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Abstract 
 

Adder is a basic building block in almost all the digital circuits used in todays digital world. Adders are used for address calculation, 

incrementing operation, table indices calculations and many other operations in digital processors. These operations require fast adders 

with reasonable design cost. Ripple carry adder (RCA) is the cheapest and most straight forward design but takes more computation time. 

For high speed applications Carry Look-ahead Adder (CLA) is preferred, but it has the limitation of increase in the total area of the design. 

Hence an adder which compromise between these two regarding area and power is Carry Select Adder (CSA). Parallel prefix adders are 

used to obtain quick results. In this course work, a new methodology to Modified Square Root Brent Kung adder (MSR-BK-A) is proposed 

to design an optimized adder and to calculate various performance parameters like area, power and delay for square root adder designs. By 

optimizing the structure of Binary-to-Excess-1 converter(BEC) and using it in Square Root BK adder, the power and delay can be reduced 

with a trade of in area. The simulated results conclude that, the MSR-BK-A with Modified BEC gives better performance in terms of power 

and delay. These designs have been simulated, verified and synthesized using Xilinx ISE 14.7 tool. 

 
Keywords: Regular Linear Brent Kung Adder (RL-BK-A); Modified Linear Brent Kung Adder (M-RL-BK-A); Regular Square Root Brent Kung Adder (RSR-

BK-A); Modified Square Root Brent Kung Adder (MSR-BK-A); New Optimized Square Root Brent Kung Adder (N-OSR-BK-A). 

 

1. Introduction 

One of the most commonly used logic operation in digital logic cir-

cuit is addition of binary numbers. An adder is a combinational dig-

ital logic circuit designed to perform an addition operation. In mod-

ern digital VLSI design, reducing the computation time of arithme-

tic operation is the field of interest in new digital signal processors 

and general purpose processors. Adders are not only a part of ALU 

unit, but it can be used to generate table indices, memory address 

calculations and many other similar operations. Designing a low 

power, high performance adder is a challenging task in the VLSI 

design systems. DSP processors execute various operations like fil-

tering, signal processing, vector calculations, matrix reduction etc., 

These operations require intensive FFT computations. Millions and 

Billions of operations has to be performed per second using adders. 

Hence, performance of adder determines the overall performance 

of the architecture. 

Designing an high efficient adder is one of the main interesting field 

of investigation. When high performances are necessary parallel 

prefix adders are the best choice for designing [1]. Due to their reg-

ular structure, they are commonly preferred for the design of an ef-

ficient adders in VLSI implementation. Delay of these adders are 

directly related to the number of stages used in the design. These 

adders are even suitable for wide length input data streams and are 

efficient binary adders. Parallel prefix adders are best suitable as 

compared to RCA and CLA, which uses less silicon area, path delay 

and are suitable for many DSP applications, where operational 

speed is the main issue. A CSA has been designed with parallel pre-

fix adders to achieve high performance adder design. In CSA the 

result of the addition is computed in advance by taking two condi-

tions for input carry. Two separate adders are used, which performs 

addition operation independently with respect to input carry, i.e. 

one addition with zero input carry and second addition with input 

carry of one. Finally when the actual input carry is known from the 

previous stage, one result is simply selected from the previously 

computed addition using multiplexer unit. Conventional CSA [2] 

are designed using RCA combination. Here BK adder performs the 

addition when input carry = 0 and RCA performs addition when 

input carry = 1. As this architecture consumes more area, BEC is 

introduced to perform the operation of RCA in the next design 

called M-RL-BK adder. A variable length BK adders with RCA are 

then designed to increase performance [3] by reducing the delay 

and power consumption in RSR-BK adders. By replacing variable 

length RCA with BEC a new structure called MSR-BK adder has 

been obtained. In the proposed architecture modified BEC structure 

is used for further improvement in delay and power utilization with 

a small area trade of. 

