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ABSTRACT
In this paper, a 1-bit hybrid Full Adder is designed using both CMOS and transmission gates. The VLSI

circuit which was designed should be compact in size and fast in working. The design was implemented by first
reducing the number of transistors in the Ex-Nor gate which results in area optimization. The full adder circuit is
then attached to the sleepy keeper approach method which results in power consumption. Parameters like power
delay product (PDP), average power and delay are compared with the conventional Full Adder. The circuit was
implemented in Tanner tools using both 45nm and 60nm technologies for a 1-v supply.
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1. INTRODUCTION

In the present world, area and power consumption plays a major role in portable devices like mobiles, laptops
and computers. Keeping this in mind the demand for Very large scale integration has increased rapidly with a reduced
delay and power consumption characteristics. In complex devices, the primary concern is the number of transistors
in the circuit as it has direct effect on the area and speed. A large number of logical and arithmetic operations are
being performed by digital circuits. Most widely used arithmetic operation is addition. An adder is a digital
mathematic device that performs the Addition operation. The Adders are of two types, half adder and Full Adder.
The Adder Circuit can be implemented with different technologies like CMOS, pass transistor and transmission
gates. There are different types of logic styles in implementing the Full Adder. One among them is Complimentary
MOS technology (CMOS) which is a standard technology that uses 36 transistors in which they are easy in Transistor
Sizing and effective. Other methods such as Transmission Technology, MTCMQOS Technology is used in reducing
the transistor number which decreases the area of the circuit and optimizes the power in the circuit which enhances
the execution time of the circuit. Full Adder circuits can also be implemented on pass transistors using less transistors
but it consumes more power than the proposed circuit. Hence, analysis is done to obtain optimum performance. The
number of transistors are generally reduced using hybrid design where different methods are used in implementation
of the circuit. The Sleepy keeper approach reduces the power consumption by the sleep transistors and keeper
transistors.
Conventional Full Adder: Adder is a digital logic circuit which performs addition of binary digits. They play a vital
role in present day state of the art technologies. In the design of a processor, it requires an adder for the calculation
of required address. Many numerical representations require adders as their basic blocks. Based on number of binary
digits being added, we have 2 adders namely, Half Adder and Full Adder. Full Adder is has 3 input and 2 output
pins.It has the same inputs as the half adder (i.e A and B) but the third input represents the carry of the previous order
bits C_IN. Sum (S) and carry (C_OUT) are the two outputs. The truth table of Full Adder is shown in Table.l.

The truth table in Table.1, will give the relation between the input and output.
SUM=A XOR B XOR C

C_OUT=AB+BC+CA (1)
Table.1. Logical output for Full Adder
Inputs Outputs
A B C_IN SUM C_ouT

OFF(0) | OFF(0) | OFF(0) | OFF(0) | OFF(0)
OFF(0) | OFF(0) | ON(1) | ON(1) | OFF(0)
OFF(0) | ON(1) | OFF(0) | ON(1) | OFF(0)
OFF(0) | ON(1) | ON(1) | OFF(0) | ON(1)
ON(1) | OFF(0) | OFF(0) | ON(1) | OFF(0)
ON(1) | OFF(0) | ON(1) | OFF(0) | ON(1)
ON(1) | ON(1) | OFF(0) | OFF(0) | ON(1)
ON(1) |ON(1) |ON(1) | ON(1) | ON(D)
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Figure.1l. Conventional full adder
Design Approach: The design approach consists of mainly the modified XNOR block, sum block, carry generation
block and the sleepy keeper approach which was one of the most efficient power consumption method and also
reduces leakage power in the circuit.
Hybrid Design: While designing the Full Adder the Logical design circuit which uses two or more logical designs
in the implementation of the circuit is known to be Hybrid design. CMOS, CPL (complementary pass transistor
logic) and TGA (transmission gate logic) are the most common logic designs used. In the proposed design we used
CMOS Transistors and transmission gates which will improve the overall performance of the full adder.
Modified XNOR Module: The XNOR Block in the full adder circuit uses most of the area and utilizes more power
in the circuit. XNOR has reduced in number of transistors bye transmission gates and pass transistors. So it was
reduced to 3 transistors from 10 transistors using the transistor logic. The PMOS_1, NMOS_1, NMOS_2 contribute
to the XNOR circuit in the Fig.2. The modified XNOR module here reduces the threshold power utilized in the
circuit and it also offers high speed. The modified XNOR module works on multi-threshold CMOS technique where
the voltage transistors with low threshold will be isolated using the transistors with high threshold voltage when the
circuit in hibernate mode or sleep mode.
Sum Generation Module: The sum module implanted with the 2 XNOR blocks consisting of the transistors
PMOS 1, NMOS_ 1 and NMOS_2 in the first XNOR module followed by the PMOS_5, PMOS_6, NMOS_6 and
NMOS_7 in the second XNOR module. The first XNOR output is connected to the next XNOR block to generate
the SUM output for the Full adder.
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Figure.2(a). Full Adder Modules Figure.2(b). Carry Module Figure.2(c). XNOR in sum

