final Carry out.  

Carry = Ci+4 + P(i,i+3) * Ci 

 

 

Fig 7. Carry Skip Adder 

Operation of carry skip adder: 

From the above circuit, when P(i, i+3) = 0, which results in output group carry out is controlled 

using (Ci+4) value. Further, when P(i,i+3)’ = 1, further input carry digit is Ci. = 1, then input 

carry-in block would be consequently sent to the following adders group. This adder’s named as 

“carry skip adder” due to the P(i,i+3)*Ci condition. If it is valid and then it skips the entire block. 

 

2.5 Carry Save adder: 

It is the one with low spread delay [4] (basic way), however it either of summing both input bits 

to an individual output sum, it sums the three input bits to a two output bits. At last, then its 

outputs are added to a conventional carry ripple adder or carry look ahead, which will generate 

the entire inputs output as sum. 

While summing at least three bits together, the sequence of carry-save adders [2] is been ended 

by a individual carry-look ahead adder that gives much preferable propagation delays over the 

sequence of carry look a-head adder. Specifically, it’s spread delay is not influenced by the width 

of the bits being included. 
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Fig 8. Carry Save Adder 

 

Operation of carry save adder: 

It is the complex adder which is completely combination of array of parallel full adder, 

with each of three input bits A, B, and cin which are loaded into each full adder's as inputs. 

Every full adder output, Sum is then associated with respective individual output bit, and then 

output of it (Cout) is associated with output of upcoming significant bit of the output second and 

also the most reduced one of output second is then provided by the Cin input of carry-save. 
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CHAPTER 3                REVIEW OF LITERATURE  

 

The chapter is focused on review of literature of different fast adder designs. To conclude this 

topic many journals, articles, conference papers have been studied. Some of them are described 

as below. 

Pooja Kansliwal, Mahendra vucha, Rashmi Solanki, Prashant Gurjar (2011) [1]: This paper 

tells about the equipment usage of the different high speed adders. That are like full adder, carry-

look a-head adder, carry_skip adder, carry ripple adder, carry select adder, these are integrated & 

recreated in the Xilinx-ISE 9.2i stage, whose output  parameters caught like region and speed are 

thought for 16-bit and 8–bit adders . 

Reena Rani, Laxmi Kanth Singh, Neelam Sharma (2009) [2]: In this paper numeric 

operations are performed with the help of a greater radix system, for example, Quaternary Signed 

Digit (QSD). They rely of Quaternary stamped digit structure. In QSD, every bit is addressed by 

a bit between 3 to -3. Pass on development, intensive operation on broad number of bits, for 

instance, 64, 128, and higher shall completed using unfaltering deferral, less diserse quality. 

FPGA instruments are used for Hardware implementation of these circuits. The arrangements 

mirrored using modalism programming and joined with the help of Leonardo Spectrum. 

Nuno Roma, Tiago Dias, Leonel Sousa (2012) [3]: In this paper a point by point connection 

examination of the couple of fast adder structures for prevalent VLSI configuration is done. The 

appraisal of those structures is firstly finished in perspective of a clear gate check show range and 

input concede unit of time. The results gained with such model were then endorsed by using two 

totally uncommon real execution improvements, specifically CMOS consolidated circuits and 

Field Programmable Gate Arrays (FPGA). Test comes to exhibit that among the showed and 

evaluated topologies, the adder configuration in perspective of the radix-2 repetive association 

converter offered the slightest defer when realized with any of the considered advances. 

Regardless, it was in like manner the topology that required the most elevated measure of 

component. The presented results can be seen as a critical resource in the assurance of the most 

reasonable adder used to perform the operation in specific technology. 
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Jasbir Kaur, Lalith Sood (2015) [4]: In this paper, the execution of the different adders, for 

example, the Carry skip adder, the Carry increment adder, Ripple carry adder, the Carry look a-

head adder, the Carry select adder , the Carry save adder are talked about, they are analyzed in 

the premise of their execution parameter’s, for example speed, power circulation and area.. 