The organization of the paper is as follows: Section 1.2 gives the 

basics of parallel prefix adders, Brent Kung adders and its variants 

are discussed in section 1.3, Section 1.4 describes the design of pro-

posed architecture, Section 1.5 gives the simulation and comparison 

results of square root adders and section 1.6 concludes. 

2. Concepts of parallel prefix adders 

Parallel-prefix-adders [4] are the designers choice for high speed 

addition operation as they have flexible structure. There are many 

ways to obtain the structure of prefix adders, either using CLA [5] 

or by using tree structure [6] to increase the arithmetic operational 

speed. In parallel prefix adders addition operation is indicated in 

terms of carry input signal (ci) , carry signal generated (gi) and carry 
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propagate signal (pi) at each bit position [7]. All these parameters 

are related by the following equations: 

 

gi = ai and bi 

pi = ai xor bi 

 

ci = gi or (pi and ci−1) 

 

si = pi xor ci−1 

 

Parallel prefix adders use three basic units: 

1) Pre-processing unit 

2) Carry generation unit 

3) Post-processing unit 

Parallel-prefix-adders finds the summation using these three units 

as shown in the below diagram. 

 

 
Fig. 1.1: Structure of Parallel Prefix Adder. 

1.1. Pre-processing unit 

In this first unit a generate (gi) and propagate (pi) signals are evalu-

ated. They are calculated using the following equations 

 

gi = ai and bi 

 

pi = ai xor bi 

1.2. Carry generation unit 

Here carry corresponding to each bit will be generated in parallel. 

This stage uses previously computed generate and propagate signals 

for the generation of carry signals.  

1.3. Post-processing unit 

This is the last stage in parallel prefix adder, this stage computes 

the final sum and carry part of the result, they are given by 

 

ci+1 = (pi and ci ) or gi 

 

si = pi xor ci−1 

3. Review of Brent-kung adder 

Brent Kung adder is the most commonly used adder when high 

speed operation is required. It gives optimal number of stages by 

using logarithmic architecture. Because of this logarithmic archi-

tecture, there is a asymmetric load on each intermediate stages. BK 

adder uses prefix tree structure where, the computation is performed 

based on generate (gi) and propagate (pi) signals. The cost of imple-

mentation and complexity of routing is less in prefix adders. Since 

the logic level depth of BK adder is O(log2 [n]) [9], there is a de-

crease in the speed of operation as compared to CLA adders.  

There are many variants of BK adders, this paper discuss some of 

the commonly used BK adder architectures: 

1.1. Existing BK adders 

Commonly used CSA adder consists of RCA adder and a multi-

plexer stage to select the desired output. BK adders are compara-

tively faster [10] than RCA adders. Regular Linear BK adder (RL-

BK-A) has been proposed [11] in which it uses BK adders to add 

input bits when cin=0 and RCA adders to add 1 to this result when 

cin=1. Use of RCA in this architecture has the disadvantage of in-

crease in the total circuit area and delay. A modified architecture is 

proposed to overcome the disadvantages of RL-BK-A, by using Bi-

nary-to-Excess-1 (BEC) converter instead of RCA, called Modified 

Linear BK adder (ML-BK-A). Using ML-BK-A the delay and the 

total area of the adder structure can be reduced as compared to RL-

BK-A. Linear structure BK adder consumes more area with the in-

creased delay. For area reduction and power minimization a new 

design is deployed. This new approach uses square root structure 

for BK adders. 

1.2. Existing BEC structure for modified BK Adders 

Binary-to-Excess-1 converter is a combinational digital circuit used 

to perform addition of binary 1 to its input bits. The operation of 

BEC is similar to RCA and requires less number of logic gates, 

thereby reducing the total silicon area, power consumption and op-

erational delay. It is easy to implement BEC than RCA. Using this 

BEC in Linear structure or in the Square Root sturucture it is pos-

sible to obtain ML-BK adder or MSR-BK adder respectively. Fig. 

1.2 shows the structure of 4-bit BEC 

 

 
Fig. 1.2: Structural Representation of 4-Bit BE-1 Converter. 