Carry Generation Module: The carry in the full adder circuit is implemented using the hybrid design in which both
the transmission technology and the CMOS technology are used. The transistors used are PMOS_3, PMOS 4,
NMOS_4 and NMOS_5. The input C is applied to the NMOS_4 and PMOS_3 and input B is applied to the NMOS_5
and PMOS_4 in the circuit where it significantly reduced the propagation delay in the carry circuit and optimises the
overall delay in the full adder circuit.
Sleepy Keeper Approach: The fundamental issue with customary CMQOS is that the transistors are utilized just in
their most productive, and actually modifying, way to be specific, PMOS transistors interface with power supply
VDD and NMOS transistors associate with GND. Here two parallel transistors are added to the sleep transistors
which was kept at the VDD and GND. It is notable that PMOS transistors are not productive at passing GND and
NMOS transistors are definitely not productive at passing VDD. In any case, to keep the state of "1" in rest mode,
given that the "1" esteem was already computed, the sleepy keeper approach utilizes this yield esteem of "1" and a
NMOS transistor associated with VDD. As appeared in Fig.3, the Pull up sleep transistor was kept parallel to single
NMOS transistor associates pull up to the VDD. At the point where the sleep transistor is 0, the NMOS transistor
acts as source like VDD. In the case to maintain an estimation of "0" in rest mode, given that the "0" esteem was
already calculated, the output value of "0" was utilized by the sleepy keeper and GND associated to the PMOS
transistor to pull up output value to "0" when in rest mode.

As shown in Figure.3, the pull down sleep transistor is associated with the PMOS transistor which the pull-
down sleep transistor is the main source of GND to the pull-down system which is the double instance of the yield
"1" case clarified previously. Delay and area is also decreased by using the sleepy keeper approach. For this way to
deal with work, all that is required is for the NMOS associated with VDD and the PMOS associated with GND to
have the capacity to keep up proper logic state. This appears to be likely to be conceivable as researchers have
portrayed approaches to use far lower VDD values to keep up logic state.
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Figure.3. Sleepy keeper Approach Module
Operation of proposed Full Adder: In order to achieve the optimised and high performance our design is divided
into 3 modules. While designing the hybrid Full Adder mainly we consider the optimization and power reduction of
the circuit. The conventional sum block contains 20 transistors and this block is responsible for the high delay. On
analysing the truth tables of A XOR B XOR C (which require 10 transistors) and A XNOR B XNOR C (which
require 7 transistors) are same hence we use 7 Transistors for our sum block. Reduced XNOR gate is used to achieve
the optimized sum block which can be used to reduce the delay.

