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Abstract- High speed, low power consumption and smaller area are some of the most important criterion for the fabrication of

DSP systems and high performance systems. In view of increasing distinction of commercial, economic and internet-based

applications that process data in decimal arrangement. In this paper, a new architecture decimal addition of Binary Coded

Decimal (BCD) operands, which is the main design part of high speed low power multi-operand binary adders based on this

add-3 digit BCD adder, new architectures for higher order (n-digit) BCD adders such as ripple carry adder are developed. The

main goal of the proposed algorithm is to perform very much capable fixed bit binary to BCD conversion in terms of delay,

power and area. As mentioned earlier, most of the recently proposed adder uses 16-bit binary to BCD converters. The

proposed algorithm has been deliberately designed for such converters.
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I. INTRODUCTION

In virtual world all digital integrated circuit designs, the
addition operation is one of the most essential and contains
numerous operations. Instruction sets of the DSP's and
general principle processors and chips comprise at least
one type of addition, subtraction, division, multiplication
instruction and other instructions such as subtraction and
multiplication employ addition in their operations to
perform various operation , and their underlying hardware
and software is similar if not identical to addition
hardware and software.

Frequently, an adder or multiple adders will be in the
critical path of any digital design, hence the performance

of a digital design will often be limited to the performance
of various adders.

Il. ALGORITHM

1. (Shift and Add by constant) of- 7bit:
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Fig 1. Shift Add by Constant.

Though the shifting and adding by 3 algorithms is not
novel, the architecture execution by means of adding by

constant which ultimately makes it area efficient is given
away in figure 1. The most important objective of
proposed algorithm is to perform proficient fixed bit
binary coded decimal conversion. [24]
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Fig 2. 3 -bit Conditional Adder block.

I11. ARCHITECTURAL
IMPLEMENTATION

This architecture is different as compared to other
architecture. This structure can cover all 82 possible states
(0 to 81) and does not need any extra hardware for its
implementation which makes the circuit suitable and more
dynamic for all applications. This architecture has two
different modules. Figure2 and 3 shows the following
modules.

e 3 -Bit Conditional Adder Blocks
e 4 -Bit Conditional Adder Blocks.

As shown in figure2 we verify to facilitate if the worth of
first 3-bit is greater than (4)10, we will add plus three or
else the bit will propagate without any further change as
shown in figure 3, we compare to facilitate but the value
of the next 4 bit is greater than (4)10 if so, we will add
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plus three to the bit or else the bit will be propagated
without any further changes in the output.

Lo ST =1 11 )

Fig 3. 4 -bit Conditional Adder Block.

IV. METHODOLOGY

The fundamental idea is to shift the binary number left,
one bit in one time, into position revert for the BCD
results. Let us receive the mode of the binary number
8“h7C. This is to be modifying into the 12-bit/3 digital
BCD result as it’s shown below. After the 8 shift
operations, the three BCD digits enclose individual:
hundredth digit = 4“b0001, tens digit = 4“b0010 and ones
digit = 4“b0100, thus representing the BCD assessment of
124,

The idea following the algorithm can be stated as follows:-

e Each time the number is shifted left; it is multiplied
by 2 as it is change to the BCD position;

e The value inside the BCD digits is the similar as
binary till 9 binary numbers or less than 9 binary
numbers. Though if it is 10 or higher than it is not
correct BCD number because for BCD, this should
carry over after that digit. An improvement has to be
needed and this can be made through adding 6 to this
binary digit.

e The simplest approach to do this is to distinguish if
the value inside the BCD digit locations are 4 or
above previous to the shift (i.e. X2). If it is >4, then
add 3 to the value (i.e. adjust by +6 after the shift). [1]

e The hardware to achieve binary toward BCD
conversion is shown below. Shifting is simple — just
wire all signals one location to the left. For every one
of the BCD locations, we need an “adjust” module
which execute and go behind operation: if the value is
>4, then add 3. This is best illustrated using our
example;-
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Fig 4. 8-bit Binary to BCD Conversion using Add-3
Algorithm.
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Fig 5. 8-bit Binary to BCD Shifting.

The Binary coded decimal converter works in following

steps [1]

e The binary number is shifted by every 1 bit.

e Three columns are segregate hundreds, tens and units
o f 4 bit each from left to right, since the binary
number is shifted to left individually, after 8 shifting.
In the BCD to

e Binary converter module the add-3 component is
employed as a component and is given in fig.2 in the
block diagram of BCD converter.

e Binary number organized by first is hundreds seconds
is tens and third is the units column with most
significant bit in hundreds column.

e |f the value of binary number in any of the BCD
column is four or greater, three is added to so as to
BCD column.

e Step 1 is performed once more till each bit of binary
number is shifting intended for adding three , a add-3
component is created which maps the charge of
column( when greater than 5) to their added result(
result after adding three).[1],[30]

V. SOFTWARE PLATFORMS: XILINX ISE
WEB PACK 14.1

The Xilinx ISE organization is an incorporate part of
design surroundings that consist of a set of plan to
generate (capture), suggest and implement digital designs
in a field programmable gate array or complex
programmable logic design target device. The main
purpose is to give an attractive features and simple to use
graphics user interface next to online facilitate.