4. A new optimized square root Brent kung 

carry select adder 

In the new proposed approach, BEC structure is modified to mini-

mize the combinational path delay and power utilization. Instead of 

using XOR gate, as in the existing BEC structure, a combination of 

XNOR gate, OR gate and NOT gates are used. Structure of opti-

mized BEC is represented in the Fig. 1.3. 

 

 
Fig. 1.3: Proposed Structure of BEC using XOR, OR and NOT gates. 

 

Even though this proposed structure of BEC contains more number 

of logic gates, it is possible to eliminate multiplexer unit com-

pletely. In the existing architectures input bits are added, once by 

assuming zero input carry and next by assuming input carry is one. 

A BK adder is used to add the inputs when carry input is zero and 

BEC is used to add the inputs when carry input is one. Once the 

actual carry from the previous stage is known, the multiplexer unit 

simply select the output of BK adder or the output of BEC based on 

whether the actual carry input is zero or one respectively. In these 

designs multiplexer unit is required to select the desired output de-

pending on the carry generated from the previous adder unit. So 

there is a carry propagation from each multiplexer unit, which in-

creases the overall delay. 

In the proposed architecture, modified BEC is designed such that it 

will do the function of adding 1 or 0 to the result of BK adder when 

carry input (carry out of previous stage) is 1 or 0 respectively, 
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thereby eliminating the multiplexer stage. The proposed architec-

ture of BEC eliminates the multiplexer unit and the carry simply 

propagates from one BEC unit to next BEC unit without going into 

the multiplexer stage, hence reduces the overall delay. By eliminat-

ing multiplexer unit, it is observed that the power consumption of 

the final circuit can be minimized. Since the proposed structure of 

BEC needs more number of gates there is a  possibility of increase 

in the total area. Hence there is an advantage that by using this new 

modified BEC structure, it is possible to minimize the overall delay 

and power utilization with a small area trade-of. 

In the proposed architecture, square root structure of BK adder re-

mains same. A BK adder will be used to add two input data when 

cin=0 and modified BEC will be used to add 1 to the result of BK 

adder when cin=1. In this work a 16-bit New Optimized Square Root 

BK adder (N-OSR-BK) is proposed. This architecture uses five 

groups. The first stage contains only a 2-bit BK adder and further 

four groups consists of a BK adder and a modified BEC. Including 

this new BEC structure in the design, multiplexer stage can be re-

moved, hence having the advantage of high speed and low power 

structure. 

The structural block representation of 16-bit New Optimized 

Square Root BK adder is as represented in the Fig. 1.4. 

 

 

 
Fig. 1.4: Block Representation of 16-Bit Optimized Square Root BK Adder. 

 

1.1. High speed analysis 

In this work the main goal of the design is to enhance the opera-

tional speed. This is possible when the total delay of the circuit is 

minimum. For the combinational circuits like adder, maximum 

combinational path delay gives the speed of the circuit. The combi-

national path delay in turn dependent on propagation delay or gate 

delay. The propagation delay of the circuit is the time duration be-

tween the input becomes stable and ready to change to the time du-

ration that the output becomes stable or valid to change. Reducing 

the gate time delay reduces the overall delay of the circuit and hence 

increase in the performance. Let thl be the time required for the sig-

nal to go from high to low and tlh is the time required for the signal 

to go from low to high then propagation delay time of the signal is 

the average of these two, i.e., 

 

tp = (thl + tlh )/2 

 

The terminology thl and tlh always refers to the output transition. 

When the circuit contains more number of logic gates, thl and tlh of 

all the gates should be added together to calculate the propagation 

delay. It should be noted that different logic gates generates differ-

ent propagation delay. Maximum propagation delay is the highest 

path delay between when the input changes the value to the change 

in the value of the output. Critical path is the commonly used name 

of this delay path and the delay is called critical path delay. Critical 

path delay limits the maximum speed of operation of the circuit. It 

is necessary to reduce the critical path delay to enhance the execu-

tion speed of a digital circuit.  

