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ABSTRACT

This article presents a novel architecture for hardware efficient binary represented decimal
addition. We extend the two operand ripple carry addition by one with the third input being
constant. The addition technique is made fast by generating flag bits appropriate to the constant
added. The third constant in case of our proposed design is 6 (0110) for converting the outputs
exceeding 9 to Binary Coded Decimal (BCD) number. The proposed BCD adder has been
designed using VHDL code and synthesized using Altera Quartus Il. Experimental results show
that the proposed design outperforms the previous researches in terms of power dissipation and
area FPGA Implementation of Low Power Hardware Efficient Flagged Binary Coded Decimal
Adder

INTRODUCTION

Adders are the key components of ALUs
and MAC utilized as a part of picture and
signal processing architectures as they lie in
the critical path. Adder performance can be
enhanced by decreasing the delay of carry
propagation chain or basic adder cell. This
can be tended to by either enhancing the
structure of the 1-bit FA which is one of the

basic cells in adders, for example, the carry

select or carry skip, and in addition the
building piece of the RCA, since a n bit
RCA is formed by n 1-bit FAs, or by
utilizing enhanced fast adder architectures,
for example, Conditional Sum Adders
(CSUASs) or CLAs

The adder proposed by Hassoune et al

(2010) utilizes hybrid logic combining PT
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logic and BBL for sum and carry squares
separately. The logic styles utilized as a part
of this adder are less complex and their
combination
compared to CMOS FA and CPL FA
(Hassoune et al 2010). However BBL-PT
FA has high delay since the gate of the level

requires  less  transistors

restorer PMOS in sum piece is driven by
supplement of yield, bringing about stride
yield (Hassoune et al 2010). A Low Power
Full Adder(LPFA) using ALDC is a hybrid
FA, which combines pseudo NMOS for
carry and PT logic for sum is proposed and

discussed

DESIGN OF LOW POWER FULL
ADDER USING ALDC (LPFA-ALDC)

In this segment another structure of
hybrid FA is designed by consolidating
Pseudo NMOS logic and PT logic.
Additionally, another circuit for driving
the level reestablishing weak PMOS
transistor is designed and executed in
the LPFA. An examination between
proposed LPFA, LPFA - ALDC, and
its counterparts viz., static CMOS FA,
CPL FA, CMOS-BBL hybrid FA and
BBL-PT FA are done utilizing TSPICE
utilizing 180nm technology file

March, 2016

DESIGN OF HARDWARE EFFICIENT
FLAGGED BINARY CODED
DECIMAL ADDER

Decimal adder is the critical part of ALUs
intended for business and commercial
applications. They are the key components
as they lie in the critical path of the
preparing architecture and decide the overall

execution of the system
Overview of BCD Addition

In electronic system, BCD is an
encoding for decimal numbers in which
every digit is represented by its own
particular binary grouping. It enables
simple transformation to digits and
results in faster calculations. At the
point when BCD numbers are included,
each sum digit ought to be changed in
accordance with skip the six unused
codes. For example, the additions of
two decimal digits in BCD, together
with a conceivable carry from a past
minimum significant pair of digits
(expecting most extreme incentive for
input digits) viz., 9 + 9 +1 would bring
abo.The equal binary aggregate will be
in the range 0 to 19 represented in
binary as 0000 to 10011 and BCD as
0000 to 1 1001(the initial 1 being carry
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and next four bits being BCD digit
sum). For the binary sum equivalent to
or under 1001 the relating BCD digit is
the same. However when the binary
sum surpasses 1001, the outcome is
invalid BCD digit. The expansion of
6(0110)2 to the binary entirety converts

March, 2016

it to the correct digit and furthermore
delivers carry (Morris Mano 2001)
Figure.l demonstrates the block
diagram of a 1 digit BCD adder (Morris
Mano 2001) in light of the above
methodology.

B,A, B,A, B,A, ByA,

YY VYV ¥V ¥y

4 BIT ADDER
Cout <

8 8 85 & %

e

®
0 0

4

YYVYY 4

4 BIT ADDER
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Figure.1 Block diagram of BCD adder

Proposed Flagged BCD Adder

The hardware efficient BCD adder utilizes the Flagged BCD adder are 4 bit RCA,

flagged binary addition method proposed by Excess 9 indicator, flag bit calculation

Dave et al (2010). The different blocks of

block, flag reversal block and four 2:1
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multiplexers as appeared in Figure.2. The
input bits A3BA2A1A0 and B3B2B1BO0 are
fed to the principal arrange binary adder.
The sum output S(S3'S2'S1'S0") and
complete Co of this stage is encouraged to

Excess 9 detector appeared in Figure 3 On

BiB2B1Bs A3AA1As

K 4
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the off chance that the sum S(S3'S2'S1'S0Q")
is not exactly or equivalent to 9 the Cout of
Excess 9 finder will be zero and the sum
S(S3'S2'S1'S0") will be gone out through the

multiplexer.