+
Figure.4. Proposed Full Adder using sleepy Keeper Approach

The inverter connected to the XNOR block output is again connected to Carry Block for the C_out. The
carry block contains two Transmission gate allows the circuit for faster switching. On observing the COUT from
truth table we get the following results:

If A=B then COUT=B else COUT=CIN

If XNOR is used to check whether A and B are equal B and CIN are given as the inputs of the transmission
gates If they are equal then COUT is equal to B which designed using PM3 and NM4 transistors. If A and B are not
equal then COUT is equal to CIN which is implemented using PM4 and NM5 transistors. To control the power
dissipation of Full Adder in off state. We add sleepy keeper module to our hybrid Full Adder. Hence by using the 3
modules we get optimised and power efficient Full Adder.

Average power consumption: When we consider the reduced power dissipation of TG, CMOS and CPL full adders,
TG full adder is better when compare with others designs. Power consumption of proposed full is classified into two
types static and dynamic power consumption. The average power consumption of proposed circuit in 45nm
technology 7.41E-07W. Most of the power is consumed by sum block. Dynamic power consumption is more when
compare with the static power consumption because of discharging and charging of the load capacitance in transistor.
It can be formulated in Equation (2) as

Clioad=Ciix +Cuar. (2)

Fixed capacitance (Csix) is technology and interconnection dependent. It can be reduced by effective design

and transistor size plays important role in reducing the dynamic power consumption. Inverter in full adder should be
weak and transmission gate should be strong.
Delay Propagation: In many circuits adder paly the basic computational component. The delay of the adder decides
the speed of the circuit. Propagation of the carry signal is mainly responsible for the speed response of the adder. To
reduce the propagation delay of the carry signal, the path length of this signal should be minimized. In this circuit,
generation of the carry signal is done by the transmission of the controlled input signal and one of the input signal A
or B .We know that carry signal passes through only one transmission gate, the carry path is reduced that leads to
minimization in delay propagation. The propagation delay is reduced by systematic transistor sizing and by
introducing more efficient transmission gate.

The speed of the adder in the present circuit is proportional to the number of adder stages in the circuit.
While performing the cascaded operation of the present full adder, the speed decreases with the increase in the
number of adder stages. In the same way various observations are done using transmission gates .The delay buffers
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in the circuit is independent of the number of stages in the circuit. The minimum number of stages can be found by
minimizing the average delay per stage. As the number of adders in the circuit increases, the delay increases. With
the increase in the number of stages in the adder there is an increase in the delay of second order in the simulation
result. The results here, were made for the circuit with no load capacitance and for the worst case carry propagation
delay. Addition of the load capacitance in the circuit will increase the delay in the circuit but the graph remains
unchanged. This overall delay can be minimised by introducing the buffers in the circuit at the appropriate stages.
During the post layout simulations the capacitance and resistance are extracted and accordingly, suitable buffers are
added to the circuit.

2. SIMULATION RESULTS
The waveforms are obtained in the fig.5, when the XNOR gate is implemented using 45 nm technology with
3 transistors where the output is similar to the truth table of the XNOR gate shown in table.1, i.e. when the number

of inputs given HIGH is Odd in number then the result is HIGH. The average power consumed in the circuit is
1.69E-06W.

Figure.5. Waveforms of XNOR using 3 Transistors (45nm)
The Fig.6, shows the waveforms of 13T full adder, implemented using Tanner tools 45 nm technology and
the outputs are similar to the full adder truth table. The average power utilized in the circuit is 1.19E-06 W.
: [ 7

Figure.6. Waveforms of 13T Full Adder (45nm)
The figure.7, shows the waveforms of proposed full adder using sleepy keeper approach simulated in the
tanner tools using the T-spice 45nms technology and the outputs are similar to the Truth table of full adder. The
average power utilized in the circuit is 7.41E-07W.

The Fig.8, shows the waveforms of conventional full adder using the 45 nm technology simulated in the
tanner tools T-spice software and the outputs are similar to the truth table of full adder. The average power utilized
in the circuit is 2.28E-05W.
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Figure.8. Waveforms of conventional Full Adder (45 nm)
The Fig.9, shows the Waveforms obtained when the XNOR gate is implemented in 65 nm technology with
3 transistors where the output is similar to the truth table of the XNOR gate i.e. when the number of inputs given
HIGH is Odd |n number then the result is HIGH. The average power consumed in the circuit is 3.18E-06W.

