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Abstract
Magnetic Tunnel Junction (MTJ) is an important device to store the non-volatile. This MTJ device overcomes the disadvan-
tages of CMOS technology by reducing the leakage power. Also, it stores the data in magnet domain. Non Volatile combi-
national circuits are nonvolatile memory elements, which distributes over a logic-circuit plane and expected to realize both 
the ultra-low-power and reduced interconnection delay. The existing Spin Orbit Torque- Magnetic Tunnel Junction method is 
used to store data with higher density, cost benefits, endurance and Non-Volatility. But it has some limitations, such as high 
current density needed for writing can infrequently damage the MTJ barrier, achieving reliable reading without making a 
difference remains a challenge. More constraints limit the designer to attain higher speed with reliable MRAM architectures, 
because the operations of writing and reading share the same path (via the junction). To overcome these limitations, an 
innovative nonvolatile combinational circuit depending on Spin Transfer Torque (STT) with perpendicular Magnetic Tun-
nel Junction (STT-PMTJ) is proposed in this manuscript for fast data storage in real time applications. Here, the nonvolatile 
combinational circuits are Spin Transfer Torque and Spin Orbit Torque. The proposed method gives higher reliability and 
the lower resistive writing path acts high-speed with energy-efficient WRITE operation with the help of Read and Write 
Parallel Switching (RWPS). The RWPS circuit is designed using Spin Orbit Torque (SOT) logic. The RWPS-PMTJ device 
used to maximize the robustness of entire structure and the noise is apparently reduced. The performance of the proposed 
method is compared with other existing methods, such as STT-MTJ, SOT-MRAM. The experimental results shows that the 
proposed RWPS-PMTJ method is efficiently reduced write delay by 64% compared to the STT switching, it also exhibits 
61% faster read access with full swing eventually eliminating the setup time requirement. It enables the design of a new era 
of In-memory computing circuits to meet the challenges in the design of memory-based computation logic circuits. The 
AND logic gate and Full Adder (FA) circuits are implemented using Cadence virtuoso 45 nm technology.

Keywords  SOT (Spin orbit torque) · Spin transfer torque (STT) · Read and write parallel switching (RWPS) · Non-volatile · 
Full adder (FA)

1  Introduction

MTJ is a vital device to store non-volatile, where it over-
comes the disadvantages of CMOS technology by reduc-
ing leakage power. It stores data in magnet domain [1]. The 
important application of MTJ is Magnetic Random Access 
Memory (MRAM), Hard Disk Drive read heads and mem-
ory mapping [2–5]. The perpendicular MTJ has high Tunnel 
Magneto Resistance (TMR), high thermal stability, energy-
efficient and low switching current compared to the In-plane 
MTJ (IMTJ) and Tilted MTJ [6–8].

Different switching mechanisms have been developed to 
the write operation. They are Spin Transfer Torque [9, 10], 
Field-Induced, Thermally Assisted, Voltage Assisted and 
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Spin–Orbit Torque switching techniques. Spin–orbit PMTJs 
is the most suitable device, due to its faster switching time, 
higher energy efficiency compared with the spin–orbit IMTJ. 
Three terminal MTJ devices have higher reliability than two-
terminal devices [11, 12].

The three terminals PMTJ is chosen for analysis and 
design. In this model, the initial SOT torque is very strong 
and the incubation delay is negligible [12–14]. It supports 
rail-to-rail swing and eliminates the need of Pre-charge 
Sense Amplifier to read/write access. An external mag-
netic field is applied initially in the Y direction as shown 
in Fig. 1. It is designed with four primary layers, two fer-
romagnetic layers (CoFeB) namely pinned layer (PL) and 
free layer (FL), separated by Tunneling barrier (MgO) or 
Insulating layer (IL). Three layers are placed on top of the 
strong spin–orbit coupling, called the channel (Pt) [15–19]. 
Channel is the additional layer integrated with the free layer.

The presence of an external magnetic field collinear 
with the current flow is required to break the symmetry in a 
spin–orbit PMTJ. The power consumption of memories is 
predominantly occupied by the writing circuit [20].

