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Abstract — Most important digital component in IC design
is adders. In almost all computations, addition is used as
the most basic operation. Therefore, the design and
implementation of binary adders is important considering
their area, cost and power. A ripple carry adder has
compact area but speed is compromised. A look ahead
carry adder is more efficient in terms of computation time
but its area is more. Carry select adder is a perfect balance
between the two. In this work, a carry select adder has been
implemented which does the calculation two times, first
assuming the carry to be one and the next one assuming the
carry to be zero. It provides a good compromise over cost
and time and thereby showing a proper trade-off between
time and area complexities. Also, a carry save adder has
been analyzed and the design is shown.
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1. INTRODUCTION

Addition is the most important operation in almost
every computational unit say for instance, in
microprocessors, digital signal processing, digital
image processing etc., also it is the basic operation
which is the base for many other complex operations.
Area and power are the two crucial factors which are
to be concerned in order to increase the portability
and better life of portable devices. Even in Personal
Computers (PC) and servers, power dissipation is an
important design concern. In recent time, most of the
computational devices are in thrust of getting area
and cost efficient systems and it serves as the most
important research area in many domains. The carry
propagation serves as the crucial factor in deciding
the speed of addition, the faster it propagates the
faster is the computation and vice versa. Depending
on delay, area and power consumption requirements,
several adder implementations have been proposed.
Ripple carry adder is the slowest adder as compared
to other adders as it works on the principle of rippling
the carry which takes time.

Carry select adder (CSL) improves the performance
and it is faster and therefore used in many high speed
arithmetic calculations and processing applications.
By gate level modification of CSL architecture, we
can reduce area and power.

The basic motivation of this work is to develop an
efficient less area and low power adder. It is clear

from Fig 1(a) that the structure has a wide scope of
improvement as far as area and power are concerned.
1. CARRY SELECT ADDER (CSL)

The main advantage of CSL [1] is to improve the
delay in carry propagation. One way of doing this is
to have simultaneously more than one pair of ripple
carry adder, in which the carry bit ripples from one
stage to next stage. The adder output i.e. sum and the
carry out from any stage cannot be produced, until
sometime after the carry—in of the stage occurs. This
is due to the propagation delay in logic circuitry,
which leads to a time delay in the addition process.
Therefore, the efficiency of ripple carry adder has
been dependent on the delay in carry propagation
from previous stage to next stage. The CSL has been
popularly used to improves the performance of
arithmetic unit by independently generating the
multiple carries and then selecting the required carry
output to give the final output.
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Fig. 1 (a) Basic block of CSL adder

Fig. 1(a) shows the basic block sketch of 4 block CSL
adder. As shown in the figure, two adders are
multiplexed and resulting carry and sum bits are
selected by the carry-in [11]. Here, one ripple carry
adder works with the assumption of carry-in to be 0
and the other one with the assumption of carry-in to
be 1, the desired result can be obtained by selecting
the correct assumption.
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Fig. 1 (b) Basic block diagram of Carry select adder

Fig. 1(b) represents a basic block sketch of CSL
adder. A 16-bit CS adder with a periodic block size of
4 can be created with three of these blocks and a 4-bit
ripple carry adder [11]. We can make a note of the
absence of carry select block in the initial stage of
addition, since the initial carry is known to be zero.
The time taken by the inputs to reach the output of
CSL adder will be cumulative delays of 4 full adder,
plus delays of 3 multiplexers.

I1l. CARRY SAVE ADDER (CS)

Fig. 1(c) shows the basic building block of carry save
adder. Carry save adder reduces the implementation
of addition of 3 numbers by addition of 2 numbers.
CS unit comprises of n full adders and every full
adder produces a sum and a carry out for the
respective input bit. The final sum can be obtained by
shifting the carry sequence left by one place and
padding a 0 at the MSB of the intermediate sequence
and adding this sequence to the ripple carry adder
(RCA) which in turn gives the resulting n+1 value
[12].

Continuing this process indefinitely and adding an
input or each stage of full adder results in no carry
propagation at the intermediate stage. Further,
arranging of these staging in a binary tree form with
taking into account the cumulative delay logarithmic
with respect to the number of inputs also considering
the number of bits per input [12]. CS is mainly used
in multipliers for efficient CMOS implementation and
for high speed digital signal processing applications.
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Fig. 1 (c) Basic building block of Carry save adder

IV.DESIGN IMPLEMENTATION

Carry select adder efforts by forming propagate and
generate signals (P and G) which depends on whether
a carry is being propagated through least significant
bit for one of the two inputs being ‘1’ or a carry being
created in that position when both the inputs are ‘1’
or a carry being killed in a particular bit position
when both the inputs are ‘0’ [2] [13].

