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ABSTRACT

Since in designing the full adder circuits, full adders have been generally taken into account, so as in this paper it has
been attempted to represent a full adder cell with a significant efficiency of power, speed and leakage current levels. For
this objective, a comparison between five full adder circuits has been provided. Applying floating gate technology and
refresh circuits in the full adder cell lead to the reduction of leakage current on the gate node. The simulations were ac-
complished in this paper, through HSPICE software and 65 nm CMOS technology. The simulation results indicate the
considerable efficiency of power consumption, speed and leakage current in the full adder cell rather than other cells.
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1. Introduction

Due to the point that the addition of binary numbers is
the fundamental and most often used operation, and also
the full adder circuit is very important in any design, so
that within the high efficiency of full adder circuit, the
efficiency of system increases as well. Today, Advance-
ment of Technology has led to emergence of more wire-
less and portable devices. For this, Low Power Circuits
are needed more. To reduce the power dissipation in a
CMOS circuit, the characteristics of power and the ef-
fects of circuit have to be specified.

The most important factor in the design technology of
low power and the approximation of power is dynamic
power dissipation. As said, transistor size optimization is
one method to reduce the power dissipation of Circuits in
which the reduction of the transistor size leads to the
reduction of power, by which finally the leakage current
would be increased [1]. Also, we describe a new method
for glitch power reduction based on threshold voltage
adjustment, by which based on the following equation
within the threshold voltage reduction, the leakage cur-
rent will continue to increase exponentially with each
generation, we could refer to (2) to verify this matter[2].

I ZW/VVO Ioevgs —Vip /nvt (2)

where V,, Vg and Vy, are respectively the thermal voltage,
gate-source voltage and threshold voltage. Therefore,
today beside power reduction, the reduction of leakage
current has concerned the electronic circuits’ designers.

leakage
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In present paper, it has been attempted to introduce the
full adder circuit with high efficiency within the low
power dissipation, high speed and low leakage current.

2. Floating Gate and Quasi Floating Gate
MOS Transistors (FGMOS Transistors)

To reduce the dissipation power, the source voltage
closed to the threshold voltage in NMOS and PMOS
transistors has to be decreased. Through this, we could
apply several inputs in a transistor gate, while in CMOS
method only one input for each transistor is needed. The
other reason to use FGMOS transistors is that in sub-
threshold region, CMOS transistors are not involved high
speed, so that, FGMOS transistors would be a better
choice[3].

As shown in Figure 1, FGMOS transistor is a multiple
input MOS transistor with isolated gate. Through a ca-
pacitor, inputs are connected to transistor gate .These
capacitors are called floating gate capacitors [4]. DC
voltage on the floating gate is relevant with the capacitor
ratio from the floating gate. FGMOS transistor could be
considered as MOS transistor with a varied threshold
voltage [5]. Due to the change in floating gate capacitor’s
capacitances, the change in threshold voltage occurs .For
this, FGMOS transistors in comparison with CMOS tran-
sistors would be a better choice. NMOS and PMOS tran-
sistors with floating gate have been shown in Figure 1.

It has to be taken into account that the refresh circuits
involve high resistance by which the charges in the
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floating gate decrease [6]. The combination of the refresh
circuit with floating gate transistor is called Quasi float-
ing gate circuit (QFGMOQOS). In most FGMOS designs
with high leakage on the floating gate, the method
“Quasi floating gate” is recommended to be used. In
present paper, the full adder circuit has been designed
with “Quasi floating gate” method.

In the method “Ramirez-Angulo” and “Yin”, we use
the resistor on the gate which this leads to the increase of
dissipation power [7,8]. In most papers, instead of resis-
tor, we use transistor. It could be said that the resistors
could be replaced with the transistors “M3 and M4” in
the Figures 2, 3 and 4 [9- 11]. The extra circuits on the
gate are called the refresh circuits. Adding the refresh
circuits on the gate node of floating gate transistor put
the most effect on power, delay and occupied space, but
the rapid advancement of technology and the reduction
of gate oxide thickness bring about the problems in the
gate leakage by which using the circuits would be un-
avoidable.

In Figure 5, the proposed refresh circuit on the float-
ing gate has been indicated. Due to the point that refresh
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Figure 2. A Sample of Inverter Circuit Using the Quasi-
Floating-Gate Transistor [9].
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Figure 3. The other Sample of Inverter Circuit Using the
Quasi-Floating-Gate Transistor [10]
circuit involves more output resistor than three other re-
fresh circuits, so that more leakage current would be re-
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duced. In this case, more transistors in the circuit rather
than three other circuits would be observed. Hence, more
space would be occupied by which the reduction of
power and delay realizes as well.