Akash Kumar, Deepika Sharma (2013) [5]: This paper tells about the comparative evaluation 

of the delay and speed of different varieties of adder just like the carry by-pass adder, the carry 

ripple adder, carry-look a-head adder, the carry select adder to generate high pace 32-bit MAC 

unit. The design is simple for carry ripple adder but it is well appropriate for just addition of the 

less width operand due to the postpone which is increasing linearly with width of operands. The 

carry bypass adder calls is hardly ever large than the area required by using the ripple carry 

adder. Postponement of the carry look a-head adder is much less as examine to other. A ripple 

carry adder would be slow than carry-look adder however carry look adder require comparingly 

large area. For high-speed multiplication and accumulation, we can use carry-look ahead adder 

for 32-bit MAC unit. In reality, the multiplier of carry-look a-head adder is two times of velocity 

of multiplier. 

George Joseph, Anand N. Jayakrishnan , P. Johny S Raj (2012) [6]: In this paper usage of 

carry ripple adder, Kogge Stone-adder, carry select with Kogge Stone-adder have been 

performed in Virtex five FPGA device x5vlx20t and the use of Xilinx, generation delay have 

been calculated of the adder systems. The Kogge Stone adder is small delay than the alternative 

adder systems. As a result carry select of Kogge Stone adder good result, may be used as a high 

speed processors for speed carry community of adder circuit. Combining carry select to the 

Kogge Stone adder, may leads to a good and efficient adder for super speed processor which is 

carried and utilized for high velocity compute application. 

R. P. P Singh, Praveen Kumar, Balwinder Singh (2009) [7]: In this paper, the overall 

performance analysis of the exceptional fast adders has been accomplished. The evaluation 

started on the premise of the following parameter performances i.e. Power consumption, area, 

and speed. However they'd presented a layout technique for the hybrid carry skip adders/carry 

look ahead. The usage of each fix and the variable block length has changed carry bypass adder. 

In conventional carry bypass adder, to generate carry for subsequent block each having ripple 

carry adder & skip logic has performed after every block. The velocity of depends upon at the 
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carry forward from the preceding block to the subsequent block. In carry by-pass adder, we use 

the bring appearance in advance common sense in every block for generating the deliver to 

further blocks. Then changed carry by-pass adder’s with the fixed circuit require greater CLB’s 

due to the deliver appearance of Carry look ahead logic, whereas the circuit chematic, location 

would be carried out.   

José Luís Güntzel, Jucemar Monteiro, Luciano Agostini (2011) [8]: This paper implemented 

the 2 different version for add-one carry select adder (A1CSA), that is enhanced under the bases 

of cell of Very Large Scale Integration layout flow. Those architectures, at the side of the CRA 

were synthesized for the 45nm technology TSMC fixed cell libraries used from Synopsys layout 

Compiler under Topographical mode along with other conventional adder architecture (CLA and 

CSA). (A1CSA and A1CSAH) are the two less energy dissipation add-one carry select adder 

appropriate for standard-cells synthesis. On common, 22.2% less amount of area compared to 

that of carry-select Adder hence synthesis effects has given that A1CSA is the smallest fast adder 

requiring, on. Also, they confirmed that an average, 10.8% quicker, 3.4% more strength-efficient 

over that of the carry-look ahead Adder for the A1CSAH , similar to the high-quality choice for 

the excessive efficiency, pace are addition. 

Kiran.M, Pavan Kumar.M.O.V (2013) [9]: In this paper it has defined that the comparative 

overall performance for fast implementing adders inclusive of Advanced CSLA, CSLA, PPA, 

Kogge stone structure, Ling adder on the excellent working frequencies. The results shows that 

parameters of power and area the Ling adder has a good deal better. There s a variation in the 

area and power which is reduced to 75% for 71MHz operating frequency. In 45nm technology 

these designs are performed using CADANCE layout tools . It's showed low power and low area 

for the Ling adder architecture designed. It is efficient and easy for VLSI hardware 

implementation. 