Generally P and G are considered to be the two
outputs (sum and the carry) of the half adder
respectively [2]. In CS adder the carry propagator is
propagated to next bit which make this as fast adder.
The design steps of 16-bit look ahead carry adder
using cadence tool has many steps. First a 4-Bit adder
is designed which is elongated to 16-bit adder.

Expressions for 4-bit:
Carry Generation (G) =AB
Carry propagation (P) =XOR (A,B)

Carry(C): C0=G0+P0 CIN
C1=G1+P1 CO
C2=G2+P2 C1
C3=G3+P3 C2

SUM(S):
S0=XOR(A0,B0,C0)
S1=XOR(A1,B1,C1)
S2=XOR(A2,B2,C2)
S3=XOR(A3,B3,C3)

Here, 16-bit carry select adder has been simulated
and RTL and technology schematic is generated
using Xilinx ISIM 9 simulator in verilog. Fig. 2
represents the block diagram of 16 bit carry select
adder.

V.RESULTS

The design shown in this work has been developed
using Virtuoso Encounter using typical libraries of
TSMC 45 nm or gpdk45. The design constraints and
the netlist generated after synthesis are imported to
encounter (micro wind) and then from standard cells
and routing and placement automated layout can be
generated.
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Fig. 2 Block diagram of CSL Adder Fig. 4(a) Technology schematic of Carry select Adder
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« Fig. 4 (b) Technology schematic of CSL Adder

Fig 3 (a) and 3(b) depicts RTL schematic of C adder
using cadence virtuoso tool and Fig. 4(a) and Fig.
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:F T 4(b) depicts technology schematic of CSL adder.
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Fig. 3(a) RTL schematic of CSL Adder

Fig. 5 Simulation result of CSL Adder

) . Fig. 6 CSL Adder implemented in Virtuoso
Fig. 3(b) RTL schematic of CSL Adder Encounter
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Fig. 8 RTL schematic of CS Adder

Fig. 9 Technology schematic of CS Adder

Fig 5 shows the simulation output of carry select
adder. Fig. 6 shows CSL adder implemented in
Virtuoso Encounter. Fig. 7 depicts the block sketch of
CS adder. Fig. 8 & 9 depicts RTL and Technology
schematic of CS adder.

\ ! I g

Fig. 10 CS Adder implemented in Virtuoso Encounter

The simulation result has been shown from Fig 2
to 10 and exhibit the regular CSL with respect to area,
power and delay. The area shows the total number of
MOSFETS in terms of cell area.

The total power includes total internal power, total
switching power and total leakage power for
sequential, combinational, input-output and clock.

The timing analysis indicates the delay in the
arrival of input and output data.

Table 1 Parameter values for CSLA and CSA

Parameter Value (CSL) Value (CS)
Total internal 77.7596% 70.617%
Power
Total Switching 22.1350% 29.2819%
Power
Total Leakage 0.1054% 0.1034%
Power
Input Delay 2Us 2Us
Begin point 2us 2us
arrival time
XOR Gate delay 2.095us 2.01 us
OR Gate delay 0.069 us 0.069us
Full Adder delay 0.088 us 0.088 us
Clock Delay 0.084 us 0.84 us

VI. CONCLUSION

Our idea has been successfully implemented in this
paper and the results clearly show that the
performance has been improved with respect to area
and power consumption using CSL and CS
architecture as shown in the figure that the number of
gates has been reduced. The results show that the
CSL architecture is simple and efficient and can be
used for compact and highly efficient applications for
VLSI design [14].

ISSN: 2231-5381

http://www.ijettjournal.org

Page 55



http://www.ijettjournal.org/

International Journal of Engineering Trends and Technology (IJETT- Scopus Indexed) — Special Issues - ICT 2020

(1]

[2]

(3]

(4]

(5]

(6]
[7]
(8l
[9]

[10]

[11]

[12]

REFERENCES

B. Ramkumar and Harish M Kittur, “Area-Efficient Carry
Select Adder” Low-Power and IEEE transactions on very
large scale integration (VLSI) systems, vol.no. 2, February
2012.

Wonhak Hong, Rajashekhar Modugu, and Minsu Choi,
“Efficient Online Self-Checking Modulo Multiplier Design”,
IEEE transactions on computers September 2011.

Mariano Aguirre-Hernandez, “CMOS Full-Adders for
Energy-Efficient ~ Arithmetic ~ Applications”, IEEE
transactions on very large scale integration (VLSI) Systems
June 2010.