Flgure 9. Waveforms of XNOR usmg 3 Tran5|stors (65nm)
The Fig.10, shows the waveforms of 13T Full Adder, implemented in Tanner tools 65 nm technology and
the outputs are similar to the Full Adder Truth table. The average power utilized in the circuit is 2.18E-06 W.

Figure.10. Waveforms of 13T Full Adder (65nm)
The Fig.11, shows the waveforms of proposed Full Adder using sleepy keeper approach simulated in the
tanner tools using the T-spice 65nms technology and the outputs are similar to the Truth table of Full Adder. The
average power utilized in th CIFCUIt is 1.28E-06W of the total power.

Figure.11. Waveforms of proposed FuII Adder using sleepy keeper approach (65nm)
The Fig.12, shows the waveforms of conventional Full Adder using the 65 nm technology simulated in the
tanner tools T-spice software and the outputs are similar to the truth table of Full Adder. The average power utilized
in the circuit is 8.88E- 05W

Figure.12. Wave form of conventional full adder (65 nm)
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Analysis of the proposed full adder:

Table.2. Power Distribution for the Full Adders
Max. power (W) Min. power (W) Avg. power (W)
45 nm 65 nm 45 nm 65 nm 45 nm 65 nm
Conventional full adder | 7.25E-04 | 1.15E-03 | 1.90E-05 | 4.00E-07 | 2.28E-05 | 8.88E-05

13T full adder 3.16E-05 | 5.54E-05 | 7.71E-10 | 5.75E-10 | 1.19E-06 | 2.18E-06

Proposed full adder 1.34E-05 | 2.44E-05 | 7.77E-12 | 2.82E-09 | 7.41E-07 | 1.28E-06

Ex NOR 2.35E-05 | 4.81E-05 | 6.49E-11 | 4.69E-10 | 1.69E-06 | 3.18E-06
Table.3. Delay, PDP for the Full Adder

Delay (ns) PDP (Wns) No. of transistors

45 nm 65 nm 45 nm 65 nm
Conventional full adder | 2.71E+01 | 2.71E+01 | 6.17E-04 | 2.41E-03 | 36

13T full adder 2.60E+01 | 2.61E+01 | 3.10E-05 | 5.67E-05 | 13
Proposed full adder 2.60E+01 | 2.61E+01 | 1.90E-05 | 3.33E-05 | 19
Ex NOR 2.60E+01 | 2.60E+01 | 4.39E-05 | 8.27E-05 | 3
Average Power Delay
Fig.13. Power analysis of the implemented Fig.14. Analysis of Delay for the implemented
Full Adders Full Adders
PDP no of transistors
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Fig.15. Analysis of the Power Delay Product for the Figure.16. Analysis of the number of transistors
implemented Full Adders used for the implementation of Full Adders

3. CONCLUSION

In the proposed paper we have implemented the 1 bit Full Adder using the sleepy keeper approach where
the average power consumed in the circuit optimized to 39% (7.41E-07W) in 45nm technology and 41% (1.28E-
06W) in 65nm technology when compared with the 13 transistors 1 bit Full Adder but when compared with the
conventional 1 bit Full Adder it was greatly reduced. However the delay is abruptly same (2.60E+01ns) in both the
13T Full Adder and the proposed Full Adder but they are reduced when compared with conventional Full Adder.
The power delay product is also optimized to 38% (1.93E-05Wns) and 41% (3.327E-05Wns) in 45 nm technology
and 65 nm technology respectively. However the number of transistors may increase in implementing the sleepy
keeper approach a minimum number of 6 transistors are used when compared with 13T Full Adder but this may not
affect the size of the circuit as it is compact and effective.
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