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Abstract— Adders being the building blocks of any microprocessor and digital component, so fast and accurate operation of 
digital system are greatly influenced by the performance of the resident adders. Therefore designers are trying to design 
different adders which lead to low power, high speed and less area. This project describes the analysis of speed, area and 
delay of different types of adder like carry-look ahead adder, carry skip adder, ripple carry adder and carry select adder for 8, 
16, 32 and 64 bit. Depending on experimental analysis, for 64 bit RCA have simplest architecture but highest carry 
propagation delay of 100%. CSKA performs fast addition; it greatly reduces the delay with special speed up carry chain 
called a skip chain, as the carry bit for each block can be bypassed (skip) over the blocks and has propagation delay of 
63.75%. CSLA performs fast addition where adders are split in blocks of N by half or variable length and there partial sum, 
true sum and carry are calculated by parallel addition with carry in for 0 and for 1.Final result is selected by the multiplexer 
and its having delay of 9.01% for 64 bit. Various adders are designed using Verilog HDL. Then, they are simulated and 
synthesized using Xilinx ISE 12.2 for Vertex 6 family with device speed grade -3. 
 
Index Terms— RCA-Ripple carry adder; CLA-Carry look ahead adder; CSKA-Carry skip adder; CSLA-Carry select adder. 
 
I. INTRODUCTION 
 
The multiply and accumulate (MAC) unit is the main 
computed kernel in digital signal Processing 
architectures. The MAC unit determines the speed of 
overall system as it is always lies in the critical path. 
Developing high speed MAC is crucial for real time 
DSP application. In order to improve the speed of 
MAC unit, there are two major bottlenecks that need 
to be considered. The first one is the fast 
multiplication network and the second one is the 
accumulator. Both of these stages require addition of 
large operands that involve long path for carry 
propagation. A fast multiplication process consists of 
partial product generation, partial product reduction 
and final stage carry propagate adder [1, 2].  
Accumulator consists of register and adder. Register 
hold the output of previous clock from adder. 
Holding output in accumulation register can reduce 
additional add instruction. An accumulator should be 
fast in response so it can be implemented with one of 
fast adder like Carry-look ahead adder or carry skip 
adder or carry select adder. In the above cases, the 
carry signal is not propagated through more than 
three stages the delay in the circuit. 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. The various designs of 
adders are explained as follows. This projects 
including implementation of below adders [3, 4]:  