B. Ramkumar, Harish M Kittur and P.Mahesh Kannan,
“ASIC Implementation of Modified Faster Carry Save
Adder”, European Journal of Scientific Research, vol.42
no.1, pp.53-58, 2010.

Y. He, C. H. Chang, and J. Gu, “An area efficient 64-bit
square root carry-select adder for low power applications”,
Proc. IEEE Int. Symp. Circuits Syst., 2005, vol. 4, pp.
4082-4085.

J. M. Rabaey, Digital Integrated Circuits, “A Design
Perspective. Upper Saddle River”, NJ: Prentice-Hall, 2001.

R. Zimmerman and W. Fichtner, “Low-power logic styles:
CMOS versus pass-transistor logic,” IEEE J. Solid-State
Circuits, vol. 32, no.7, pp. 1079-1090, Jul. 1997.

N. Weste and K. Eshraghian, “Principle of CMOS VLSI
Design”, A System Perspective. Reading, MA: Addison-
Wesley, 1988, ch.5

0O.J.Bedrij, “Carry-Select Adder”, IRE Transactions on
Electronic Computers, Pp. 340-344,1962.

V.G. Oklobdzija, “High-Speed VLS| Arithmetic Units:
Adders and Multipliers in —Design of High-Performance
Microprocessor Circuits”, Book edited by A.Chandrakasan,
IEEE press, 2000.

M. AntoBennet, S. Sankaranarayanan, V. BanuPriya, P Jaya
Pretheena, S. Yamini, S. Supriya. "Performance and
Analysis of Low Power area efficient and high speed carry
fast adder", International Journal on Smart Sensing and
Intelligent Systems, 2017.

N. Jayasudha, K. G. Sathiya. "Reconfigurable architecture
for FIR filter with low power consumption,2013
International Conference on Information Communication
and Embedded Systems (ICICES), 2013.

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

U Penchalaiah, Siva Kumar VG. "Design of High-Speed
and Energy-Efficient Parallel Prefix Kogge Stone Adder",
2018 |EEE International Conference on  System,
Computation, Automation and Networking (ICSCA), 2018.
B. Ramkumar, Harish M Kittur. "Low-Power and Area-
Efficient Carry Select Adder", IEEE Transactions on Very
Large Scale Integration (VLSI) Systems, 2012

Rajput, Seema, Rita Jain, and AWADHESH KG Kandu.
"Review  Of Full Adder Using Reversible
Logic." International ~ Journal ~ of  Electronics  and
Communication Engineering (JECE) 2.3 (2013): 97-102.
STORK, MILAN, and MESSAOUDA AZZOUZI.
"THEORY AND EXPERIMENTAL RESULTS OF FLYING-
ADDER FREQUENCY SYNTHESIZER." IMPACT:
International Journal of Research in Engineering &
Technology (IMPACT: IURET) 2.10 (2014):25-38
BHARADWAJ, ABHUITH A, et al. "DESIGN AND
OPTIMIZATION OF REVERSIBLE CARRY LOOK AHEAD
ADDER CIRCUIT." International Journal of Electronics and
Communication Engineering (WECE) 3.3 (2014):65-72
SABARINATHAN, M., et al. "A HIGH SPEED AND LESS
AREA MULTIPLIER FOR HIGH SPEED PROCESSOR BY
SDT TECHNIQUE." International Journal of Electronics
and Communication Engineering (WECE) 2.2 (2013):33-42
TIWADE, DISHA A, and R. ANITHA. "DESIGNING A
NEW REVERSIBLE ADDER/SUBTRACTOR CIRCUIT
FOR LOW POWER ALU APPLICATION." International
Journal of Semiconductor Science & Technology (1JSST)
9.1 (2019):13-22

TAPASVI, B., KNV SATYANARAYANA, and K.
CHALAPATHI RAJU. "DELAY EFFICIENT 128-BIT
LADNER-FISCHER ADDER." International Journal of
Electronics, Communication & Instrumentation Engineering
Research and Development (IJECIERD) 8.3 (2018):1-10
DURGA, G. KANAKA, and K. SOWJANYA. "AREA
OPTIMIZED ARITHMETIC AND LOGIC UNIT USING
LOW POWER 1-BIT FULL ADDER." International Journal
of Electronics, Communication & Instrumentation
Engineering Research and Development (IJECIERD) 3.3
(2013): 115-120.

ISSN: 2231-5381

http://www.ijettjournal.org

Page 56



http://www.ijettjournal.org/