The schematic view of the Perpendicular MTJ model with 
the terminals is shown in Fig. 2. It has six terminals; three 
terminals are used for interfacing. Terminals W1 and W2 
are used to write into the free layer and fixed/pinned layer 
respectively. ‘R’ terminal is used for a read operation. MX

,My,Mz terminals indicate the magnetization direction of the 
free layer during write operations. The external magnetic 
and electric field are applied; the magnetization direction 
of non-volatile data is always in the Z-direction in the fixed 
layer. All are perpendicular to each other.

Contribution of the Work:
The major contributions in this work are

•	 To improve the read and write speed of non-volatile data 
by STT switching with PMTJ compare to the other STT–
MTJ,

•	 To reduce the energy consumption of STT–PMTJ based 
combinational logic,

•	 Novel RWPS circuit is designed for write operation using 
SOT logic,

•	 To analyse the speed, power and energy parameter in 
STT and RWPS circuit,

•	 Noise analysis in the III stage inverter in RWPS circuit,
•	 To implement the combinational circuit in STT and 

RWPS based switching logic.

1.1 � STT based switching technique

This section describes the Spin Transfer Torque switching 
mechanism with the PMTJ-CMOS device model described 
using PMTJ is represented in Fig. 1. Circuit operation is 
verified for lower supply voltages. Sizing of switching tran-
sistors is designed to increase the switching current.

Electrons cross the barrier layer during each writes 
operation and read operation in STT switching. The spin 
electrons are crossing through the barrier layer from one 
ferromagnetic layer into other. In this case, tunnelling bar-
rier thickness decides the critical current. Tunnel Magneto 
Resistance (TMR) is a magneto resistive effect that occurs 
in MTJ. It defines as the ratio of the difference in the anti-
parallel resistance and the parallel resistance. Parallel state 
resistance is less than the anti-parallel state resistance. It 
prevents Boron atoms from segregating into the interface. 
TMR ratio increases with the spin polarization.

Critical switching current is proportional to the MTJ 
device area depends on other parameters shown in Eq. (1).

Also, the parameters are analyzed to get the desired 
output.
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Fig. 1   The architecture of PMT

Fig. 2   Perpendicular Magnetic Tunnel Junction in Parallel and Anti-
parallel state



333Analog Integrated Circuits and Signal Processing (2022) 113:331–342	

1 3

2 � Literature survey

Among the research works on expeditious switching circuit 
design for non-volatile combinational circuit, some of the 
recent works are revised here,

Fakhari et al. [21] have presented CNTFET switching 
logic base lesser power with area-efficient quaternary adder. 
The presented design substantially decreases the count of 
transistors, area, power consume, when managing output 
driving ability along full swing mode. The presented model 
was simulated utilizing HSPICE and Stanford CNTFET. To 
CNTFET-base circuits, the presented circuit was drawn by 
physical design tool. The outcomes show the effectiveness 
with respect to area, average power consume, PDP likened 
to its state-of -art counterparts.

Bastani et al. [22] have presented energy with area-effi-
cient approximate ternary adder depending on CNTFET 
switching logic for decreasing area with energy consume. 
By utilizing the Synopsys HSPICE simulator along Stanford 
32 nm CNTFET technology, the presented design was lesser 
than other CNTFET-base ternary circuits. Moreover, the pre-
sented ternary full adder was utilized to lessen the ternary 
multiplier structure steps with certain metrics, viz energy-
error tradeoff, normalized error distance were computed to 
estimate the presented circuit performance.

Hussain and Chaudhury [23] have presented fast and 
high-performing 1-bit full adder circuit depending on 
input switching activity patterns and gate diffusion input 
(GDI) technique. The adder was structured in 2 states: (i) 
XOR–XNOR module, (ii) required outputs. The switching 
activities of the transistors were lessened by utilizing the 
switching activity pattern of inputs with GDI in each stage. 
The presented method lessens delay, power consumption, 
computational complexity.