In Table 1, the values of power, delay and PDP for
circuits in Figures 2-5 have been shown. To compare
better, a same circuit using the floating gate transistor
within the parallel resistors combining with gate capaci-
tor (Yin method) has been shown in Table 1.
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Figure 4. The other Sample of Inverter Circuit Using the
Quasi-Floating-Gate Transistor [11].
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Figure 5. Inverter Circuit Using Proposed Quasi Floating
Gate Transistor.

Table 1. The Values of Power, Delay and PDP in the Pre-
sented Circuits.

Mode Power(W) Delay (S) PDP(J)
First Mode 4.0796x10° 1.3479x10°%° 5.4988x10%®
Second Mode  5.4083x10™%° 2.1268x10%° 1.1502x10%°
Third Mode 4.0505x10 3.8498x10%° 1.5593%x10""
Fourth Mode 2.1523x10° 4.3107x10” 9.2779x10%¢
Fifth Mode 3.4323x10™%° 1.0626x10™° 3.6471x10%

The simulations have been accomplished in the 65-
Nanometer technology via the HSPICE software. The
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supply voltage and the environment temperature have
been considered 0.3 V and 25°C, respectively. As ob-
serves, the floating gate transistor within the parallel re-
sistors combining with gate capacitor involves the
maximum power dissipation comparing to other circuits.
Also we have to mention that due to several reasons such
as not using the refresh circuits, advancement of tech-
nology, reducing the gate oxide thickness and increase of
gate leakage current, designing the floating gate circuit
would not be possible, by which to reduce the gate leak-
age current, several refresh circuits are needed on the
floating gate node. Due to the point that only the PMOS
transistor has been used in the circuit shown in Figure 4,
thus in this case more delay would be observed compar-
ing to other circuits. In the circuits of Quasi floating gate
inverter, the present circuit in this paper reduces the
value of PDP comparing to other circuits. In this table,
First Mode stands for “Inverter with floating gate in-
volving parallel resistors combing with each gate ca-
pacitor”. Second Mode means “The Inverter with Quasi
floating gate (Figure 2)”. Third Mode is “The Inverter
with Quasi floating gate (Figure 3)”. Fourth Mode
represents “The Inverter with Quasi floating gate (Figure
4)”. And Fifth Mode is “The Inverter with Quasi floating
gate (Figure 5)”

The changes of leakage current in the circuits’ gate in
terms of gate voltage have been shown in Figure 6. The
changes of gate voltage have been considered between 0
and 0.3 volt. To get better comparison, the change for the
CMOS inverter has been displayed in Figure 6. With
regard to this figure, the least leakage current in proposed
circuit would be within the increase of gate voltage, by
which the circuit with floating gate involving parallel
resistors combining with each gate capacitor would have
the most leakage current in the floating gate. For the
standard CMOS inverter, the leakage current with the
increase of gate voltage would be fixed at 10°(A). For
the circuit in Figure 4, more decrease in leakage current
of the circuit is observed comparing to two other circuits
in Figure 2 and 3.
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Figure 6. The Diagram of Gate Leakage Current in Terms
of Gate Voltage for the Circuits.

According to the obtained results about the simulations
in the proposed refresh circuits, the proposed circuit in
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this paper involves the most efficiency of power, speed
and leakage current. In Figure 7, the layout of this circuit
has been depicted via Micro-Wind software. Based on
the measurements reported about this circuit, the value of
power and delay has been obtained 3.823x10™ (Watt)
and 1.3417x10™ (sec) in which these values are similar
to the obtained results about the simulation. The value of
PDP is equal to 5.1820x10-20 (J).

3. Designing the Full Adder Circuit Using
the MAJORITYNOT Gate

The parameters of full adder cell have been represented
in Table 2. As observes; the carry output is the output of
MAJORITYNOT inverter. So that with a MAJORITYNOT
circuit and an inverter, we could implement this output.

As a matter of fact, in logic mode, MAJORITYNOT
function would be as shown in Figure 8.

| GND Vs

Figure 7. Layout of the inverter circuit using the proposed
quasi floating gate transistor.

Table 2. The Table with All the Necessary Full Adder and
Signals for Designing.

