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Abstract— Full adder is the basic block of arithmetic circuit found
in microcontroller and microprocessor inside arithmetic and logic
unit (ALU). Improvement of the adder is thus essential for upgrade
the performance of those circuits where adder is employed. Full
adders, till now, have been designed using wide range of structures
for improvement of various parameters like power consumption,
speed performance and structure size. This paper described a
comparative analysis of 28T and 14T full adder with the aim of
increasing power efficiency and reducing structure size at 180nm
technology. In this paper, the simulation results have been obtained
for power by varying different parameters of the designed circuit
using 180nm technology with Empyrean Aether.
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I INTRODUCTION

Full adders have been utilized as a base circuit in various
arithmetic circuits to carry out arithmetic operations like
addition, subtraction, multiplication, address calculation and
MAC unit etc. [2]. Apart from arithmetic operations, adders are
utilized to generate memory locations in different architectures
of microprocessors and cache memories. Thus improvement in
the full adder would prove more beneficial for all the circuits
where its application has a significant effect in the performance
of the circuit where it has been employed. The most important
parameters to be kept in consideration are compactness and
power which affects the performance and usefulness of any
VLSI circuit. The paper here aims at analysis and improvement
of power efficiency and structure size reduction of the 28T full
adder at 180nm technology. As compared to conventional
structure, 14T structure saves up to 78% of the number of
transistors involved in the conventional full adder and so the
area overhead [16] [19] is reduced. We have started with the
most conventional 28 transistor full adder and then studied full
adders consisting of as less as 14 transistors (14T).
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The power consumption for CMOS circuits [13] [20] is
described by the following equation:

Pavg = denamic + Pshort—circuit + PLeak
P = fCVdd® + flsnoriVaa + leakVaa 1)

We clearly see that the power depends on different parameters
as well as on supply voltage (Vg4¢). Lowering Vy4g would
significantly reduce the power consumption of the circuit. This
basic concept would be utilized to improve the power
performance of the adder in this paper.

1. FULL ADDER

Full adder is a combinational circuit that performs the addition
operation of 3 input bits. It basically consists three inputs and
two outputs. The input variables are expressed by A, B and Cin.
The two output variables are expressed by sum (S) and carry
(Cout) [4]. Fig. 1 shows the essential block diagram of full adder
cell. The Boolean expression for full adder operation is defined
below:

SUM = ((A@B)®Cin) 2
Cout =AB + (A@B)Cin ?3)
A —
B ~ )
Cin
o Cout

Fig.1. Logic Diagram of basic Full Adder circuit
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Fig.2. Schematic of 28T Full Adder
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The 1-bit conventional CMOS full adder cell is shown in Fig2.
The 1-bit full adder cell has 28 transistors. The CMOS design
style is not area efficient for complex gates with large fan-ins.
Thus, care must be taken when a static logic style is selected to
realize a logic function. The pseudo NMOS technique is straight
forward. The pass transistor logic style is known to be a popular
method for implementing some specific circuits such as
multiplexers and XOR -based circuits, like adders. A classical
design of standard static CMOS full adder is based on regular
CMOS structure with conventional pull-up and pull-down
transistor providing full -swing output and good driving
capabilities.

IV. 14T FULL ADDER CIRCUIT

To reduce the number of transistors in the traditional full adder,
XOR and XNOR circuits based on the pass transistor logic were
used which results in the design of 14T full adder [5] as shown
in fig.3. The development of the 14T full adder led to better
results for delay as well as power consumption as compared to
the previous works in the full adder. 14T full adder worked well
with high performance multipliers with less power dissipation.
However the adder did not showed improvement in threshold
power loss. More over the 14T adder would consume significant
power as compared to the presented 28T full adder. The 14T
adder with 14 transistors consumes considerably less power in
the order of microwatts and has higher speed. The 14T adder
reduces threshold loss problem compared to the 28 transistor
adders. In this section single bit full adder circuit is designed by
using MOSFET for improve the performance of adder in terms
of power and leakage using 14 transistors. This cell is
constructed by using the 4T XOR gate. It is the essential element
of full adder cell and it generates the basic addition operation of
adder cell. It behaves like a single half adder cell. In the 14T full
adder cell we used two 4T XOR gate. Conventionally XOR gate
use 8 MOSFETs for proper working, but present we have
different topologies. Here we have used 4T XOR gate to
increase circuit density [11] [12]. Using this XOR gate,
reduction in size of full adder is achieved and overall leakage is
also reduced. Output waveform of 14T full adder is shown in
fig.4.

The 14T full adder contains a 4T PTL XOR gate, shown in
Figure, an inverter and two transmission gates based multiplexer
designs for sum and Cout signals[9]. This circuit has 4
transistors XOR which in the next stage is inverted to produce
XNOR. These XOR and XNOR are used simultaneously to
generate Sum and Cout. It is a faster adder. The circuit is
simpler than the conventional adder. The power dissipation in
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this circuit is more than the 28T adder. However with same
power consumption it performs faster [7].