Mandal et al. [24] have presented an optical quaternary 
adder and subtractor model utilizing polarization switch-
ing. The frequency encoding approach was employed to data 
representation due to its inherent feature of constancy dur-
ing reflection, refraction, transmission. Various bits were 
processed without any error instead of any fluctuation in 
intensity, thus, the bit error rate was lessened. Polarization 
switching properties of semiconductor optical amplifier were 
adopted to develop these basic units.

Amirany and Rajaei [25] have presented spin-base fully 
nonvolatile full-adder circuit for scaling in memory. A non-
volatile with lower cost radiation hardened magnetic full 
adder (MFA) was presented. When compared with other 
designs, the presented MFA was able to tolerate particle 
strikes not considering the quantity of charge induced to a 
single and multiple nodes. The presented magnetic full adder 
gives lesser power, lesser area and higher performance. The 
full non volatility was presented by the magnetic full adder. 

Nonvolatile logic circuits eliminate the cost of higher vol-
ume data transactions amid the memory and logic, also make 
possible power gating in logic-in-memory structures.

Alghare et al. [26] have presented a Non-volatile spin-
tronic flip-flop design for energy-efficient Single-Event 
Upset and Double Node Upset resilience. Where, latching 
circuits depending on soft error resilient CMOS was struc-
tured to be leveraged as master and slave latches in NV-FF 
structure. The presented design use feedback loops and 
clock-gating Muller C-elements, also maximizing the charg-
ing ability of vulnerable nodes. The simulations show that 
the presented Single-Event Upset and Double Node Upset 
resilient latching circuits attains 81% and 24% power-delay-
product improvement compared to other designs. The pre-
sented latching circuit was combined to develop four radia-
tion hardened NV-FF designs. In this area was increased.

Razi et al. [27] have presented an energy-efficient radi-
ation-hardened non-volatile magnetic latch. The presented 
model was deemed to design a reliable non-volatile magnetic 
latch utilizing MTJs. The presented latch was utilized to cre-
ate a rad-hard magnetic master–slave flip-flop. Simulations 
show that the presented design present advantageous figures 
of merit over the prior works. The presented design attains 
52% and 82% enhancement in power and delay over other 
designs.

Rajaei and Amirany [28] have presented a Nonvolatile 
low-cost approximate spintronic full adders for comput-
ing in memory architectures. The presented magnetic FAs 
provide full non-volatility, lower area, lower energy con-
sume. The presented magnetic FAs have the benefit of single 
event upset (SEU) tolerance. The outcomes show that the 
presented design provides 50% energy efficiency than other 
fully nonvolatile magnetic FAs. In the approximate Gaussian 
filter, the filtered noisy images have almost the same results 
as the accurate Gaussian filter. The presented magnetic FAs 
have an accurate carry-out output and an approximate sum 
output with an error distance of 2. The delay was increased.

3 � Proposed RWPS based switching 
technique

Previous research shows read and write ‘0’ accesses by 
applying opposite direction current pulses through PMTJ. 
Transfer of data to the cell and from the cell is not illustrated 
so far. Therefore, this paper proposes a novel switching cir-
cuit to write and read data. Instantaneous changes in the 
input data are immediately transferred to the contents of the 
memory without hold operation.
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3.1 � SOT write and read circuit

Spin–Orbit Torque Switching—In this case, read and 
write paths are decoupled, so they can be independently 
optimized.

WRITE: External electric current is applied to the chan-
nel due to Spin Hall Effect, the non-volatile data is written 
in the Z direction of PMTJ. Digital data ‘0’ or ‘1’ is stored, 
according to the direction of the spin polarization.

