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ABSTRACT

The Full Adder circuit is an important component dpplication such as Digital Signal Processing (PSP
architecture, microprocessor, microcontroller amathdorocessing units. This paper discusses theutéaolof full adder
circuits in terms of lesser power consumption aighdr speed. Starting with the most conventionalra8sistors full
adder and then gradually studied different typefutbfadders. This paper has also included somt@imost popular full
adder cells like Transmission gate full adder, pmassistor full adder, Static Energy Recovery FAdlder (SERF),
Adder9B, GDI based full adder and Self resettingjd(SRL) with GDI full adder. The simulations halveen carried out
by Tanner EDA tools on 250nm technology.

KEYWORDS: CMOS Transmission Gate (TG), Pass-Transistor L¢BIEL), Complementary Pass-transistor Logic
(CPL), Gate Diffusion Input (GDI), Static Energy d®ery Full Adder (SERF)), Adder 9B, GDI based FAdider, low
power, Full Adder, CMOS, exclusive-OR (XOR), ex¢lessNOR (XNOR), Self Resetting Logic(SRL)

INTRODUCTION

Much of the research efforts of the past yearshim drea of digital electronics have been directedatds
increasing the speed of digital systems. Recetitlyrequirement of portability and the moderaterompment in battery
performance indicate that the power consumptioanis of the most critical design parameters. Theettmost widely
accepted metrics to measure the quality of a dirouito compare various circuit styles are aredaydend power
consumption. Portability imposes a strict limitation power dissipation while still demands high pomational speeds.
The reduction of the power consumption and the awpment of the speed require optimizations ateakls of the design
procedure. Since, most digital circuitry is commbsé simple and/or complex gates; the best wayrplément adders in
order to achieve low power consumption and highedp&everal circuit design techniques are compiaredder to find

their efficiency in terms of speed and power constimn.

At the heart of data-path and addressing unitsuin fre arithmetic units, such as comparators, radded
multipliers. Finally, the basic operation foundnost arithmetic components is the binary addit@omputations need to
be performed using low- power, area-efficient diswperating at greater speed. Addition is the tnhasic arithmetic
operation; and adder is the most fundamental adtitncomponent of the processor. The design aoiteof a full adder
cell is usually multi-fold. Transistor count is, oburse, a primary concern which largely affecesdiesign complexity of
many function units such as multiplier and algariit logic unit (ALU). The limited power supply caplty of present
battery technology has made power consumption gorft@ant figure in portable devices. There is naldall adder cell
that can be used in all types of applications. ldemavel architectures such as Static Energy Regdudl Adder (SERF),

Transmission Gate (TG), Adder 9B and GDI baseddtler are proposed to meet the requirements.
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The one-bit full adder has a three-input two-outpuitding block. The inputs are the two bits tostenmed A, B
and the carry bit Cin, which derives from the chdtions of the last stages digit. The outputs Aeeresult of the sum

operation S and the resulting value of the carrbut. More expressly the sum and carry outpugaren by,
Sum =AxorB xorC ... (D)
Cout = @ andB) or (B andC) or (A andC) ... (2)
From (2) it is evident that if A=B the carry outpstequal to their value.
DIFFERENT TYPES OF FULL ADDER CIRCUITS
In this section the different types of full addécuits are discussed.
Conventional 28T CMOS Full Adder

Table 1: Truth Table of Full Adder

Input Input | Carry | Sum Carry

bit for bit for bt bit bt
number | number | input output | output
A = Ciw | ° Cour

Q Q 0 & O

0 Q 1 1 O

0 1 0 1 0O

o] 1 1 o 1

i O 0 ) Q

i 8] 1 ] 1

i 1 0 o] 1

1 1 1 ) 1

E"jDL@%S

Cout

Figure 1: Block Diagram of Full Adder

The conventional CMOS adder cell using 28 transssbased on standard CMOS topology is shown irrdigu
Due to high number of transistors; its power corstion is high. Large PMOS transistor in pull upwetk results in high
input capacitances, which cause high power condomp®ne of the most significant advantages of thisadder was

high noise margins and thus reliable operatioowtioltages and high noise margin.

Impact Factor (JCC): 3.6986 NAAS Rating.06
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Figure 2: 28T Conventional CMOS Full Adder Circuit
Transmission Gate Full Adder

Transmission gate produces buffered outputs of grgmlarity for both sum and carry. In this circtito
inverters are followed by two transmission gategctviact as 8-T XOR. Subsequently 8-T XNOR modulkfes. It has 4
transistors XOR which in the next stage is invettegroduce XNOR. These XOR and XNOR are used gémeum; B
and Cin are multiplexed which can generate coué Jignal cin controlled either ba @nd b) or (a xor b).Similarly the
cout can be calculated by multiplexiagand cin which is controlled by (a) and Cin are tipléxed which can controlled

either by (a and b). The power dissipation in thisuit is more than the 28T or (a xor b).

Similarly the cout can be calculated by multipleaxaand cin controlled by (a and b). The power disgjpain

this circuit is more than the 28T adder. Howevahwiame power consumption it performs faster.

Figure 3: Transmission Gate Full Adder Circuit

Pass Transistor Full Adder

The 14 transistors used to realize the adder fonciihis design is area efficient. The 14 transsstmider circuits
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are similar to transmission gate adder cell andlempnts the complementary pass logic to drive taal.l Schematic

diagram of adder using pass transistor full adslgiien below,

Figure 4: 14T Full Adder Circuit

Static Energy Recovery Full Adder

In the 10T adder cell, the implementation of XORI #NOR of A and B are done using pass transistgicland
an inverter is to complement the input signal AisTimplementation results in faster XOR and XNORpots and also
ensures that there is a balance of delay at thmubof these gates. This leads to less spurious @bd/iCarry signal. The
energy recovering logic reuses charge and therefmnsumes less power than non-energy recoveririg. ldgshould be

noted that the new SERF adder has no direct pdtretground.