Ramanath J Nayak, Ravikumar A Javali, Manjunath C Lakkannavar, Ashish M Mhetar 

(2014) [10]: In this paper after evaluating the timing consequences comparison for the carry save 

adder by carry ripple adder, carry look ahead adder for convey appearance in advance adder they 

have told that the performed design i.e. carry save adder with carry look a-head adder has set 

27.5% quicker. Hence this CSA far utilized for Fast Fourier transform (FFT), Digital signal 

Processing (DSP) and also for different packages for which timing constraints have critical in 
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which they have able to capable of meeting time necessities, progress in performance and also on 

the bases of a few energy and area. 

S. Salivahanan, V. Kavinilavu, Samiappa Sakthikumaran, V. S. Kanchana Bhaaskaran, C. 

Vinoth and B. Brindha (2011) [11]: In this paper, they have proposed the design which is less 

complicated result for enhancing rate of carry select adder. The CSA has the drawback of having 

high chip location, that triumph over use of the generated 4-bit incrementor unit. The generated 

unit is likewise located to use much less energy. It may be used to speed the very last summation 

in parallel multiplier design and different architecture that makes use of adder design. The shape 

that is synthesized with the help of Synopsys front-end package deal the usage of SAED 90nm 

generation. 

Rajwinder Kaur, Amit Grover (2015) [12] : In this paper, the prevailing carry select adder and its 

designing technique in the VLSI design has been defined. Even though those diverse designing 

approach which defined above are proved to make more talented carry select adder having less 

power utilization and less area than the opposite adders. More recent modification can focus on 

reaching extra advanced power-area-delay carry select adder for processor processing processor 

in very large scale integration layout. 

Laxman Shanigarapu, Bhavana P. Shrivastava (2013) [13]: A uique method that has been derived 

in this paper to decrease the location, energy and delay for SQRT CSLA architecture. Which 

indicates layout for carry select adder implemented by the use of D-Latch and in comparison 

with normal CSA and modified CSA(BEC and without the usage of Multiplexer). Which are 

applied on Spartan XC3S500E FPGA device and the overall performance is verified. Area and 

power is calculated with the aid of the use of synopsys RTL tool. This paper having higher 

outcomes when as compared to CSA and changed techniques. 

Aamir A. Farooqui, Vojin G. Oklobdzija ()[14]: They had proposed layout and 

implementation of MAC unit, which could carry out 32x32, 32x16, and pair of 16x16 

multiplication, resulting a throughput of two, 1, and 1 cycle. In which multiplier, Booth encoding 

& 3-dimensional (TDM) method has been used, to result high speed multiplier. Unique circuit 

has generated to house all types of operands (sign or unsigned) also to deal with sign extension. 
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Changed booth algorithm combined with TDM and sign correction circuit effects for multiplier, 

with a delay (ppa) equal to six xor gates. 

Abdelgawad (2013) [15]: They have designed a quick and less energy consuming multiply 

accumulate (MACC) Unit. Whose outcome shows that designed approach the other merging 

techniques. Final results indicates as the proposed 32-bit MAC unit reduces 5.5% of the location, 

9% of the power, and delay by means of 13%. Finally, they like to emphasis the novelty and 

simplicity of that MAC unit to be utilized in DSP for WSNs future nodes. 

David B. Roberts and Yuyun Liao (2002) [16]: In this paper, to satisfy the high requirement of 

almost high level DSP packages, a performance high and energy low 32-bit mac unit was 

designed. Which reaches 600 MHz in 1.3 V and 150 MHz at zero.7 V, further 800 MHz in 1.6 V. 

The excessive throughput rate is completed through utilizing a mixing length-encoding scheme 

& brand-new multiply accumulator structure which is more suitable DSP. The less energy intake 

is performed by the use of CPL at the critical data paths, static COMS on the relaxation of the 

MAC for numerous power reduction techniques. 