NMOS transistors MN1–MN4 generate a positive cur-
rent pulse for volatile input data’1’, the free layer is aligning 
Antiparallel to the fixed layer of PMTJ. The MTJ write out-
put is ‘1’. Input data 0 is applied as negative current pulse to 
PMOS transistors MP1–MP4. It leads to the parallel connec-
tions of fixed and free layers. The write operation is based on 
the input data and does not depend on the “Enable” control 
signal. A basic current mirror circuit is used to read and write 
the data. ID2(Drain Current) is equal to W1 terminal current, 
MN4, MN3 transistor sizes are chosen equal and half of MN1. 
Similarly, PMOS transistor sizes are also chosen using the 
same design technique. The volatile data at the input is trans-
ferred to non-volatile data and written in the MZ pin. It has 
been read out from the point ‘B’ as shown in Fig. 3.

Mn3, Mn4 width are high because 200 µA current is passed, 
it act as a switch (triode region).

Mn1, Mn2–length should be high, due to Mn1 current 
should mirror of Mn2 and operated in saturation region [29].
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The following conditions are satisfied to mirror the cur-
rent in Mn1 and Mn2 transistor.

Similarly the Mn3 and Mn4 transistors are follow the 
given equation

READ: The read path is from a fixed layer to the free 
layer through a barrier layer. The read and write accesses 
can be activated simultaneously. Transistors MN0, MN5, 
MP0 and MP5 are used for a read operation. The volatile 
data ‘0’ is applied, MP1 – MP4 transistors are work up for 
write ‘0’ and MN5,MN0 are turned ON to create a path for 
read operation. The complement data are processed similarly 
as shown in Fig. 3.

3.2 � SOT based combinational circuit design

The combinational circuit AND and Full Adder circuits are 
implemented with PMTJ-CMOS. The resistance value of 
100 Ω is chosen for the readout terminal, to transfer the 
data with reduced output swing to the NMOS pass transistor 
logic. PCSA is used to derive rail-to-rain swing for design 
the combinational circuit and buffer is used at the inputs of 
NMOS logic to increase the speed.

AND: Inputs 'B' and 'B bar' of the combinational logic 
is applied through PMTJ. Inputs 'A' and 'Abar' are applied 
through buffers. Buffers are designed to equalize the delay 
of volatile and non-volatile inputs of combinational logic. 

(7)Vgs1 = Vds1 = Vgs2

(8)(W|L)3 = (W|L)4

Transistors MN5, MN6 and MN7 are used to implement 
AND and NAND logic as shown in Fig. 4. The transistor's 
states are explained in Table 1.

Full Adder: During the read operation, MN0 and MP0 
transistors discharge fast and improve the access speed. The 
combinational circuit of a Full Adder is shown in Fig. 5. 
Two MTJ devices are used in the writing circuit and config-
ured for FA sum and carry operation. The logic operation 
is performed in the evaluation mode. Similar to AND logic, 
buffers are included in the path of inputs 'A' and 'C' to make 
propagation delay of all signals the same. It reduces the set-
up requirement of the PCSA logic circuit. The transistor's 
states are explained in Table 2. Table 2 tabulates the true 
table along resistance configuration of C0 logic. ROFF and 
RON represents MOS transistors close with open resistances. 
RL,RR represent entire resistance of PCSA left, right branch. 
To determine A and Ci , the ACi , ACi sub branches have no 

Fig. 4   RWPS based AND and NAND logic gate

Table 1   Switching states of Transistors AND logic

A B Branch resistance Transistor 
Switching 
State

AND output NAND 
Output

0 0 R
Qm

>RQm
MN5,6-OFF

MN7-ON
0 1

0 1 R
Qm

>RQm
MN5,6-OFF

MN7-ON
0 1

1 0 R
Qm

>RQm
MN5,6-ON

MN7-OFF
0 1

1 1 R
Qm

<RQm
MN5,6-ON

MN7-OFF
1 0
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impact in output. The 2 sub branches resistance are same if 
A and Ci are varied. If it is same, their comparison associated 
with RL and RR in ROFF > RAP condition, which is always 
true. It allows ACi to be deleted from Eq. (4) and get C0 
logic circuit. The output of Sum is represented in Eq. (9), 
the output of Sum is expressed in Eq. (10) and the output of 
C0 and C0 are represented in Eqs. (11) and (12) respectively.