Mode Ig?rl:t Input B Input A Ocl;trﬁl;/t O:J&Ut MA‘,{,%F;ITY
1 0 0 0 0 0 1
2 0 0 1 0 1 1
3 0 1 0 0 1 1
4 0 1 1 1 0 0
5 1 0 0 0 1 1
6 1 0 1 1 0 0
7 1 1 0 1 0 0
8 1 1 1 1 1 0

A o
B ﬂ Majority_not
C

Figure 8. The Logic Mode of MAJORITYNOT Function.
Logic circuit of full adder cell using MAJORITYNOT
has been represented in Figure 9.
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The structure of MAJORITYNOTNOT gate with
floating gate transistors has been represented in Figure
10 [8].

Now, if instead of logic mode of MAJORITYNOTNOT
gate within three inputs, we use circuit mode, thereafter
we would have Figure 11. But as mentioned previously,
designing the ideal floating gate is not possible by which
the refresh circuits are recommended to be used on floating
gate. The values for delay, power and power-delay product
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Figure 9. Logic Circuit of a Full Adder Cell Using
MAJORITYNOTNOT Gate.
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Figure 10. The Structure of MAJORITYNOT Gate with
Floating Gate Transistors.
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Figure 11. The Full Adder Cell Using MAJORITYNOTNOT
Gate.

(PDP) have been measured for full adder circuit and rep-
resented in Table 3. The frequency of circuits was

Copyright © 2013 SciRes.

1MHz .In first mode for each floating gate capacitor, 1
Mega ohm resistance is connected in parallel with the
capacitor.

In second mode for floating gate transistors, we use
Quasi floating gate transistors presented in Figure 2, and
in third, fourth and fifth modes, we use Quasi floating
gate transistors presented in Figures 3-5.

Due to the problems observed in designing the circuits,
the refresh circuits are better to be used on floating gate.
However, using these circuits needs more space, whereas
the reduction of leakage current would be observed as
well at which the advancement of technology and the
reduction of gate oxide thickness bring about the prob-
lems in the gate leakage. As observed all the refresh cir-
cuits, the circuit represented in this paper involves the
optimized efficiency of power, speed and gate leakage
current. Figure 12 shows this full adder circuit. In

Table 3. The Values of Power, Delay and PDP for Various
Modes of Full Adder Circuit in Figure 12.

Mode Power (W) Delay (S) PDP
1 1.8076 x 10”7 4.6489 x 10°® 8.4033 x 10™°
2 3.5831 x 10°® 4.2303 x 10°° 1.5157 x 106
3 1.4738 x 10”7 5.0014 x 10°° 7.3710 x 106
4 8.7101 x 10°® 1.9851 x 108 1.7290 x 10
5 2.6908 x 10°® 3.0128 x 10°° 8.1068 x 107
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Figure 12. The full adder circuit.
Figure 13, the inputs and outputs of full adder circuit has
been shown in HSPICE simulator. The layout of full ad-
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der circuit in Figure 12 has been shown in Figure 14
which it has been shown with Micro Wind software. The
obtained results about measurement of power and delay
in this circuit have been reported in Table 4 which it has
been concluded that the obtained results were in consis-
tent with the results of simulation. Due to the effect of
parasitic capacitors in Post layout mode, the difference
between the obtained results in this circuit and the ones
in simulation are reported.
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Figure 13. The inputs and outputs of full adder circuit.

Figure 14. The layout of full adder circuit.

Table 4. The obtained values of power and delay measure-
ment in full adder circuit.

Delay (s)
3.4133 x 10°

PDP(j)
1.0522 x 106

Power (w)
3.0829 x 10°®
4. Full Adder Cells
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There are various structures of full adder cell in various
kinds of logics like CMOS, transition gate and pass-
transistor logic circuits which are presented in papers and
books [12,13]. In this relation, only the circuits with high
efficiency were used for comparison and observation.

4.1. The conventional Full Adder with 28
Transistors in CMOS Technology (CCMOS)

The advantage for CMOS logic is the sustainability against
sizing the transistor and changing the voltage in which
noise increases and this leads to the reliable performance
of circuit with low voltages and optimized size of tran-
sistor [13,14]. (Figure 15)

4.2. Pass-Transistor Full Adder (CPL)

The other conventional full adder with 32 transistors has
been shown in Figure 16. This full adder produces many
internal nodes within inverter in order to obtain the out-
put. The main difference between pass-transistor logic
and CMOS transistor is in a point that source of transis-
tors in pass-transistor logic, instead of being connected to
voltage supply is connected to the inputs [15].
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Figure 15. Conventional full adder.