1. Ripple Carry Adder 
2. Carry Look Ahead adder 

3. Carry Skip Adder 
4. Carry Select Adder 

The above designs are verified by performing the 
following steps                                          

1. RTL design using synthesis 
2. Logic simulation using  Xilinx simulator 

   
II. LITERATURE SURVEY 
 
Many different adder architectures have been 
proposed for binary addition since 1950’s to improve 
various aspects of speed, area and power. Ripple 
Carry Adder have the simplest architecture, but 
performs slower addition due to its longest carry 
propagation delay (R.Uma et al (2012)).  A carry-
look ahead adder performs fast addition by reducing 
the amount of time required to determine carry bits 
(Yu-Ting Pai and Yu-Kumg Chen (2004)). It finds 
the carry bit in advance for each bit position, whether 
that position is going to propagate a carry if 1 comes 
from the nearest LSB. On the other hand, Carry Skip 
Adder and Carry Select Adder speeding up the 
addition where in the adders are split in blocks of N 
bits. In Carry Skip Adder, each block calculates the 
carry bit to propagate to the next block based on MSB 
carry-out, each bit sum out and LSB carry-in (Yu 
Pang et al (2012)). So that the next block towards 
MSB need not to wait till the previous block 
completes the addition. The Carry Select Adder 
performs parallel addition with carry-in for 0 and 
carry-in for 1 (Sudhanshu Shekhar et al (2013)). Each 
block of adders generate final sum with only 
multiplexer delay. So the Carry Select Adder 
performs faster than all other adders. [1] 
The Ripple carry adder is simple in design but it is 
suitable for only addition of less width operand 
because the delay goes linearly with width of 
operands. The Carry skip adder requires a linear area 
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that is hardly larger than the area required by the 
ripple carry adder. Delay of Carry-look ahead adder 
is less as compare to other. A carry-look ahead adder 
is much faster than ripple carry adder but it requires 
comparatively large area. For 32 bit MAC unit we 
can use Carry-look ahead adder for high speed 
multiplication and accumulation. In fact the 
multiplier with carry-look ahead adder has 
approximately twice the speed of multiplier. [2] 
In ripple carry adders, the carry propagation time is 
the major speed limiting factor Most other arithmetic 
operations, e.g. multiplication and division are 
implemented using several add/subtract steps. Thus, 
improving the speed of addition will improve the 
speed of all other arithmetic operations. Accordingly, 
reducing the carry propagation delay of adders is of 
great importance. Different logic design approaches 
have been employed to overcome the carry 
propagation problem. One widely used approach 
employs the principle of carry look-ahead solves this 
problem by calculating the carry signals in advance, 
based on the input signals. This type of adder circuit 
is called as carry look-ahead adder (CLA adder). A 
carry-skip adder consists of a simple ripple carry-
adder with a special speed up carry chain called a 
skip chain. This chain defines the distribution of 
ripple carry blocks, which compose the skip adder. 
[3] 
Internal logic schematic of a carry select adder 
constructed using the conventional ripple carry adder 
(RCA). The RCA uses multiple full adders to perform 
addition operation. Each full adder have a carry in 
input, which is the carry-out of the preceding adder. 
The CSA divides the words into blocks which is to be 
added and forms two sums for each block in parallel, 
one with assumed carry in Cin=0 and the other with 
Cin=1,the carry-out from one stage of RCA is used as 
the select signal for the multiplexer. This selects the 
corresponding sum bit from the next block of data. 
This speeds-up the computation process of the adder. 
Thus, the carry select adder achieves higher speed of 
operation at the cost of increased number of devices 
used in the circuit. This in turn increases the area and 
power consumed by the circuits of this type of 
structure. [4] 
A carry-look ahead adder improves speed by 
reducing the amount of time required to determine 
carry bits. It can be contrasted with the simpler, but 
usually slower, ripple carry adder for which the carry 
bit is calculated alongside the sum bit, and each bit 
must wait until the previous carry has been calculated 
to begin calculating its own result and carry bits . The 
carry-look ahead adder calculates one or more carry 
bits before the sum, which reduces the wait time to 
calculate the result of the larger value bits. [5] 
 
III. ADDERS DESIGN 
3.1 Ripple Carry Adder 
Ripple Carry Adder (RCA) is a basic adder which 
works on basic addition principle. The architecture of 

RCA is shown in Fig.3.1.1. RCA is binary adder in 
which carry at each stage of addition must propagate 
or ripple through succeeding stage of addition in 
order to form the result. 

 
Fig. 3.1.1 Architecture of Ripple Carry Adder (RCA). 

 
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. 
Taking the example for 4 bit, the addition of a4 and 
b4 cannot reach steady state until c4 becomes 
available. In turn, c4 has to wait for c3, and so on 
down to c1. If one full adder takes T seconds to 
complete its operation, the final result will reach its 
steady-state value only after 4.Tfa seconds. So for Nth 

bit it has wait for N T fa seconds. 
One of the most serious drawbacks of this adder is 
that the delay increases linearly with the bit length. 
As mentioned before, each full adder has to wait for 
the carry out of the previous stage to output steady-
state result. Therefore even if the adder has a value at 
its output terminal, it has to wait for the propagation 
of the carry before the output reaches a correct value. 
 
3.2 Carry Look-Ahead Adder 
Carry Look Ahead (CLA) design is based on the 
principle of looking at lower adder bits of argument 
and addend if higher orders carry generated. As seen 
in the ripple-carry adder, its limiting factor is the time 
it takes to propagate the carry. The carry look-ahead 
adder solves this problem by calculating the carry 
signals in advance, based on the input signals. The 
result is a reduced carry propagation time.This adder 
reduces the carry delay by reducing the number of 
gates through which a carry signal must propagate. 
As shown in Fig.2.3, in the generation and 
propagation stage, the generation values, propagation 
values are computed. Internal carry generation is 
calculated in second stage. And in final stage, the 
sum is calculated. The architecture of CLA is given in 
Fig. 3.2.1. 
 