(9)Sum = A⊕ B⊕ Ci = ABCi + ABCi + ABCi + ABCi

(10)Sum = ABCi + ABCi + ABCi + ABCi

(11)C0 = AB + ACi + BCi

Fig. 5   RWPS based Full Adder

Table 2   Switching states of 
Transistors—PMTJ Full Adder

A B Ci Resistance com-
parison

C0 Sub branch of ACi Sub branch of ACi

0 0 0 c 0 2R
OFF

2R
ON

0 0 1 R
L
> R

R
0 R

OFF
+ R

ON
R
ON

+ R
OFF

0 1 0 R
L
> R

R
0 2R

OFF
2R

ON

0 1 1 R
L
< R

R
1 R

OFF
+ R

ON
R
ON

+ R
OFF

1 0 0 R
L
> R

R
0 R

ON
+ R

OFF
R
OFF

+ R
ON

1 0 1 R
L
< R

R
1 2R

ON
2R

OFF

1 1 0 R
L
< R

R
1 R

ON
+ R

OFF
R
OFF

+ R
ON

1 1 1 R
L
< R

R
1 2R

ON
2R

OFF
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4 � Simulation result and analysis

The proposed RWPS switching circuit is implemented using 
cadence virtuoso 45 nm standard CMOS technology with a 
perpendicular MTJ model. Table 3 tabulates the MTJ param-
eters. The read and write circuits are analyzed for STT and 
RWPS switching techniques. Logic gates and Full Adder are 
implemented. A supply voltage of 1 V is used. The threshold 
value is calculated from the transfer characteristics of the 
inverter and its value is 0.5 V. The proposed RWPS novel 
method result is analyzed, the simulation of STT model is 
analyzed the parameters required for novel method to com-
pare the results of STT model as well as RWPS model.

4.1 � Write and read circuit transient response for STT

The read and write operations are analyzed for input out-
put and control signals in order to represent the volatile 
data. Compose access is enacted with Enable signal at a 
significant level and read admittance at zero levels. In Pre 
charge mode, the yields get charged to VDD, when 'CLK' 
is lower. In the Assessment stage, the put away worth has 
been perused with the CLK at a significant level. The posi-
tive edge CLK is applied at the time of Enable signal is 

(12)C0 = AB + ACi + BCi

low. Table 4 shows 86% percentage of improvement with 
respect to proposed work.

In this segment, life RWPS– PMTJ combinational cir-
cuits for AND logic and Full adder using Spintronics are 
analyzed. Input, output data and control signals of STT 
for read and write operations are depicted in Fig. 6. The 
100 MHz volatile data input is applied to the writing cir-
cuit of STT–PMTJ. Write access is activated with Enable 
signal at a high level and read access at zero levels. In Pre-
charge mode, the outputs get charged to VDD, when ‘CLK’ 
is low. In the Evaluation phase, the stored value has been 
read with the CLK at a high level. The positive edge CLK 
is applied at the time of Enable signal is low.

Figure  7 shows the Read and write access with 
degraded output and without set up time violation in STT 
AND logic. In this the out waveform of the AND switch-
ing circuit provides Input data ‘B’ (MTJ Data Output) is 
applied through PMTJ and input ‘A’ is applied directly in 
NMOS logic, AND and NAND outputs have taken from 
the PCSA. The setup time requirement of STT AND logic 
is 0.06 ns. The operating frequency is 17GHZ. The draw-
back of this method is that read write operations cannot be 
done parallel. Therefore, the proposed RWPS method does 
not require any setup time for RWPS based AND gate.

Similarly, the input set-up time requirement is not satis-
fied and it affects the output. The setup time is not violated in 
20 ns, the output response for the previous input value of ‘A’.

Figure 8 shows the output waveform of STT based Full 
Adder circuit simulation result. The operation of full adder 
shows the Full Adder: Clock of frequency 50 MHz is cho-
sen for the full adder. The setup time requirement of STT 
FA is 0.09 ns. The sum path read delay is 15% higher than 
the carry path and programming frequency is 11GHZ.