P P N

B G

| ;

L

4| N
________4 N

Fig.3: Schematic of 14T Full Adder

V. 4T XOR Gate

The basic element used in the full adder design is the XOR gate
which generates basic addition operation in the adder circuits. A
single XOR generates simple two bit addition i.e. it behalves
like a single half adder. The XOR gate conventionally uses 8
MOSFETs for proper working, however, at present we have
different XOR gate topologies [3] [4].

However in this paper, we have used 4T XOR gate to get proper
response and to attain increased circuit density. Figure 4 show
the schematic and of 4T XOR gate. Application of this XOR
gate would now provide significant reduction in size of full
adder thus increasing the circuit density and reducing the overall
leakage.

TABLE II: TRUTH TABLE OF XOR GATE.
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Fig. 4: 4T XOR Gate Schematic.

VI. PERFORMANCE ANALYSIS AND SIMULATION
RESULT
The power waveform of 28T full adder signifies the power
consumed by the circuit over the period of simulation, obtained
by the Empyrean Aether tools. The average power [13] [14] over
this simulation has been indicated on the waveform which needs
to be improved.
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Fig. 5 (a) 28T Full Adder Output waveform
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Fig. 5 (b): 28T Full Adder
Power waveform.
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Fig. 6: Leakage current waveform of 28T full adder.

The leakage current contributes the amount of leakage power in
the CMOS circuit. More is the leakage current more will be the
leakage power which must be lowered in order to make the
circuit more power efficient. The amount of leakage current here
is result of integration of leakages due to individual transistors.
Hence it may be concluded that if number of transistors is
reduced the leakage would be less. Further, as described in
equation 1, it may be noted that on reducing the supply voltage,
which results in reduction of leakage current as well, would
reduce the power consumption to a significant level.

The full adder shown here has been analyzed for different
parameters later in this paper. The 28T full adder presented in
this paper, shows optimized results in power and delay. The
design also uncovers performance improvement as compared to
the SERF 28T adder [7]. The width by length ratio (W/L) for all
nMOS transistors is 1/1 and for pMOS transistors is 2.5/1.
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Fig. 7 (a) . 14T Full Adder Output waveform
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Fig. 7 (b) 14T Full Adder Power waveform.

The output waveform of 14T adder clearly verifies the operation
of the full adder. Result of transient simulation shows that the
power consumed by the circuit is limited to 38.4 nW at a supply
voltage of 1 V which is much less as compared to the 28T adder
at 180 nm technology.
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Fig.8. Leakage current waveform of 14T full adder
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VIl. COMPARATIVE RESULTS OF 14T AND 28T FULL
ADDER

The 14T and 28T Full adders have been simulated using the
Empyrean Aether tool simulator. The resulting waveform of
power clearly indicates that the 14T full adder show improved
performance over the 28T full adder in terms of power
consumption. The comparison of different parameters of the two
adders at 180 nm technology has been tabulated in table I11.

TABLE Il
"i‘;' Parameter 28T Adder 14T Adder 14T Adder
1 Technology 180 nm 180 nm 180 nm
2 Supply 1v 1v 0.7
3 Power 78.21 pW 38.4 pW 21.04 pW
4 Reductlon_m 69% 78% 78%
structure size

Table I11: Comparative analysis table of 14T and 28T Full Adder.
The summarized results signify that 14T full adder shows better
performance as compared to 28T full adder. Reducing the
number of transistors resulted in significant amount of reduction
in leakage. Further, reduction in supply voltage made the power
consumption much lower.
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Fig. 9 (a) Power Versus Vdd curve for 28T Full Adder
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Fig. 9(b). Power Versus Vdd curve for 14T Full Adder.

Comparison of both adder topologies in terms of power
consumption can be seen on power versus Vdd curve. The curve
signifies that as the Vdd (supply) increases power increases as a
function of Vdd. In 28T adder power varies as exponential
function of Vdd in the range of micro-watt. However in 14T
curve advances much as linear function of Vdd in the range of
nano-watt. This makes clear that the power consumption of 14T
is much improved even at increased supply voltages.

VIIl. CONCLUSION

The analysis in this paper has been carried out while analyzing
both 14T and 28T full adders individually and comparing them
on the basis of calculation of power by varying different
parameters. The results show that 14T full adder has proved to
be a better option as compared to 28T full adder, mostly in terms
of power consumption. From the power —\dd curve we observe
that at 1.6 V, 28T adder consumes about 3 UW, while 14T
consumes only 1.5 nW. Thus 14T consumes 10° times less
power than the power consumed by 28T full adder.
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