The critical path delay of the Modified Square Root BK adder is 

given by 

 

TMSR−BK = tBK1 + tBEC1 + tm1 + tm2 + tm3 + tm4 

 

Where, tBK1 is delay of first BK adder, tBEC1 is delay of first BEC 

and tm1 to tm4 is delay of the multiplexer 1 to 4. 

The critical path delay of the New Optimized Square Root BK ad-

der is given by 

 

TOSR−BK = tBK1 + tMBEC1 + tMBEC2 + tMBEC3 + tMBEC4 

 

Where, tBK1 is delay of first BK adder, tBEC1 to tBEC4 is delay of mod-

ified BEC 1 to 4. 

In the proposed architecture the multiplexer unit has been removed 

to reduce the critical path length and hence the combinational delay 

of the circuit. Existing BEC architecture requires 7 LUTs between 

input and output buffers and having a total delay of 1.421ns for 16-

bit adder. In the proposed BEC architecture there exists 6 LUTs be-

tween input and output buffer and having the delay of 1.222ns there 

by reducing the delay of almost 0.2ns for 16-bit adder. As the num-

ber of stages increases, the critical path length increases for the 

higher bit adders. It is concluded that in the proposed method it is 

possible to eliminate multiplexer unit in design and to reduce the 

length of critical path thereby improving the performance of adder. 

1.2. Low power analysis 

Designing low power circuit is another challenging task in VLSI 

system. Scaling of transistor increases the power power density 

more than expected level. The power consumption in the VLSI cir-

cuit depends on the load capacitance (CL), the applied voltage and 

the switching frequency. Among these dynamic power dissipation 

is the main source of power dissipation. From the proposed design 

it is clear that as the switching frequency increases or the capacitive 

load increases, the power consumption increases. Reducing the 

number of logic units/gates reduces the switching activity and con-

cluded that, if the circuit is designed with minimum of logic 

units/gates, it is possible to minimize the total circuit power. 
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5. Discussions on simulation results and com-

parisons 

Various adder designs like Regular Linear (RL) BK adder, Modi-

fied Linear (ML) BK adder, Regular Square Root BK adder, Mod-

ified Square Root BK adder and New Optimized Square Root BK 

adders are studied and implemented square root architectures. ML-

BK adder, MSR-BK adder and New OSR-BK adders are designed, 

simulated, synthesized and verified using Spartan 6, XC6SLX45, 

CSG324 in Xilinx ISE 14.7 tool. The main VLSI design constraints 

like area, power consumption and delay are calculated for square 

root the architectures and the results are tabulated. The comparison 

of these architecture results shows that, the proposed architecture is 

having high speed and low power consumption as compared to the 

other architectures. These results are tabulated in table 1.1 as shown 

below. 

 
Table 1.1: Simulated Results for Three Square Root Adders 

Adders 
Delay  

(ns) 

Area 

(LUT’s) 

Power 

(mW) 

Regular Square Root BK Adder 11.538 34 89 

Modified Square Root BK Adder 11.378 37 89 

New Optimized Square Root BK 

Adder 
10.802 37 87 

 

Adder is the basic block of all the designs in digital signal pro-

cessing applications. Any optimization done at this basic blocks is 

propagated as a beneficial performance factor in the computational 

blocks. 

6. Conclusion 

In this dissertation work, a new approach to Optimized Square Root 

BK adder is proposed. It has been designed using combination of 

BK adder and modified Binary-to-Excess-1 converter instead of 

RCA or existing BEC structure. Parallel prefix adders like BK tree 

adder is used, as the delay of these types of adders is minimum with 

reduced power. The adder architectures like RSR-BK adder, MSR-

BK adder and proposed method are designed for 16-bit input data. 

VLSI design constraints like delay, area and power consumption 

are calculated for the square root adder structures. From these re-

sults, it is concluded that the proposed architecture is best suited, as 

compared to other architectures, when power and delay are the main 

design constraints for a given application but, with a small penalty 

of increase in the area. Further the proposed adder architecture can 

be used for the input data with higher order lengths. 
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