 
Fig. 3.2.1Carry Look Ahead  Adder. 
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To be able to understand how the carry look-ahead 
adder works, we have to manipulate the Boolean 
expression dealing with the full adder. The Propagate 
P and generate G in a full-adder, is given as:  
Pi = Ai | Bi Carry propagate  
Gi = AiBi Carry generate  
Notices that both propagate and generate signals 
depend only on the input bits and thus will be valid 
after one gate delay. The new expressions for the 
output sum and the carryout are given by:  
Si = A^B^Ci  
Ci+1= Gi + PiCi  
These equations show that a carry signal will be 
generated in two cases:  
1) if both bits Ai and Bi are 1. 
2) if either Ai or Bi is 1 and the carry-in Ci is 1.  
The general expression is  
Ci+1= Gi + PiGi-1 + PiPi-1Gi-2 + …….PiPi-
1….P2P1G0 + PiPi-1 ….P1P0C0.  
This is a two level Circuit. In CMOS however the delay of 
the function is nonlinearly dependent on its fan in. 
Therefore large fan-in gates are not practical. 
In practice, it is not possible to use the CLA to realize  
Constant delay for the wider-bit adders since there will  
be a substantial loading capacitance, and hence larger 
delay and larger power consumption. The CLA has the 
fastest growing area and power requirements with respect 
to the bit size. Speed also will drop with i th increase in bit 
size. So other techniques may be used. 
 
3 .3 Carry Skip Adder 
A carry-skip adder consists of a simple ripple carry-
adder with a special speed up carry chain called a 
skip chain. This chain defines the distribution of 
ripple carry blocks, which compose the skip adder. 
Fig. 3.3.1 shows a block diagram of carry skip adder. 

 
 

 
Fig. 3.3.1 Carry Skip Adder. 

 
The carry skip adder was invented for decimal 
arithmetic operations. The carry skip is an 
improvement over the ripple carry adder. By 
grouping the ripple cells together into blocks, it 
makes the carry signal available to the blocks further 
down the carry chain, earlier. The primary carry Ci 
coming into a block can go out of it unchanged if and 
only if, Xi and Yi are exclusive-or of each other. This 
means that corresponding bits of both operands 
within a block should be dissimilar. 
 Boolean Equations of a Full Adder: 

Pi=Ai^Bi carry propagate of ith stage                     (1)                                
Si=Pi^Ci sum of ith stage                                       (2)                        
Ci+1 = AiBi + PiCi    --carry out of ith stage        (3)                                            
Supposing that Ai = Bi, then Pi in equation 1 would 
become zero (2.4). This would make Ci+1 to depend 
only on the inputs Ai and Bi, without needing to 
know the value of Ci.  
Ai = Bi         Pi = 0                                               (4)                                       
If Ai = Bi = 0        Ci+1 = AiBi = 0                     (5)        
If Ai = Bi = 1        Ci+1 = AiBi = 1                     (6) 
Therefore, if 2.4 is true then the carry out, Ci+1, will 
be one if Ai = Bi = 1 or zero if Ai = Bi = 0. Hence we 
can compute the carry out at any stage of the addition 
provided 2.4 holds. These findings would enable us to 
build an adder whose average time of computation 
would be proportional to the longest chains of zeros 
and of different digits of A and B.  
Alternatively, given two binary strings of numbers, 
such as the example below, it is very likely that we 
may encounter large chains of consecutive bits where 
Ai ≠ Bi. In order to deal with this scenario we must 
reanalyze (7) carefully.  
Ai ≠ Bi        Pi = 1                                              (7)                                               
If Ai ≠ Bi         Ci+1 = Ci                                  (8)      
In the case of comparing two bits of opposite value, 
the carry out at that particular stage, will simply be 
equivalent to the carry in. Hence we can simply 
propagate the carry to the next stage without having 
to wait for the sum to be calculated. 
 