FAST BINARY ADDER

|

Co 34 So'S"S Sy’

[ ExcEss-o DETEC‘TOR_J

K

g FLAG BIT COMPUTATION

L
Cout F44$I:‘F'F'F“ 4 &,- Si' S1' S5

| FLAG INVERSION LoGiC |

UMGMEMINGE 4 X S0 6y S Sy

\ I 84 MUX

0 /

| R4 4 {RAR:R:R‘

Figure 2 Block diagram of flagged BCD adder

Co So' Ss' Sy

Cout

Figure 3. Schematic of Excess-9 detector
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If the sum S(S3’S,’S1’Sp’) exceeds 9,

the Cou Of Excess 9 detector will be 1

and the sum bits will be passed through

the flag bit computation block shown in
d;=0

d2: Sl’
ds;=d, + Sy’

d4:d3& 83’

The intermediate carry bits dsdsd, and
d; are then used by the flag bit
computation block to generate flag bits

Fo =0
F1: 1
FzznOt(dz)
Fa=d3
F4:d4

Coutc

di =0
FO S0
F1i = 1
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Figure.4 to generate intermediate carry
bits dsdsd, and d; shown in Equation
(3.7) to Equation(3.10)

(3.7)
(3.8)
(3.9)

(3.10)

Fo, F1,F2,F3 and F4 shown in Equation
(3.11) to Equation (3.15).

(3.11)
(3.12)
(3.13)
(3.14)
(3.15)

Figure 4 Schematic of carry and flag bit computation block
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The flag bits FO,F1,F2,F3 and F4 and sum
S(S3'S2'S1'S0") are gone through flag
reversal logic appeared in Figure.5 to create
the BCD output M3M2M1MO for S(Co

- b
K2 S2

Mo=-So’
Mi-F2

M:
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S§3'S2'S1'S0)which  surpasses 9. The
M3M2M1MO of the flagged reversal block
is the other inputto the multiplexer which is
passed out for Cout 5 1

h hl ’
Fia S3

M3

Figure.5 Schematic of flag inversion logic

Performance Analysis

The Flagged BCD adder is depicted utilizing
structural VHDL to deliver gate level net list
and synthesized utilizing Altera Quartus II.
The proposed BCD adder is assessed
utilizing Carry Skip (CSK) adder (Cha and
Swartzlander 2000) and CSLA (Ramkumar
and Kittur 2012) for the primary stage

addition. Regular BCD adder (Morris Mano
2001), Correction free BCD adder
(AlKhaleel et al 2011), Carry skip BCD
adder (Thapliyal et al 2006) are utilized for
comparison. The zone, delay and total power
dissipation comes about for 1 digit adder
plans are appeared in Table 1. A plot of area

of these adders is appeared in Figure 6.



Airo International Research Journal March, 2016
Volume VII, ISSN: 2320-3714

Table 1Comparison of area, delay and power dissipation of flagged BCD adder and state-of-

the art designs for 1 digit

Parameters Area Del Total power | Static power
ay
. (Number of (ns) dissipation | dissipation
BCD Adders T Logic Elements) (mW) {mW)
Conventional i
_ 11 13.230 144.06 20.04
{MMomis Mano 2001%
Comection free (AlEhaleel et _ ~
% 13.326 147.02 80.05
al2011)
CSE(Thapliyal et al 2006) 13 11.500 138.36 £0.02
Proposed-Using CSLA 13 12,303 146.43 20.04
Proposed-Using CSK 9 12984 146.31 80.04
a
This is because of the long carry Correction free BCD adder (AlKhaleel et al
generation(Cout) way which is 1 OR 2011). What's more the proposed BCD
abundance of 4 XOR delays in Conventional adders show better power dissipation
BCD adder (Morris Mano 2001) and more performance contrasted with redress free
number of stages utilized as a part of BCD adder design.
Area(Number of LEs)
35
30
E 25
:; 20
Z: 15
g
< 10
0

Conventional Correction free Carry skip Flagged BCD- Flagged BCD-
CSLA CSK

BCD adder designs

Figure 6. Area of 1 digit decimal adders
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Implementation of the Flagged BCD
Adder for 2 Digit Addition

To determine the functionality of the

proposed BCD adder an implementation in 2

-----------------------------------------------------

BiBsBsBs  A7AsAsAs

R} 4

[ FASTBINARY ADDER

|.—

| S7' S¢' Ss' S¢'

C 44
A

[ EXCESS-9 DETECTOR ]
Ll

¥
FLAG BIT COMPUTATION |

4{F.F’F'F" 4 {S' $¢ S¢' S¢

Cout2
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digit addition is done and is shown in Figure
1.

BiB:BiBo  AzAzA1A0

4 4
FAST BINARY ADDER  }— Ca
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Figure 7 Flagged BCD Adders for 2 Digit Addition

The carry out of the principal digit adder
(Cout) is utilized as the carry input of

starting stage adder of second digit adder.