VI. SIMULATION ANALYSIS

Once the all VHDL modules are prepared, they should be
simulated before they are put in actual hardware chip. We
can generate a test counter waveform from the Project,
New Source menu of ISE and it will support in setting up
the simulation. Once we simulate our design and feel it is
functioning properly, and then we can move on to
generating the data needed to essentially program the
objective tool with our system design.
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VIl. ADDER IMPLEMENTATION

Execution of 16 bit Binary to Binary Coded Decimal
Converter Adder using add-3 algorithm, addition RCA has
been done using Xilinx 14.1 and simulator has commend
out by I1Sim 14.1e tool.

Fig 7. BCD Input Output View RTL View.

Fig 6. Shows resistor transistor logic view of 16 bit Binary
to BCD converter in which binary_in, clkrst are inputs
which is going to (N-1 down to 0) bcd0, bedl, bed2, bed3,
bcd4: are outputs and figure shows the adder
implementation of our proposed work.

Fig 8. Top Level View of Binary Coded Decimal
converter.

Fig 7 represnts the various combination of multiplexers
and flip flops and 1/O lines related to LUTs and
combination of various Binary to BCD adder connected to
1/0 lines.By double clicking on any of the block gives
information about the type of Binary to BCD adder.

Fig.8 shows the Binary Coded Decimal Converter top
level view of sequential output like counter and flip flop
which counts signal propagation and shows I/O lines of
mux and flip flops.

VIll. FPGA ARCHITECTURE

FPGA stand for Field Programmable Gate Arrays .An
FPGA is a device that stands on the thousands or even
millions of transistors added to perform various logic
functions. They perform functions from simple addition
and subtraction to multifaceted digital filtering and
mistake detection and correction. Aircraft, automaobiles,
radar, missiles and computers are immediately several of
the arrangement that uses FPGA. Figure 9 shows FPGA
architecture. 1/0 edge are the medium in which data are
interfaced and sent from internal logic to external sources
and from which data are received from external sources.
The boundary signals are able to be unidirectional or
bidirectional, and single-ended or differential

Fig 10. FPGA Floor Planer.

By means of the FPGA editor and Floor planner of the ISE
tool the organization can be end more efficiently in word
of space acquired when assembled on a real hardware chip
shown in fig 10.
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IX. FPGA DESIGN FLOW

The FPGA architecture develops and its difficulty
increases, CAD software has become more grown-up as
well. Today, the majority of the FPGA retailer affords a
fairly complete set of intend tools that allows routine
synthesis and compilation from design of the
specifications in hardware specification languages, such as
Verilog or VHDL, all the way behind to a bit flow to
program FPGA chips. Xilinx“s basic structure blocks are
known as (CLBs). Each CLB contains piece, and each and
every slice has (LUTS).

Fig 11. FPGA Logic.

Fig 12. FPGA Block.

X. FPGA PROGRAMMING

A programming file is created by running the Generate
Programming File process. This process is being run
subsequent to the FPGA intend has been totally routed.
The Generate Programming File procedure simulates Bit
Gen, the Xilinx bit stream generation program, to generate
a bit stream (.BIT) or (.ISC) file for Xilinx device
configuration. The FPGA tool is then configured by means
of the bit file using the JTAG edge scan method. After the
Spartan device is configured for the intended of the
design, then its working is verified by applying different
type®s inputs.

Lo

Fig 13. FPGA Logic.

XI. SIMULATION RESULTS

Here below shows the result analysis of our proposed
work. Proposed work is being compared with the existing
design. According to the existing design they designed 7
bit Binary to BCD converter through add 3 conversion
algorithms and synthesized in synopsis tool. The proposed
thesis in which a 16 bit Binary to BCD converter is
designed through add 3 algorithm which is Binary to BCD
converter as well as adder in which shifting and adding
process takes place. Adding is done when digit is greater
than 4 so add the digit by 3. The proposed work shows
superior results as compared to existing design. Table 1
shows the comparison of Binary Coded Decimal
Converter with existing design [1]. Binary Coded Decimal
adder is a modest additional but it provides option for
addition with large number of input and also in more
efficient way in expression of area and delay.

