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Abstract— A low power and high speed Full adder circuit design using a new CMOS domino logic family is presented in this
paper. The presented domino logic is based on Magnetic Tunnel Junction Elements (MTJ) in Gate Diffusion Input (GDI)
Technique. Compared to static CMOS logic circuits, dynamic logic circuits are important as it provides better speed and has less
transistor requirement. The proposed circuit has very low dynamic power consumption and less delay compared to the recently
proposed circuit techniques for the dynamic logic styles. Moreover, it will be shown that the proposed circuit is extremely fault
tolerant. The monte carlo simulation is performed to emphasis the fault tolerance of proposed full adder. The proposed full
adder is simulated using standard 0.18 um CMOS technology.
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I. INTRODUCTION

With the miniaturization of transistor dimensions, the
current CMOS technology faces major issues like
scalability limits, device variability and power
dissipation, casting a doubt on Moore's Law [1-3]. This
has prompted researchers to investigate alternative
technologies as an efficient replacement of the silicon based
CMOS.

Spintronic devices are one such alternative overcoming
some of the above posed challenges [4]. Magnetic
Tunnel Junction (MTJ), a spin based device is characterized
by non-volatility, low power consumption and increased
integration densities (thus resulting in high scalability),
making it a promising choice in multi domain applications
[5]. In recent years, researchers have shown the potential of
MT]Is in manyareas. Due to its non-volatility, it is used as
memory devices like Magnetic Random Access Memories
(MRAM) and Static Random Access Memories (SRAM)
[5]. Logic devices like adders, subtractors , counters [11],
flip-flops [10], ALUs [9] and basic logic circuits
implementing Boolean functionalities like NAND, NOR,
AND, OR have also been designed using MTJs [1I] - [14].
Some of the above designs use a hybrid architecture where
MTIJs and CMOS are integrated with each other to produce
the

desired output [10] [15]. Intermediate circuits are used to
read

and write data in between these components. This
circuitry adds integration complexity, power
consumption, area and

© 2016, IJCSE All Rights Reserved

delay overheads. Dynamic logic requires less number of
transistors to implement a given logic and is well suited for

high speed circuit design. However, the major drawback of
this logic is that it has excessive power dissipation due to
the switching activity and clock. Some techniques are
proposed for reducing excessive power dissipation of
dynamic logic circuit. a mix of dynamic and static circuit
styles, use of dual supply voltages and dual threshold
voltage are some of these techniques [15]. In [15] new logic
family called feedthrough logic (FTL) is proposed to have
better speed and low power dissipation.

In this paper, we presented an optimized design for a full
adder cell using MTJ and GDI technique craved for low
power, low energy. The rest of the paper is organized as
follows. In section II, the proposed dynamic logic and
proposed full adder is presented. In section III, simulation
results are presented. Section IV concludes the paper.

II. PROPOSED PREAMPLIFIER TOPOLOGY

In this section, a novel technique is proposed to reduce
power consumption of domino logic. In proposed circuit, a
buffer is used in domino logic circuit causing to reduce the
power consumption of proposed logic compared to
conventional domino logic circuits. The proposed domino
logic circuit based on GDI is plotted in Fig. 1. The circuits
composed of three clock transistor element so the load
capacitor will be increased. In charge duration that clock is
low, M6 is off and the output node would not be changed.
When clock is high, M1 is off and M2 is on. In this
condition, if the input A is high, M3 is on and the node Z is
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grounded. On the other hand, if input A is low, the node Z Now that the novel domino logic circuit is designed, it is
would be high impedance and would not be changed. time to design a novel full adder using this proposed logic.
Similarly, if Z and clock is high the output F is grounded The schematic of proposed full adder is shown in Fig. 3.
and if Z is high and clock is low the output will be high.
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Fig. 1 The proposed domino logic circuit Fig. 3 schematic of proposed full adder
For the sake of lower power consumption, the proposed III. SIMULATION RESULTS

domino logic circuit is modified as shown in Fig. 2. In this
circuit, an MTJ element is used and in the source of M5 is
connected to node B instead of ground. So, during charge
period when clock is low, the node Z could not be
propagated to output. In this circuit, when the input A is low
the node Z is always high and the output is always low.
When the input A is high, the circuit can work in two

In this section, the simulation results of proposed domino
logic and full adder is presented. Fig. 4 shows transient
response of proposed buffer.
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Fig. 4 transient response of proposed buffer
MTJ

The delay of this buffer is plotted in Fig. 5. On can see that

{ the delay of this circuit is 0.3 ns. Total voltage source power
—I | M2 dissipation of this buffer is 42.2089 pW.

Fig. 2 the modified proposed domino logic circuit based
on GDI and MTJ
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Fig. 5 The delay of proposed buffer

Fig. 6 shows the simulation results of the proposed full
adder. One can see that, when all inputs are high, both
outputs sum and Cout are high. When two inputs are high
and other input is low, one output is low and the other is
high.
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Fig. 6 simulation results of the proposed full adder.

Total voltage source power dissipation of this full adder is
447.8459 pW. The delay of this full adder is plotted in Fig.
7. As is shown in the diagram, the delay of proposed full
adder is 0.35 ns.
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parasitic capacitors, and noise are injected in the circuit.
Fig. 8 shows the simulation result of proposed full adder
under the condition that all of fault sources are injected in
the circuit simultaneously. One can see that besides
injecting all of these faults, the performance of full adder is
not changed. The results of injecting fault in proposed full
adder is summarized in Table. 1.
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Fig. 8 simulation result of faults injected proposed full
adder

Table. 1 results of injecting fault in proposed full adder
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Fig. 7 delay of proposed full adder

To show that the proposed full adder is fault tolerant,
different faults including process fault, voltage variations,
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Power consumption Delay Fault
447 pW 0.35ns No fault
447 pW 0.37 ns Process falt
44 pW 0.4 ns Voltage
variation
447 pW 0.63 ns Parasitic
capacitance
447 pW 0.33 ns Noise
injection

In Table. 2 the comparison of proposed full adder with other works is
presented.
Table. 2 comparison of proposed full adder

Delay Power
consumption
0.35 ns 0.447 uW This work
1.009 ns 1.73 mW [15]
0.179 ns 5.736 uW [16]
1.117 ns 127 uW [17]

IV. CONCLUSIONS

This work has presented a novel low power and high speed
Full adder circuit design using a new CMOS domino logic
family based on MTJ and GDI. The proposed circuit had
very low power consumption and less delay compared to
the recently proposed circuit techniques for the dynamic
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logic styles. Moreover, it was shown that the proposed
circuit is extremely fault tolerant. Different faults including
process fault, voltage variations, parasitic capacitors, and
noise were injected in the circuit. Besides injecting all of
these faults, the performance of full adder was not changed.
The proposed full adder consumed only 0.447 uW of power
and had the delay of 0.32 ns.
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