Figure 9 shows the output wave form of the Write and 
read access for RWPS. In the case of RWPS, the 100 MHz 
volatile data is applied to the current mirror circuit; the data 
is stored and read from the PMTJ devices without any con-
trol signal. The data has written into the PMTJ devices, par-
allelly read out from the terminal ‘R’ with full rail to rail. 
For example logic ‘0’ is written ‘B’ and complement MTJ 
output ‘B bar’. At the same time, it is readout. The writing 
a circuit (Fig. 3) is used to read and writes access. Read and 
write access delays are reduced by 65% and 38%, but the 
energy is increased. Half of the transistors are turned ON 
permanently and data missing (No hold state) is eliminated.

Figure 9 shows the Write data in STT VS RWPS. In the 
RWPS method, the energy is high as 80% since switching 
is also 80% then the previous methods.

Figure 10 shows the AND and NAND logic simulation 
using RWPS. The AND and NAND outputs are evaluated 
according to the input A and MTJ data with ‘CLK’ at a high 
level. In A = 1, R

Qm
<RQm

 and B = 1. So, the AND output is 

Table 3   Parameter Analysis of PMTJ device

Parameter Description Default Value

TMR(0) TMR ratio with zero bias volt-
age Vbias

150%

Vdd Write & Read Voltage 1 V
Ic Critical Current  ~ 175 µA
I External Electric Field 200 µA
Rap Anti parallel Resistance 8.2261 KΩ
Rp Parallel Resistance 3.2904 KΩ
L Length 150 nm
D Thickness 3 nm

Table 4   Noise analysis in the III stage inverters

Inverters Input noise (( V

sqrt(HZ)
) Output noise 

(( V

sqrt(HZ)
)

Pnoise gain ( V
2

HZ
)

I stage 1.94 mV 445 pV 229.3 nV∕V
II stage 2.75 kV 450 pV 163.7 fV/V
III stage 19.34 GV 445 pV 23 zV/V
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logic ‘1’ value and complement output of NAND is logic 
‘0’. The other input combination of A = 0, B = 1, R

Qm
>RQm

 
then AND = 0. The clock frequency is fixed at 66.6 MHZ. 
The outputs are very fast (82% and 80%) compared with the 
STT–PMTJ. The read access time is increased by adding a 

Fig. 6   Write and read access for STT

Fig. 7   Read and write access with degraded output and without set up time violation in STT AND logic
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buffer with ‘Input A’. The delay between the outputs is 
reduced by 79% in RWPS. Its write access is faster com-
pared with the STT.

Table 4 shows the Noise analysis in the III stage invert-
ers. In this the input noise voltage is applied in the first 
stage inverter and the input, output and noise gain also cal-
culated. Here, 3 inverters are implemented instead of one 

as it is the concept of pipelining which is used and eventu-
ally analyzed for power of background noise. In this, the 
margins of the write operation, which need to be improved, 
so introduced a pipelining concept, it is beneficial as write 
margin is available without any noise.

Table  5 shows the performance analysis of proposed 
switching circuit design compared with various existing 
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Fig. 8   STT based Full Adder circuit simulation result

Fig. 9   Write data in STT VS RWPS
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methods. The proposed RWPS-PMTJ-NVCC design uses 45 
transistors and the number of used transistors for AND gate 
is 33 and the Full adder is 48. For write delay analysis the 
proposed method provides 21.44%, 28.04%, 27.37% lower 
than the existing method such as STT-PMTJ-NVSFF, SHE-
STT-MTJ-NVML, SHE-STT-MTJ-NVLCASF respectively. 