The carry spread time for a two digit
execution is 7 AND + 14 OR gate delays

CONCLUSION

In this chapter efficient design of a LPFA
and a BCD adder are done. The design of
LPFA is finished utilizing Pseudo NMOS

logic for carry and PT logic for aggregate.
An enhancement of the LPFA has been done
by executing an ALDC for driving draw up
PMOS transistor to lessen the static and total
power dissipation. Recreations
TSPICE in 180 nm technology have
demonstrated that LPFA-ALDC and
LPFA exhibits critical

diminishment in total power dissipation

utilizing

its

essential version-

when contrasted with past approaches
specified in literature. Also, the ALDC
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actualized adder design performs better
regarding static and total power dissipation
contrasted with the fundamental form. A
usage of the LPFA, LPFA-ALDC designs in
4-bit CSLA circuit demonstrated better total
power decreases contrasted with 4-bit
CSLAs executed with adders utilized for
comparison. A usage in complex designs,
for example, ALUs and MAC, could
completely understand the advantages of
proposed Pseudo NMOS-PT adder ALDC.
Be that as it may, LPFA and LPFA-ALDC
indicate poor static power dissipation
compared with the state-of the art designs
which should be concentrated for advance

improvement.
REFERENCES

1.Akhter, S. ‘““VHDL implementation of
fast N X N multiplier based on vedic
mathematic”, Proc. of 18" European
Conference on Circuit Theory and Design
(ECCTD 2007), Seville, pp. 472-475, 2007.

2.Alioto, M., Mita, R. and Palumbo, G.
“Design of high-speed power-efficient
MOS  current-mode  logic  frequency
dividers”, IEEE Transactions on Circuits
and Systems Il, Expression Briefs, Vol. 53,

No. 11, pp. 1165-1169, 2006.

March, 2016

3.AlKhaleel, O., Mohammad Al-
Khaleel, Zakaria Al-Qudah, Christos,
A. Papachristou , Khaldoon Mhaida
and Francis, G. Wolff, ‘Fast
binary/decimal adder/subtractor with a
novel correction-free BCD addition”,
IEEE Conference on Electronics,
Circuits and Systems, Beirut, pp. 455-
459, 2011.

4.AnshulSingh, Aman Gupta, Sreehari

Veeramachaneni and Srinivas,

5.M.B. ““A high performance unified
BCD and binary adder/subtractor”,
IEEE Computer Society Annual
Symposium on VLSI (ISVLSI 2009),
Tampa, FL, pp.211-216, 2009.

6..Babu, H. and Chowdhury, A.R.
“Design of a reversible binary coded
decimal adder using reversible 4-bit
parallel adder”, Proc. of IEEE
Computer Society 18" International
Conference on VLSI Design, (VLSID
2005), Kolkata, pp.255-260, 2005.

7.Bajaj, R., Saransh Chhabra and
Srinivas, M.B. ‘A novel, low-power
array multiplier architecture”, Proc. of
International Symposium on

Communication and Information



Airo International Research Journal
Volume VII, ISSN: 2320-3714
Technology, Icheon, pp. 119-123,
2009.

8..Baugh, R. and Wooley, B.A. “‘A
two‘s complement parallel array
multiplication algorithm”, IEEE
Transactions on Computers, Vol.22,
No. 12, pp.1045-1059, 1973.

9.Bayrakci, A. and AhmetAkkas,
““Reduced delay BCD adder”, IEEE
International Conf. on Application
Specific Systems, Architectures and
Processors(ASAP 2007), Vol. 9,

No. 11,pp. 266-271,
2007.

10.Biswas, A.K., MahmudulHasan,
Md., MoshaddekHasan, Ahsan Raja
Chowdhury and Hafi Md. Hasan Babu,
““A novel approach to design BCD
adder and carry skip BCD adder”, 21*
International Conference on VLSI
Design(VLSI Design 2008),
Hyderabad, pp. 566-571, 2008.

11.Borah, M., Owens, R.M. and Irwin,

M.J. ““Transistor sizing for low power

March, 2016

CMOS circuits”, IEEE Transactions on
Computer Aided Design of Integrated
Circuits and Systems, Vol.15, No.6, pp.
665-671, 1996.

12.Breuer, M. A. “‘Let's think analog”,
Proc. of IEEE Computer Society
Annual Symposium on VLSI, pp.2-5,
2005.

13.Breuer, M. A. and Haiyang Zhu.
““Error-tolerance and multi-media”,
Proc. of 2006 International Conference
on Intelligent Information Hiding and
Multimedia Signal Processing,
Toulouse, pp. 521-524, 2006.

14.Burton, P. and Noaks, D.R. ‘‘High-
speed iterative multiplier”, Electronics

Letters, Vol. 4, pp. 22, 1968.

15.Cha, M and  Swartzlander,
E.E.”Modified carry skip adder for
reducing first block delay” Proc. Of the
43" |EEE Midwest Symposium on
Circuits and Systems, Lansing,Ml,
Vol.1, pp.346-348, 2000