Ohsang Kwon, Kevin Nowka, Earl E. Swartzlander, Jr. (2002) [17]: In this paper, a new 

rapid 5:3 compression approach is derived from a quick 2-bit adder cell. It has the delay of 2 

_xor whilst a brand new logical decomposition is used. Further, its one-level dynamic CMOS 

circuit is proposed for exceedingly customized layout methodology. For the partial product 

reduction of a sixteen-bit with the aid of 16-bit MAC, the use of the brand new 5:3 compressor 

cell ends in 14.3% speed development in the form of xor delay. In distinctly custom designed 

dynamic CMOS circuit implementation, 11.7% speed development is determined with 8.1% 

much less power consumption in 0.225 μm bulk CMOS technology. 
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CHAPTER 4                      SCOPE OF STUDY 

 

Adders are the most basic components of the CPU (central processing unit) in today’s 

Digital world. They are used in floating point calculations, ALUs, also in order to compute 

addresses of memory. In other applications like microprocessors and digital signal processors 

(DSP) architectures full - adders plays important role.  

As day by day digitalization is increasing in every application and so that the speed of 

processors are increasing. So, to fulfill the demand of digitalization we need adders which 

provide us accurate outputs with very less consumption of the constraints given below. 

The accuracy of the digital devices is mostly determined by the operation of respective 

adders. The most reviewed constraints for designing the adder are area, power, speed, timing, 

number of cells and delay. So, Adders with optimized area, power efficient i.e., consumes very 

much less power, high speed and also performing the operation using the less number of cells. 

4.1 Objectives of study: 

• To design 4-bit and 8-bit Carry Select Adder, Carry Skip Adder and Carry Save Adder. 

• To design Verilog code i.e., main module and test bench for all the three adders. 

• To implement the code in Xilinx and Cadence NCsim and generate the waveform and 

RTL on different technologies  

• To analysis the Timing, Area, Power on 45nm, 90nm, 180nm technologies. 

• To compare the different parameters for different technologies. 

4.2 Tools/ Software’s used: 

Xilinx, Cadence NCsim 

4.3 Technologies used: 

45nm, 90nm, 180nm. 
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CHAPTER 5          RESEARCH METHODOLOGY  

 

5.1 PROBLEM FORMULATION: 

As day by day digitalization is increasing in every application and so that the speed of 

processors are increasing. So, to fulfil the demand of digitalization we need adders which 

provide us accurate outputs with very less consumption of the constraints given below. 

The high speed and the exact operation of the digital devices is mostly derived by the 

accuracy and speed of the respective adder. The most noted constraints for the adder designs are 

the area, power, speed, timing, number of cells and delay. 

 

5.2 DESIGN APPROACH: 

 To design these fast adders, we have studied various papers. To implement them we need 

Verilog code i.e., main module and test bench. After getting the module for respective adders we 

tried to simulate the module in Xilinx and cadence NCsim tool, at this time we get the simulation 

result for different input combination. For synthesis of delay and power we use fast.lib and 

slow.lib where we check the delay and power at 45nm, 90nm, 180nm technologies. So, finally 

our main aim is to compare these techniques at the different technologies. 
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CHAPTER 6                      RESULTS AND DISCUSSION  

 

6.1 SIMULATION AND SYNTHESIS RESULTS OF 4BIT FAST ADDERS: 

6.1.1.1 CARRY SELECT ADDER: 

Carry select adder has been implemented in Xilinx and Ncsim using gate level modeling for 

verification we have taken the results and verified with industry standard cadence tools. 

Fig 9. Output waveform of Carry select adder 
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Fig 10. Carry select adder 

 

Fig 11. RTL view of carry select adder 

 

Fig 12. RTL view of full adder 

 

Fig 13. RTL view of multiplexer 
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6.1.1.2 POWER SYNTHESIS RESULT: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm 

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below: 

A. Using 45nm Technology 

 

Fast.lib            Slow.lib 

 

Fig 14. Power synthesis report for Carry select adder using 45nm 

B. Using 90nm Technology 

 

Fast.lib          Slow.lib 

 

Fig 15. Power synthesis report for Carry select adder using 90nm 
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C. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

Fig 16. Power synthesis report for Carry select adder using 180nm 

6.1.1.3 DELAY AND TIMING SYNTHESIS RESULTS: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at 

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and 

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib 

and slow.lib are shown below: 

A. Using 45nm Technology 

Fast.lib              Slow.lib 

 

Fig 17. Timing Synthesis Report for Carry select adder using 45nm 
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B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Fig 18. Timing Synthesis Report for Carry select adder using 90nm 

C. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

Fig 19. Timing Synthesis Report for Carry select adder using 180nm 



23 
 

6.1.2.1 CARRY SKIP ADDER: 

Carry skip adder has been implemented in Xilinx and Ncsim using gate level modeling for 

verification we have taken the results and verified with industry standard cadence tools. 