The elimination of a path to the ground reducesgyavonsumption. The charge stored at the load dapae is
reapplied to the control gates. The combinatiomatf having a direct path to ground and the re-iagfibn of the load

charge to the control gate makes the energy-recayéull adder an energy efficient design.

Figure 5: SERF Full Adder Circuit

Impact Factor (JCC): 3.6986 NAAS Rating.06
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Adder 9b

The Static Energy Recovery XNOR gate is cascadéd the new G-XNOR gate to generate the Sum whie th
Cout function is implemented by simply multiplexifyand Cin controlled by (A XNOR B) as done in theevious

circuits

ﬁf b o
g s
=

N B

fil;

Figure 6: Adder 9b Circuit
GDI Based XOR and XNOR 10T Full Adders

The main difference between the CMOS and GDI bdssthn is that the source of the PMOS in a GDlisetlbt
connected to VDD and the source of the NMOS iscooinected to GND. This feature gives the GDI cetl £xtra input
pins for use which makes the GDI design more flexiban CMOS design.

GDI cell consists of three inputs - G (common gamut of NMOS and PMOS), P (input to the sourcard
PMOS) and N (input to the source/drain of NMOS)KBubf both nMOS and PMOS are connected to N and P
respectively. Table 1 shows different logic funnsamplemented by GDI logic [15] based on differiptut values. So by
using GDI technique we can implement various lofiinctions with less power and high speed as condpéoe

conventional CMOS design
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In Figure 7 and Figure 8. A, B and Cin are takennasit and output of the circuit is drawn from tBam and
Cout. Mp1, Mp2, Mp3, Mp4, and Mp5 are the PMOS s¢iators whereas Mnl1, Mn2, Mn3, Mn4, and Mn5 areNMOS
transistors.

The implementation of XOR and XNOR gate are usify @chnique. It is the main building block of fatider

circuit. So if optimize the XOR and XNOR gate thieoan improve the overall performance of the Iflitadder circuit.

G. Proposed SRLGDI based XNOR Full Adder

Addition is an indispensable operation for any teglked digital system and control system. The grinssues in
the design of adder cell are area, delay and powesumption. A, B and Cin are taken as input artguiwf the circuit

sum and carry .The sum logic is evaluated by XN@E @nd carry logic is realized using MUX.

Figure 9: SRLGDI Based XNOR Full Adder Circuit

The self resetting logic circuit operation is definin two phases as precharged and evaluation, a1€fMOS
precharged and reset transistor. During the prgelaphase CLK=0 the GDI block is open, the traosistp8 is ON. The
direct impedance path exists between node and \H2iBeby charging the capacitance to VDD. For thduati@n phase
CLK= 1 the GDI logic is closed, the transistor MBOFF and the output capacitance is charged. Vditage is fed
through the delay path and produces Mpll is acifter the specified delay path. The Mp11 transistcharges the node
capacitor back up to a voltage of node is VDD.

Impact Factor (JCC): 3.6986 NAAS Rating.06
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Comparative Charts
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Figure 10: Power of the Different Types of Full Ader Circuits
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Figure 11: Delay of the Different Types of Full Ader Circuits
SIMULATION RESULT

The most conventional 28 transistors full adderT,204T, 10T and the other conventional full addelsc

(Static Energy Adder (SERF), Adder9B, GDI based Bdder) are all simulated using S-Edit, T-Spicel &d-Edit in
250nm CMOS technology.

Tanner T-Spice 15.14 D:\DOCUME~1\STUDEN~1.TIE\LOCALS~1\Temp\CelI8.sp 9:44:34 AM 11/17/2014

100.0n 200.0n 300.0n 400.0n 0 £00.0n 700.0n 800.0n 900.0n

Figure 12: Simulation Waveform
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Table 2: Power Consumption

Different Types of Full Adders Power Consumption (mW)
Conventional 28T CMOS Full Adder Circuit 54
Transmission Gate Full Adder 43
Pass Transistor Full Adder 32
Static Energy Recovery Full Adder Circuit 25
Adder 9B 27
GDI Based 10T XOR Full Adder 46
GDI Based 10T XNOR Full Adder 24
Proposed SRLGDI Based XNOR Full Adder 18

Table 3: Delay
. Delay (ns)

Different Types of Full Adders Sum Carry
Conventional 28T CMOS Full Adder Circuit 399.573 12913
Transmission Gate Full Adder 200.31 200.01
Pass Transistor Full Adder 199.00 199.00
Static Energy Recovery Full Adder Circuit 290.895 7428
Adder 9B 199.73 220.52
GDI Based 10T XOR Full Adder 199.79 199.995
GDI Based 10T XNOR Full Adder 198.77 199.56
Proposed SRLGDI Based XNOR Full Adder 103.681 92.34

CONCLUTIONS AND FUTURE SCOPE

From the analysis of the above various type of Rdltler Circuits. It can be concluded that the agerpower
and delay are low in SRLGDI type Full adder.

In future, these presented results will encourhgerésearchers for further research activities bh t€chniques.
To reduce power of a SRLGDI based adder cell some mircuit level power management techniques shbalused so
that it can be useful for low power applicatiomaplementation of different kinds of mixed and dijitircuits have to be

carried out in order to determine the fields o€uitry, where SRLGDI is very much superior overastiesign styles.
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