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Abstract— The demand for massive computation increases day 

by day. It leads to the requirement of high- speed adders for 

arithmetic operations. The high-speed adder consumes more 

area and power. The aim of this paper is to achieve low area of 

high speed adder without increasing the delay of the adder. The 

conventional BCD adder is very slow because of the huge carry 

chain delay. Therefore, a high-speed BCD adder with a KSA is 

proposed. In this design, a new detector circuit has been 

employed to generate the carry-out of each stage in two gate 

delays. This proposed BCD adder is faster than other existing 

BCD adders, but the area also rises.  The binary to decimal 

converter was designed with new formulae so that it directly 

converts binary partial products to equivalent decimal number.  
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 I.  INTRODUCTION  

A binary number is expressed in base-2 number system, which 

has ‘0’and ‘1’only. In the binary system, each digit is called a 

binary digit (bit). The binary numbers are represented as binary 

numbers without fractional part (Whole numbers) and with a  

fractional part [1]. The latter representation can be further 

classified as fixed-point and floating-point binary numbers. A 

decimal number system is a base-10 number system. This 

decimal number system is also classified as binary number 

system. This number system is used as input data by human 

beings in most of the places or applications. Binary Coded 

Decimal (BCD) is one of the ways which is used to represent the 

decimal numbers in binary form. In BCD, each digit expressed 

in four bits. The advantage of BCD is an easy way of 

representing decimal numbers [2].  

The paired numbering framework is, by a long shot, the most 

normal numbering framework being used in PC frameworks 

today. In days long, notwithstanding, there were PC frameworks 

that depended on the decimal (base 10) numbering framework 

as opposed to the parallel numbering framework. Such PC 

frameworks were extremely well known in frameworks focused 

on for business/business frameworks. In spite of the fact that 

frameworks architects have found that twofold number juggling 

is quite often better than decimal math for general estimations, 

the fantasy actually perseveres that decimal number juggling is 

better for cash estimations than paired number juggling. Hence, 

numerous product frameworks actually indicate the utilization 

of decimal number juggling in their estimations [3].  

BCD portrayal offers one major benefit over paired portrayal: it 

is genuinely paltry to convert between the string portrayal of a 

decimal number and its BCD portrayal. This highlight is 

especially gainful while working with fragmentary qualities 

since fixed and drifting point paired portrayals can't by and large 

address many regularly utilized values somewhere in the range 

of nothing and one (e.g., 1/10). Subsequently, BCD activities 

can be proficient while perusing from a BCD gadget, doing a 

basic number-crunching activity (e.g., a solitary expansion) and 

afterward composing the BCD worth to some other gadget. 

Numerous designs and calculations have been proposed to date 

for decimal math [4].  

It planned a viper for repetitive BCD expansion. However the 

plan includes basic change of a BCD number to repetitive BCD 

and perform expansion in excess structure and again convert the 

outcome back to BCD structure, it experiences high 

postponement .what's more the change hardware utilized adds to 

the plan intricacy. Calculations and adders for BCD expansion 

are introduced in which the plan utilizing speculative expansion 

strategy have ordinary design and their remedy unit is 

autonomous of the quantity of input operands while the other 

plan utilizing non-speculative expansion have lower delays [5, 

6].  
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 II.  BCD ADDERS  

A binary adder can be used for adding two binary numbers 

(whole number or fixed point number), and this binary adder is 

used to sum up, the trailing significand of inputs of a binary 

floating-point adder. Hence it is a part of a binary floating-point 

adder also. Let us take an example. There are two decimal 

numbers A and B. The (decimal) value of A and B is 15.4 and 

5.5, respectively. The summation of the numbers has to be 

determined. Now, this operation can be performed in two ways: 

(i) using binary adders alone (ii) using BCD adders. First, we 

consider that the addition operation is performed by binary 

adders solely. Initially, these numbers are converted to binary 

numbers. Assume A and B are represented in a 12-bit binary 

number, including four bits for fractions. The fraction of A 0.4 

cannot be represented exactly in binary because 0.4 gives a 

nonterminating binary. Hence, 15.375 is assigned to A instead 

of 15.4. Consequently, there is a small difference in the results 

which is shown in Fig.1.1.a For adding decimal numbers A and 

B, using BCD adder, first, these numbers are converted to BCD 

numbers. Here, A and B are represented in a 12-bit BCD number 

with a 4-bit decimal point. A and B are ternary numbers. They 

are not like the previous method. As a result, the exact output is 

obtained, as shown in Fig.1.1.b. The main advantage is that the 

accurate result is obtained, but the area, delay and power 

consumption of the BCD adder are more than the binary adder. 

Though the binary floating point adder is used for the above 

problem, the obtained result does not exactly match with the 

expected results. From the above facts, We can say that the BCD 

adder is better than using binary adder alone for adding decimal 

numbers with a fraction due to the exact result.  