3.4 Carry Select Adder 
Carry Select Adder (CSLA) architecture consists of 
independent generation of sum and carry i.e. Cin=1 
and Cin=0 are executed parallel. Depending upon 
Cin, the external multiplexers select the carry to be 
propagated to next stage. Further, based on the carry 
input, the sum will be selected. Hence, the delay is 
reduced. 
However, the structure is increased due to the 
complexity of multiplexers. The architecture of 
CSLA is illustrated in Fig. 3.4.1.  
 

 
Fig. 3.4.1Carry Select Adder. 

 
The concept of the carry-select adder is to compute 
alternative results in parallel and subsequently 
selecting the correct result with single or multiple 
stage hierarchical techniques. In order to enhance its 
speed performance, the carry-select adder increases 
its area requirements. In carry-select adders both sum 
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and carry bits are calculated for the two alternatives: 
input carry “0” and “1”. Once the carry-in is 
delivered, the correct computation is chosen (using a 
MUX) to produce the desired output. Therefore 
instead of waiting for the carry-in to calculate the 
sum, the sum is correctly output as soon as the carry-
in gets there. The time taken to compute the sum is 
then avoided which results in a good improvement in 
speed. Carry-select adders can be divided into equal 
or unequal sections. It gives less delay comparing to 
RCA, CLA and CSKA . 
 
IV. RESULTS AND ANALYSIS 
 
This section contains the discussion of synthesis and 
simulation result for 8, 16, 32 and 64 bit of different 
adders. 

 
Fig.4.1.1. Simulation Result for 64 Bit 

 

 
Fig.4.1.2. RTL Schematic for 64 Bit 

 

 

 
Fig.4.2.1. Simulation Result for 64 Bit 

                      
Fig.4.2.2. RTL Schematic for 64 Bit 

 

 

 
Fig.4.3.1. Simulation Result for 64 Bit 

 

 
Fig.4.3.2. RTL Schematic for 64 Bit 

 

 
Fig.4.4.1. Simulation Result for 64 Bit 

 

 
Fig.4.4.2. RTL Schematic for 64 Bit 
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V. COMPARATIVE ANALYSIS 

 
Below figures shows the graphical representation of 
the resource utilization and delay of different bits of 
ripple carry adder such as 8, 16, 32 and 64 bits. It is 
clearly specifying that as the bits goes on increasing 
the delay also increases and the no of resources also 
increases. 

 

 

 

 

 

1) Resource Utilization  
Parameters related to all the adders for different bits 
are listed below. After analyzing, it shows that CSLA 
uses minimum number of resources for different bits 
compare to remaining adders.    
 

Table 5.1 Performance analysis of adders for 
different bits. 

 
 

SLICE: Slice is just a grouping of LUT’s and FFs 
and some connective structure in to the repeated unit 
of the FPGA. Number of LUT’s and FF s vary with 
family. Vertex 6 FPGA slice contains four LUTs and 
eight flip-flops. 
LUT: LUT is a look up table , for all practical 
purposes it is a block of memory with the logic inputs 
used as the address and data output used as logic 
output. 
 IOB: IOB is a input and output buffer, it stores the 
input and output values before calculating result and 
after calculating result. 
 
2) Delay 
The following table shows route delay, logic delay 
and total propagation delay for 8, 16, 32 and 64 bit 
adders. 
 

Table 5.2  Shows  Delay analysis of adders for 
different adders. 

 
 
LOGIC DELAY: It is length of time which starts 
when the input to a logic gate becomes stable and 
valid to change, to the time that the output of that 
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logic gate is stable and valid to change. It’s also 
called gate delay or propagation delay. 
ROUTE DELAY: It specifies a time needed to 
propagate values from drivers through the net.  
TOTAL DELAY: It is a combination both logic 
delay and route delay. 
 
CONCLUSION 
 
CSLA is efficient adder with minimum critical path 
delay comparing with all remaining adders. The 
efficiency of CSLA 91% greater than RCA. It has 
been implemented using XILINX 12.2 tool for 
8,16,32,64 bits with constant leakage power.  
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