For read delay analysis the proposed method provides 
32.86%, 33.05%, 20.73% lower than the existing method 
such as STT-PMTJ-NVSFF, SHE-STT-MTJ-NVML, SHE-
STT-MTJ-NVLCASF respectively. For total delay analysis 
the proposed method provides 31.65%, 34.03%, 26.97% 
lower than the existing method such as STT-PMTJ-NVSFF, 

Fig. 10   AND and NAND logic simulation using RWPS

Table 5   Performance analysis 
of STT and RWPS

STT-PMTJ-NVSFF [26] SHE-STT-MTJ-
NVML [27]

SHE-STT-MTJ-
NVLCASF [28]

RWPS-
PMTJ-NVCC 
(Proposed)

MTJ 4 4 4 2
No. of Transistors 13 + 18* 33 34 + 18* 48
Technology nm 60 60 45 45
Write Delay (ns) 4.95 5.093 3.02 1.043
Read Delay (ns) 6.04 3.99 4.32 1.94
Total Delay (ns) 5.32 4.66 2.42 0.43
PDP (pJ) 3.21 1.54 3.64 0.89
Write Energy (J) 3.53 3.08 2.45 1.11
Read Energy (J) 3.56 5.32 3.54 1.03
Write voltage (V) 3.24 4.82 3.94 1.00
Read voltage (V) 5.03 4.93 5.92 1.00
Read Time (s) 3.27 2.94 3.02 1.04
Write time (s) 3.04 5.45 4.32 1.45
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SHE-STT-MTJ-NVML, SHE-STT-MTJ-NVLCASF respec-
tively. For PDP analysis the proposed method provides 
25.96%, 35.87%, 16.76% lower than the existing method such 
as STT-PMTJ-NVSFF, SHE-STT-MTJ-NVML, SHE-STT-
MTJ-NVLCASF respectively. For Write Energy analysis the 
proposed method provides 25.43%, 38.96%, 25.87% lower 
than the existing method such as STT-PMTJ-NVSFF, SHE-
STT-MTJ-NVML, SHE-STT-MTJ-NVLCASF respectively. 
For Read Energy analysis the proposed method provides 
35.87%, 27.97%, 39.43% lower than the existing method 
such as STT-PMTJ-NVSFF, SHE-STT-MTJ-NVML, SHE-
STT-MTJ-NVLCASF respectively. For Write voltage analy-
sis the proposed method provides 28.97%, 36.32%, 25.86% 
lower than the existing method such as STT-PMTJ-NVSFF, 
SHE-STT-MTJ-NVML, SHE-STT-MTJ-NVLCASF respec-
tively. For read voltage analysis the proposed method pro-
vides 25.86%, 20.85%, 29.22% lower than the existing method 
such as STT-PMTJ-NVSFF, SHE-STT-MTJ-NVML, SHE-
STT-MTJ-NVLCASF respectively. For Read Time analy-
sis the proposed method provides 31.83%, 22.34%, 37.93% 
lower than the existing method such as STT-PMTJ-NVSFF, 
SHE-STT-MTJ-NVML, SHE-STT-MTJ-NVLCASF respec-
tively. For write Time analysis the proposed method provides 
24.02%, 31.83%, 27.94% lower than the existing methods, 
such as STT-PMTJ-NVSFF, SHE-STT-MTJ-NVML, and 
SHE-STT-MTJ-NVLCASF respectively.

5 � Conclusion

This paper proposes the RWPS–PMTJ combinational 
circuits for AND logic and Full adder using Spintronics 
devices. This design uses a minimum number of transistors 
with an increase in access speed. Timing issues and the con-
ditions on signal transitions for valid outputs are analyzed 
in detail. The propagation delay of the proposed design is 
likened with the existing designs. The read and write access 
time is lower for RWPS switching. The critical path of logic 
gates lies in the complement output and the delay is reduced 
by introducing a buffer. The RWPS based full adder is more 
preferable than STT based full adder. The total propagation 
delay is less than 70% by introducing a buffer for applied 
volatile input. The RWPS-FA carry delay is 80% lower than 
STT-FA. The adder efficiency is improved in this paper. 
Especially CARRY output delay is significantly less and 
highly suitable for carry dependent adders. Set up time 
requirement of the STT based device is 67% higher than 
the RWPS FA. It is preferable to use RWPS based logic for 
high speed and STT logic for energy-efficient applications.
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