  

  
Fig.  1:   Addition of fixed point decimal numbers: (a)using  

binary adders (b)using BCD adder   

  

III.   

six  

  
Fig. 2: Flow Chart of Proposed Methodology    

  

Kogge Stone Adder   

Eventually, all the designing levels of digital system or IC’s  
Packages depend on number of gates in a single chip that is also  

called bottom up approach.    

  

Table 1 :  Comparison Kogge Stone Adder and Modified Kogge  

Stone Adder   
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PROPOSED TECHNOLOGY  

BCD binary numbers represent Decimal digits 0 to 9. A 4bit 

BCD code is used to represent the ten numbers 0 to 9. Since the 

4-bit Code allows 16 possibilities, therefore the  

first 10 4-bit combinations are considered to be valid BCD  

combinations.  The  latter  

combinations are invalid and do not occur BCD Code has 

applications in Decimal Number display System such as 

counters and digital clock. BCD numbers can be added together 

using BCD addition.   

BCD addition is similar to normal binary addition except for the 

case when sum of two BCD digits exceeds 9 or a carry is 

generated. When the sum of two BCD numbers exceeds 9 or a 

carry is generated a 6 is added to convert the invalid number 

into a valid number. The carry generated by adding a 6 to the 

invalid BDC digit is passed on to the next BCD digit.  

  

  

  

  

Modified KS adder can be reduced regarding the area or number 

of gates.  If we remove the first XOR gate from modified KS 

adder nothing will be changed for result but area and 

propagation delay will be reduced.  

  

This equation is applied only for first summation output. For the 

next sum bit equation will be changed.  

  

                                                                  (2)  

  

In this modified Fig. 3 excluded the first  gate. The sum bit 

of the first half adder shows the LSB bit of the output and carry 

output will connect to the first pin of  gate. The sum bit of 

the second half adder is connected to the second pin of the 

gate. And the last carry output is the MSB bit of the  

output. Worked can be enhanced for the high bit information.   

  

 IV.  SIMULATION RESULT  

VHDL is a standard hardware description language, which 

offers many useful features for hardware designing. It is a 

general purpose hardware description language that is easy to 

use and learn. It allows different levels of abstraction to be 

mixed in the same model. The level of abstraction used in terms 

of RTL, Behavioral, switches, gates code. Very popular and 

industry standard logic synthesis support Verilog HDL, thus 

designing a chip in Verilog HDL allows the widest choice of 

vendors. The Programming Language Interface (PLI) is the 

most powerful feature which allows the programmer to use in 

variant way; therefore, a designer can customize the Verilog 

design simulator as according to their needs by using PLI.  View 

technology schematic of 4-bit reversible adder using Peres gate 

is shown in fig. 4. In this figure A  and B is the two input of the 

BCD adder with 4-bit word length, B2 is the output of the BCD 

adder with 5-bit word length.   

  

                                                                                  (1)                                                                                Fig. 5: RTL 

View of 4-bit Reversible BCD Adder using        

  

Fig. 6 :   Timing Summary of 4 - bit BCD Adder using  KSA   

  

  
Fig. 7 :   Output Waveform of 4 - bit BCD Adder using  KSA   
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Fig. 4: View Technology Schematic of 4-bit Adder using 

KSA   

  
KSA  

RTL view of 4-bit adder using KSA is shown in fig. 5. Device 

ultilization summary of 4-bit BCD adder using KSA is shown in 

Table II and timing summary of the 4-bit reversible BCD adder 

using KSA is shown in fig. 6.  

  

Table II: Device Utilization Summary of 4-bit BCD Adder  

  
  

  

KSA  

KSA is a digital circuit it is used four binary multiplier. There 

are two inputs is word length (7 downto 0) and one output is 

word length (7 downto 0) shows in Fig. 8. All the input and 

output of the defined in entity portion and shows the VHDL 

codes write in begin below. Resister Transfer Level of the 

Modified Kogge stone adder shows in Fig. 9.  

  
Fig. 8: VHDL Code of Modified Kogge Stone Adder  

  

  
Fig. 9: RTL of Modified Kogge Stone Adder  

    

Output waveform of the Modified Kogge stone adder is shows 

in Fig. 9. Fig. 10 clearly that the input of the Modified Kogge 

stone adder is 00110011, 00001111 and output of the Kogge 

stone adder is 00111010.  
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  Fig. 10: Output Waveform of Modified Kogge Stone Adder  

  

 V.  CONCLUSION  

Though we focused on BCD adder, we consider the binary adder 

also because a binary adder is a part of a BCD adder. One can 

boost the performance of a BCD adder by optimizing the binary 

adder used in it. Not only in a BCD adder, but a High speed and 

low power binary adder is also a need in many applications like 

Filter design, transform.   
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