Table 1. Comparison Table.

Metric | Area (um2) |Delay(ns) |Power(w)
Proposed | 48 LUT used 1.663 0.42
design | out 0f63,400
Utilization 1%
Design [1] 903 1.89 549

Tablel below shows the comparison of Binary Coded
Decimal Converter with existing design [1]. Synthesis
results demonstrate that present is a reduction in delay,
power and area. This in turn reduces power delay product
and Minimum period: 2.600ns (Maximum Frequency:
384.645MHz) & Minimum input arrival time before clock:
2.765ns & Maximum output required time after clock:
4.714ns Maximum combinational path delay: Fig.14
shows the timing summary in which timing details, delay,
data path and total delay of the circuit of 16-bit Binary
Coded Decimal Converter.

Simulation process and Results: In this work, Xilinx and I-
sim tools are used for timing analysis and synthesis. The
simulation output for both 16-bit Binary to BCD adder is
presented. After verifying the block diagram, the behavior
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of 16-bit Binary to BCD adder is checked by simulation
process. Fig. 15 shows the simulation waveform of Binary
Coded Decimal Converter in which state and state _next
signal waveform of Binary Coded Decimal Converter
shown. Fig.16 shows the simulation waveform of Binary
to BCD converter which represents Binary Coded Decimal
Converter simulation output, which shows reset on 0 and
Binary Coded Decimal out register occupied output value
and remaining length value represented by “L”

Ling
Destination Clocks clk falling
Data Bach: shifs_counver d oo binary 0
Gaze | Hes
Cellrin-sous fanous  Delay Delay Logical Name (New Fame)

FIXE:C-2Q 4
LITS:10-30 a
LIT3:12-30 1
FIX_1:D

Total 1.66an= (0.56nz logic, 1.100ns zomse)
133.5% logic, 66.1% roucs)

Fig 14. Timing Summary of 16- bit Binary Coded Decimal
Converter.

Fig 16. Simulation Waveform of Binary Coded Decimal
Converter.

k

Fig 17. Simulation Waveform of Binary Coded Decimal
Converter.

Fig 17 represents Binary Coded Decimal Converter
simulation output, which shows reset on ,,U* and CLK on
, 1 that means clock is applied here in this part and the
output values are changed according to that in which the
number and its BCD number is converted simultaneously
and counter also shown which counts the value till 16.
Here start, shift and done shows the conversion and
addition process of our proposed work.

Device Utilization Summary ‘ 1

Slice Logic Utilization Used Available Utilization Note(s)
Number of Sice Registers 63 126,300 1%
Nurber used as Fip Flops 63
Number used as Latches 0
Nurber used as Latch-thrus 0
Number used as AND/OR logics 0
Number of Sice LUTs 8 63,400 1%
Number used as logic 8 53,400 1%
Number using 06 autput only 47

Number using O autput only

Number using 05 and 06

Number used as ROM

Number used exclusely as route-thrus

0
1
0
Number used as Memory 0 19,000 0%
0
n

Humber of occupied Slices 15,850 1%

Number of LUT Flip Flop pairs used 68

Number with an unused Fiip Flop 6 3 3%

Number with an unused LUT n 68 29%

Number of fuly used LUT-FF pairs 2 68 61%

Number of unique control sets 3

Fig 18. Summary of Binary Coded Decimal Converter.
XIl. POWER ANALYSIS

Binary coded decimal adder is a modest additional but it
provides option for addition with large number of input
and also in more efficient way in expression of area and
delay. So proposed work is very efficient and useful in
higher level addition with increasing numeral of inputs
with the increasing complexity in computation application.
Power analysis figure of the proposed design shows the
total power consumed by the design in terms of leakage
current and also tell about the thermal properties.and
supply power of the proposed design. Figure below shows
all the output parameters related to power analysis of the
proposed design is shown the fig 19. All these parameters
of the proposed design show superior results in terms of
delay, power, and area. The proposed design is simulated
and synthesized in Xilinx 14.1.
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Fig 19. Shown Power expenditure of Binary Coded
Decimal Adder.

XI11. CONCLUSIONS

A novel integrated Binary to Binary Coded Decimal multi-
operand addition algorithm has been proposed. The binary
parallel multi-operand addition is realized by programmers
to convert a Binary number to Decimal. It is performed by
shifting and adding through add-3 algorithm [1], and can
be implemented using a smaller amount of number of
gates in computer hardware, which ultimately makes it
area efficient.

The proposed Binary Coded Decimal converter forms the
center of the multi-operand Binary adder. Simulation
results show the competence of our proposed BCD
converter in addition to multi-operand decimal adder with
respect to exiting designs. [1]
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