 

Fig 20. Output waveform of Carry Skip Adder 
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Fig 21. Carry skip adder 

 

Fig 22. RTL view of carry select adder 

 

Fig 23. RTL view of full adder 

 

Fig 24. RTL view of OR gate 
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6.1.2.2 POWER SYNTHESIS RESULT: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm 

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below: 

A. Using 45nm Technology 

 

Fast.lib:      Slow.lib: 

 

Fig 25. Power synthesis report for Carry skip adder using 45nm 

 

B. Using 90nm Technology 

 

Fast.lib          Slow.lib 

 Fig 26. Power synthesis report for Carry skip adder using 90nm 
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C. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

Fig 27. Power synthesis report for Carry skip adder using 180nm 

6.1.2.3 DELAY AND TIMING SYNTHESIS RESULTS: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at 

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and 

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib 

and slow.lib are shown below: 

A. Using 45nm Technology 

Fast.lib              Slow.lib 

 

Fig 28. Timing Synthesis Report for Carry skip adder using 45nm 
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B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Fig 29. Timing Synthesis Report for Carry skip adder using 90nm 

C. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

Fig 30. Timing Synthesis Report for Carry skip adder using 180nm 
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6.1.3.1 CARRY SAVE ADDER: 

Carry save adder has been implemented in Xilinx and Ncsim using gate level modeling for 

verification we have taken the results and verified with industry standard cadence tools. 

 

Fig 31. Output waveform of carry save adder 
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Fig 32. Carry save adder 

 

Fig 33. RTL view of carry save adder 

 

Fig 34. RTL view of full adder 

 

Fig 35. RTL view of XOR Gate 
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6.1.3.2 POWER SYNTHESIS RESULT: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm 

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below: 

A. Using 45nm Technology 

Fast.lib            Slow.lib 

  

Fig 36. Power synthesis report for Carry save adder using 45nm 

 

B. Using 90nm Technology 

Fast.lib          Slow.lib 

  

Fig 37. Power synthesis report for Carry save adder using 90nm 
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C. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

 

Fig 38. Power synthesis report for Carry save adder using 180nm 

6.1.3.3 DELAY AND TIMING SYNTHESIS RESULTS: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at 

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and 

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib 

and slow.lib are shown below: 

A. Using 45nm Technology 

Fast.lib              Slow.lib 

 

Fig 39. Timing Synthesis Report for Carry save adder using 45nm 
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B. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Fig 40. Timing Synthesis Report for Carry save adder using 90nm 

C. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

Fig 41. Timing Synthesis Report for Carry save adder using 180nm 
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6.1.4 PERFORMANCE EVALUATION: 

Table 3. Comparison between the parameters of Carry Select adder, Carry Skip adder, Carry 

Save adder. 

Fast 

Adders 

Technology 

used 

Type Cells Total Power (uW) Total Delay(ps) 

 

 

Carry 

Select         

Adder 

45nm Fast 4 1654.587 279 

 Slow 4 1056.492 892 

90nm Fast 4 4627.775 291 

 Slow 4 2976.080 1057 

180nm Fast 4 35393.882 597 

 Slow 4 21659.847 1484 

 

 

Carry Skip         

Adder 

45nm Fast 6 3398.523 150 

 Slow 6 2240.899 1480 

90nm Fast 6 5145.281 106 

 Slow 6 3318.709 444 

180nm Fast 6 36795.242 362 

 Slow 6 19339.202 829 

 

 

Carry Save         

Adder 

45nm Fast 8 4197.663 298 

 Slow 8 2677.958 979 

90nm Fast 9 8958.592 306 

 Slow 9 5832.694 1170 

180nm Fast 9 57347.523 682 

 Slow 9 34730.669 1612 
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Comparison of Total No. of Cells: 

Fast        

 

Fig 42. Comparison of Total No. of Cells Graph 

 

