
International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Impact Factor (2012): 3.358 

Volume 3 Issue 7, July 2014 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

A 64 Bit Pipeline Based Decimal Adder Using a 
New High Speed BCD Adder 

 

Rahul Jain1, Khushboo Singh2, Ghanshyam Jangid3 
 

1Assistant Professor GIT College Jaipur, Rajasthan, India 
 

2M.Tech Student, Suresh Gyan University, Jaipur, Rajasthan, India 
 

3Assistant Professor, Suresh Gyan University, Jaipur, Rajasthan, India 
 
 
Abstract: Binary arithmetic is one of the most primitive and most commonly used applications in microprocessors, digital signal 
processors etc. But binary arithmetic is unable to fulfill the requirement of fractional terms thus causing inexact results. And in 
commercial applications fractional terms are common and efficient output is must requirement so we use Binary Coded Decimal (BCD) 
adders. The conventional BCD adders are slow due to use of two binary adders.  In this paper, we designed and implemented new high 
speed BCD adders which use only one binary adder. The proposed BCD adder reduces the no. of binary adders due this reduction of 
adders the propagation delay of BCD adder is reduced. We also implemented 64 bit BCD adder using the pipelined technique. The 
proposed BCD adders are designed and implemented using verilog HDL in XILINX 9.2 version. The results of conventional BCD adders 
are compared with proposed BCD adders. the Experimental results demonstrate that the proposed BCD adders has 15.28% faster than 
conventional BCD adde . The proposed 64 bit pipelined BCD adders is 55.39 % faster than conventional 64 bit BCD adder. 
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1. Introduction  
 
Binary addition is one of the most primitive and most 
commonly used applications in computer arithmetic .With 
the rapid growth of decimal arithmetic in many applications 
such as commercial, financial, or internet field. The use of 
simplest and easy method of decimal arithmetic becomes 
very important for the designers and users. In the past 
decades, although the binary arithmetic is widely used in 
processors or any other applications, but some problem 
occurred in performing some binary arithmetic operations. 
First is the fraction numbers cannot be represented by using 
the binary numbers. E.g., 0.710 = 0.10111…..2, it will 
require infinite bits for representation, so it become incorrect 
decimal fractions. This incorrect representation of decimal 
fraction causes approximation errors.  
 
And second is ,Financial database contain decimal data if we 
are using binary hardware then first decimal data is 
converted into binary and after computation result which is 
in binary from it again convert in decimal data these 
conversion will increase the propagation delay. So, to 
overcome this drawback of binary arithmetic, the Binary 
Coded Decimal numbers is used. In BCD, each bit of 
decimal numbers 0 to 9 uses four bits 00002 to 10012. BCD 
operations can be efficient when reading from a BCD device, 
doing a simple arithmetic operation (e.g., a single addition) 
and then writing the BCD value to some other device. Many 
architectures and algorithms have been proposed to date for 
decimal arithmetic. 
 
To further reduce power and latency in BCD addition an new 
BCD adder is proposed using flagged binary addition for the 
correction constant addition. The output of adders of first 
stage and flagged computation block are passed through a 
multiplexer. The control signal for the multiplexer is 
generated from a control circuit which produces 1 for sum 

values exceeding 9 and 0 else. But due to the use of the 
multiplexer the propagation delay is increased [13].  
  
To reduce the limitation of this BCD adder we proposed a 
new BCD adder which speed is fast then these BCD adders 
.This paper is organized as follows. In section II, the normal 
BCD adder, in section III flagged logic BCD adder are 
briefly reviewed. Section IV describes the proposed high 
speed BCD adders. Section V describes the proposed 64 bit 
pipelined BCD adder .section VI describes the 
implementation results and the detailed comparison of all 
types BCD adders. Finally, section VII concludes this paper.  
 
2. Normal BCD adder 
 
In a BCD adder suppose we have two input X and Y are 
given to BCD adder architecture is shown in figure 1. After 
using these first ripple adders which composed by 4 
consecutive full adders to add the values of input X and Y, 
the digit adder with correction which is also composed by 4 
full adders is used. When result of sum is more than 9 then 
we add (0110)2 in each nibble by using correction network. 
Correction values 0110, is determined by the output of c + (S 
[3] · S [2]) + (S [2] · S [1]), But the BCD adder is very 
simple, but also very slow due to the carry ripple effect. It 
also used two binary adders first to add input and second is 
used to add correction value in the output of first binary 
adder due to this reason it increases propagation delay and 
area. 
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5. Results and Comparison 
 

We evaluate the performance of conventional and modified 
BCD adders and implement them on virtex – 5 FPGA 
families. For Design Entry and delay report we synthesize 
these adders using Xilinx ISE 9.2i. We use verilog as 
hardware description language.  
 
The technology schematic of proposed high speed BCD is 
shown in figure 7. The technology schematic of proposed 64 
bit pipelined BCD adder is shown in figure 8. 
 

 
Figure 7: RTL schematic of Proposed BCD Adder 

 

 
Figure 8: RTL schematic of 64 bit Proposed pipelined BCD 

Adder 
 
The simulation waveform is also shown in figure 9 and 10. 
Where A and B is input and sum is BCD sum. We use 
behavior, data flow and gate level modeling in designing in 
verilog. We also design and implemented all conventional 
BCD adders.  
 

 
Figure 9: Simulation of proposed BCD Adder 

 
Figure 10: Simulation of proposed 64 bit pipelined BCD 

Adder 
 
The proposed high speed BCD adder has propagation delay 
is 4.430ns and conventional normal BCD adder has delay 
5.229ns and flagged logic based BCD adder has delay 
5.040ns. The proposed is 15.28% faster than conventional 
normal BCD adder.  
The proposed 64 bit pipeline based BCD adder has 
propagation delay has 12.801ns and without pipelined 
concept the propagation delay is 28.701ns. Experimental 
results also demonstrate that the proposed 64 bit pipelined 
BCD adders is 55.39 % faster than conventional 64 bit BCD 
adder. The comparison of conventional and modified BCD 
adders is shown in following table I. It shows that proposed 
BCD adders are more efficient in the term of speed then 
conventional BCD adders  
 

Table 1: Comparison of all BCD Adder 
S. No Type of BCD adder Propagation delay 

1 Normal BCD adder 5.229ns 
2 Flagged logic based BCD adder 5.040ns 
3 Proposed BCD adder 4.430ns 
4 64 bit BCD adder 28.701ns 
5 64 bit pipelined BCD adder 12.801ns 

  
6. Conclusion  
 
In this paper, the conventional and modified proposed BCD 
adders are designed using Verilog. The delay of modified 
BCD adders is less as compared to the conventional BCD 
adders. We use a new logic to add the correction bits in 
binary sum which is faster than conventional adder .it 
increase the speed of BCD adder. Pipeline technique also 
reduces the propagation delay by increasing throughout. 
When implemented on FPGA, the result proved that the 
proposed booth BCD adder is 15.28% faster than 
conventional normal BCD adder and pipeline based 64 bit 
BCD adder is 55.39 % faster than conventional 64 bit BCD 
adder. The proposed approach also applies with minor 
modifications to three input decimal addition.  
 
7. Future Scope 
 
The future scope of the paper is that we can designed for 
three input or further inputs which will be faster than 
conventional decimal adders . We can also use state machine 
approach to increase the speed. For power reduction we can 
use clock gating technique.  
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