Figure 16. Pass-Transistor full adder (CPL).
4.3. The Low Power Full Adder Circuit with 14
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Transistors

The low power full adder with 14 Transistors has been
indicated in Figure 17, based on low power XOR circuit
and transition gate, this circuit has been designed [16].

Static power dissipation is the main problem in this
circuit [17].

4.4, Full Adder Circuit with 16 Transistors

The other circuit with 16 Transistors has been implemented
which it has been shown in Figure 18. [17].

5. Simulation Results

The simulations for full adder circuits have been accom-
plished in the 65-Nanometer technology via the HSPICE

software. Four circuits for simulations have been selected.

The main specialty in these circuits was the high effi-
ciency in low voltage supply. Simulations were accom-
plished in a same condition for all the circuits. The size
of transistors was considered as low as possible. The
frequency and the environment temperature were con-
sidered 1MHz and 25°C. Delay from the moment which
input voltage gets to 50% of final value was computed.
This value has been measured for all of the decline and
as- cent passes by which the maximum values were con-
sid- ered as the delay of circuit.
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Figure 17. Full adder circuit with 14 transistors.
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Figure 18. Full adder circuit with 16 transistors.
In comparison with other circuits, this circuit com-
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pared to CCMQOS, CPL and 14T involves less power dis-
sipation as 93%, 30% and 93%, respectively. The values
of supply voltage (1 volt ) has increased up to 3% for
TFA, and has decreased up to 83%, 95% and 94% for
CCMOS, CPL and 14T. Simulation results have been
represented in Tables 5-7, respectively. As observes, the
ratio of efficiency advancement in circuits is more obvi-
ous in low supply voltages by which within increase of
supply voltage, power dissipation and the multiplication
of power by delay increase in these circuits.

6. Conclusions

In comparison with other full adder cells involving high
efficiency, the circuit represented in present paper in-
volves the most optimized efficiency. As a matter of fact,
within the increase of voltage supply, the speed in the
circuits increases so that, dissipation power increases as
well which this leads to the decrease of efficiency in this

Table 5. The Comparison of Average Power Dissipation,
Delay and PDP with Voltage Source = 0.6 V.

The type of full

Average of power

Maximum

adder circuit dissipation delay (s) POP ()
CCMOS 45092 x 107 6.1461 x 10° 27713 x 10™°
CPL 9.9035 x 107 8.1457 x 10° 8.0670 x 10™°
TFA 8.2301 x 10° 2.3346 x 10° 19213 x 10
14T 9.8967 x 107 5.4395 x 10° 5.3833 x 10™°
QFGMOS 6.2017 x 10°® 1.3408 x 10° 8.3152 x 1077

Table 6. The Comparison of Average Power Dissipation,
Delay and PDP with Voltage Source = 0.8 V.

The type_of fgll Aver_agg of power Maximum PDP (j)
adder circuit dissipation delay (s)
CCMOS 5.0610 x 107 5.9201 x 10° 2.9961 x 107
CPL 1.5506 x 10°® 7.6898 x 10° 1.1923 x 10™
TFA 8.7090 x 10°® 21041 x 10° 1.8324 x 10
14T 1.3505 x 10°® 5.1562 x 10° 6.8087 x 10
QFGMOS 7.5169 x 10°® 1.3256 x 10° 9.9644 x 10"

Table 7. The Comparison of Average Power Dissipation,
Delay and PDP with Voltage Source=1V.

The type of full Average of power

Maximum

adder circuit dissipation delay (s) PDP ()
CCMOS 5.2805 x 107 40010 x 10° 2.1127 x 10™®
CPL 1.8945 x 10° 7.4870 x 107 1.4184 x 10™
TFA 8.8050 x 10°® 1.4723 x 10° 1.2963 x 107®
14T 1.6743 x 10° 47254 x10° 7.9117 x 10™°
QFGMOS 8.9504 x 10°® 1.3158 x 10° 1.1776 x 10¢
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circuit. As a consequence, Quasi floating gate circuits are
a better choice for being used in supply voltages in which
the circuit involves threshold voltage, also these circuits
on the basis of power dissipation are recommended to be
used in this situation. Modern methods are recommenced
to design Quasi floating gate circuits by which we could
take advantages of floating gate technology while the
disadvantages would be decreased.
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