 

Slow 

 

Fig 43. Comparison of Total No. of Cells Graph 
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Comparison of Total power consumption (in uW): 

Fast        

 

Fig 44. Comparison of Total Power Consumption Graph 

 

Slow  

 

Fig 45. Comparison of Total Power Consumption Graph 
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Comparison of Total Delay (in ps): 

Fast: 

 

Fig 46. Comparison of Total Delay Graph 

 

 

Slow: 

 

Fig 47. Comparison of Total Delay Graph 
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6.2 SIMULATION AND SYNTHESIS RESULTS OF 8BIT FAST ADDERS: 

6.2.1.1 CARRY SELECT ADDER: 

Carry select adder has been implemented in Xilinx and Ncsim using gate level modeling for 

verification we have taken the results and verified with industry standard cadence tools. 

Fig 48. Output waveform of Carry select adder 

 

Fig 49. Carry select adder 



38 
 

 

Fig 50. RTL view of carry select adder 

 

Fig 51. RTL view of full adder 

 

Fig 52. RTL view of multiplexer 
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6.2.1.2 POWER SYNTHESIS RESULT: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm 

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below: 

D. Using 45nm Technology 

 

Fast.lib            Slow.lib 

         

Fig 53. Power synthesis report for Carry select adder using 45nm 

E. Using 90nm Technology 

 

Fast.lib          Slow.lib 

  

Fig 54. Power synthesis report for Carry select adder using 90nm 



40 
 

F. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

    

Fig 55. Power synthesis report for Carry select adder using 180nm 
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6.2.1.3 DELAY AND TIMING SYNTHESIS RESULTS: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at 

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and 

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib 

and slow.lib are shown below: 

D. Using 45nm Technology 

Fast.lib              Slow.lib 

   

Fig 56. Timing Synthesis Report for Carry select adder using 45nm 
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E. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Fig 57. Timing Synthesis Report for Carry select adder using 90nm 
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F. Using 180nm Technology: 

Fast.lib          Slow.lib 

  

Fig 58. Timing Synthesis Report for Carry select adder using 180nm 
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6.2.2.1 CARRY SKIP ADDER: 

It has been implemented in Xilinx and Ncsim using gate level modeling for verification we have 

taken the results and verified with industry standard cadence tools. 

 

Fig 59. Output waveform of Carry Skip Adder 

 

 

 

Fig 60. Carry skip adder 
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Fig 61. RTL view of carry skip adder 

 

Fig 62. RTL view of half adder 

 

Fig 63. RTL view of XOR gate 
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6.2.2.2 POWER SYNTHESIS RESULT: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm 

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below: 

D. Using 45nm Technology 

 

Fast.lib:         Slow.lib: 

  

Fig 64. Power synthesis report for Carry skip adder using 45nm 
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E. Using 90nm Technology 

 

Fast.lib          Slow.lib 

 

 Fig 65. Power synthesis report for Carry skip adder using 90nm 

 

F. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

  

Fig 66. Power synthesis report for Carry skip adder using 180nm 

 



48 
 

6.2.2.3 DELAY AND TIMING SYNTHESIS RESULTS: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at 

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and 

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib 

and slow.lib are shown below: 

B. Using 45nm Technology 

Fast.lib              Slow.lib 

   

Fig 67. Timing Synthesis Report for Carry skip adder using 45nm 
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C. Using 90nm Technology 

Fast.lib          Slow.lib 

  

Fig 68. Timing Synthesis Report for Carry skip adder using 90nm 

 

D. Using 180nm Technology: 

Fast.lib          Slow.lib 

    

Fig 69. Timing Synthesis Report for Carry skip adder using 180nm 
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6.2.3.1 CARRY SAVE ADDER: 

It has been implemented in Xilinx and Ncsim using gate level modeling for verification we have 

taken the results and verified with industry standard cadence tools. 

 

Fig 70. Output waveform of carry save adder 

 

 

 

Fig 71. Carry save adder 
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Fig 72. RTL view of carry save adder 

 

Fig 73. RTL view of full adder 

 

Fig 74. RTL view of XOR Gate 
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6.2.3.2 POWER SYNTHESIS RESULT: 

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm 

technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm 

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below: 

B. Using 45nm Technology 

Fast.lib            Slow.lib 

  

Fig 75. Power synthesis report for Carry save adder using 45nm 

 

 

 

 

 

 

 

 



53 
 

C. Using 90nm Technology 

Fast.lib          Slow.lib 

  

Fig 76. Power synthesis report for Carry save adder using 90nm 

D. Using 180nm Technology: 

Fast.lib:          Slow.lib: 

  

Fig 77. Power synthesis report for Carry save adder using 180nm 
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6.2.3.3 DELAY AND TIMING SYNTHESIS RESULTS: 

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at 

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and 

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib 

and slow.lib are shown below: 

B. Using 45nm Technology 

Fast.lib              Slow.lib 

 

Fig 78. Timing Synthesis Report for Carry save adder using 45nm 
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C. Using 90nm Technology 

Fast.lib          Slow.lib 

 

Fig 79. Timing Synthesis Report for Carry save adder using 90nm 
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D. Using 180nm Technology: 

Fast.lib          Slow.lib 

 

Fig 80. Timing Synthesis Report for Carry save adder using 180nm 
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6.2.4 PERFORMANCE EVALUATION: 

Table 4. Comparison between the parameters of Carry Select adder, Carry Skip adder, Carry 

Save adder. 

      
Fast Adders 

Technology 

used 
Type Cells 

Total Power 

(uW) 

Total Delay 

(ps) 

Carry Select         

Adder 

45nm Fast 8 3781.515 548 

  Slow 8 10786.93 569 

90nm Fast 8 79143.01 1133 

  Slow 8 2414.802 1743 

180nm Fast 8 6942.391 2057 

  Slow 8 47944.86 2876 

Carry Skip         

Adder 

45nm Fast 21 8276.512 204 

  Slow 21 10532.68 124 

90nm Fast 21 41899.67 293 

  Slow 20 3495.115 790 

180nm Fast 21 7469.767 475 

  Slow 21 26365.73 702 

Carry Save         

Adder 

45nm Fast 16 8578.772 552 

  Slow 17 21123.27 578 

90nm Fast 17 149074.1 1187 

  Slow 16 5472.017 1824 

180nm Fast 17 13720.01 2109 

  Slow 17 89666 3006 
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Comparison of Total No. of Cells: 

Fast        

 

Fig 81. Comparison of Total No. of Cells Graph 

 

 

Slow 

 

Fig 82. Comparison of Total No. of Cells Graph 
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Comparison of Total power consumption (in uW): 

Fast        

 

Fig 83. Comparison of Total Power Consumption Graph 

 

Slow  

 

Fig 84. Comparison of Total Power Consumption Graph 
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Comparison of Total Delay (in ps): 

Fast: 

 

Fig 85. Comparison of Total Delay Graph 

 

 

Slow: 

 

Fig 86. Comparison of Total Delay Graph 
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CHAPTER 7       CONCLUSION AND FUTURE SCOPE 

 

 Carry Select adder, Carry Skip Adder and Carry Save Adder each one of 4-bit and 8-bit 

has been implemented using Verilog in CADENCE. For simulation we have used Xilinx, NCsim 

and for synthesis we have used RTL compiler v14.10 have been used. As a result, it has been 

concluded that 4-bit and 8-bit Carry Select Adder gives the optimized result as compared to 

Carry Skip Adder and Carry Save Adder in all the technologies 45nm, 90nm, 180nm. When 

coming to the No. of cells Carry Select Adder uses less number of Cells when compared to Carry 

Skip and Carry Save Adder. While coming to total power consumption Carry Select Adder 

consumes less power compared to Carry Skip and Carry Save Adder. As per Delay parameter is 

concerned Carry skip adder is efficient manner in case of 4-bit and 8-bit Adders.  

Depending upon the parametric analysis these fast adders have utilized in Multiplier 

Accumulator Unit (MAC) in DSP application. 

 In future, we compare with other Fast Adders and to will try to reduce the power 

consumption and delay by reducing the components and getting the optimal result. 
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