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Abstract— Memristor has been used as a filter stage to 

improve The reliability of digital circuits has been improved 

by using memristor. This element works as a filter stage to 

waive most of the glitches generated in prior stages. The 

proposed technique is applied to three different circuits to 

improve their reliability. Those circuits are: a chain of 

inverters represents a long path topology, c432 benchmark 

represents a short path circuit, c1908 benchmark represents 

a long path circuit. The memristor stage is connected 

between the last two stages of each output path of the 

circuit. The memristance of the memristor is changed using 

a certain parameter (x0), higher memristance means longer 

propagation delay and more glitches are attenuated. The 

experiment is run at different values of the memristance and 

the error probability is calculated at each value. The effect 

of this stage is studied by calculating the energy 

consumption and performance of the circuits with and 

without this stage. The Reliability-Energy-Performance 

trade-off relationship is found and introduced for each 

circuit, the results show that the reliability of the circuit is 

improved to the highest levels, when 𝒙𝟎= 9E-4, the glitches 

that occurred on the last stage only has been registered at 

the output, whereas all the glitches that generated in the 

prior stages are attenuated completely. 

 

Index Term: digital circuits reliability, soft errors, single 

event transient (SET), reliability-energy-performance trade-

off. 

I. INTRODUCTION 

oft errors are a temporary effect that can cause a 

faulty operation of integrated circuits for a period of 

time. The output of this faulty operation may be latched 

up by a flip flop or a register causing faulty results. One 

of the dominant causes of soft errors is neutron particles 

generated by the interaction of cosmic rays with the 

nuclei of atmospheric gases. Soft errors increased last 

decades because of the technology scaling that occurred 

in the integrated circuits industry. Technology scaling 

that including smaller sizes of transistors, higher 

operating frequencies, lower voltage levels, and a higher 

number of transistors on the same size of the chip. On the 

other hand, this scaling increases the susceptibility of 

digital circuits, so they become more sensitive to the 

effect of soft errors caused by neutron particles. The rate 

of neutron particles that hit devices at the terrestrial 

environment is fixed, but the voltage level that represents 

a certain logic level is decreased, and the charge that is 

needed to represent that logic level is reduced too [22]. 

Due to this, the charge that is needed to be collected from 

an interaction between a neutron particle and a sensitive  

node on a digital circuit to flip the state of that node 

become smaller. So despite the fact that the rate of the 

neutron particles is fixed, the range of effective particles 

increased due to the technology scaling. This effect can 

be noticed if we know that the Linear Energy Transfer 

(LET) that needed to cause a Single Event Transient 

(SET) in 1990 was 15MeV.cm2/mg, where the LET 

values that is needed to cause a SET in 2004 is 

2MeV.cm2/mg  [1]–[3]. 

The contribution of these soft errors on decreasing 

combinational circuits’ reliability is a major concern, so 

many techniques are suggested to mitigate these effects 

on different levels. on system levels redundancy 

techniques are suggested, those techniques include 

hardware redundancy such as Triple Modular 

Redundancy (TMR), information redundancy such as 

Error Detecting and Correcting Codes (EDCC), and time 

redundancy, the drawbacks of these techniques are high 

area overhead, power consuming, and the performance is 

reduced dramatically. On circuit level; gate sizing 

techniques are suggested. On device level; Insulating 

substrates, and Wide band-gap substrates techniques are 

used [4], [5], [23]. 

In this paper, we propose a new technique to improve 

the reliability of digital circuits using a memristor 

element as a delay element. This element is used to 

eliminate the narrow glitches caused by low-energy 

particles, and for the wider glitches makes them narrower 

so the probability of these glitches being latched is 

decreasing. 

The rest of the paper is organised as follow. Section II 

gives details on the memristor element, section III 

presents the proposed technique to use the memristor 

element as a filter to improve digital circuits reliability, 

section IV presents the simulation results, section V 

presents the effect of the memristor on a circuit 

parameters, and section VI concludes the paper. 
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II. MEMRISTOR DEVICE 

A. Background 

Memristor element is introduced by LEON O. CHUA 

in 1971 [6]. It is characterised by the relation between the 

charge q(t) and the flux-linkage  𝜑(𝑡). The memristance 

M of a memristor can be defined by the relation M = 

𝑑𝜑𝑚/dq, where M has a unit of memristance. The 

memristance of a memristor depends on the magnitude 

and the polarity of the applied voltage and the length of 

time that voltage has been applied. It is called memristor 

as a contraction for memory resistor because it behaves 

like a nonlinear resistor with memory. The memristor 

remains just a theory, until Stan William and his team 

from HP Laps implement a first model, they implement 

model as a 40-nanometre cube of titanium dioxide 

(TiO2), it is constructed by two layers: The lower layer 

has a perfect 2 to 1 oxygen to titanium ratio, what makes 

it an insulator or semiconductor. The upper layer is 

missing 5% of its oxygen (TiO2x), these vacancies on 

the oxygen concentration make this layer conductive [7], 

[8]. 

B. Memristor model  

The relationship between current and voltage can be 

characterised by three different main equations, each 

equation reflects the relationship between certain 

parameters on a specific stage. Formula (1) expresses the 

observed nonlinear hyperbolic sinusoidal relation in the 

metal-insulator-metal of the memristor operation, the 

hyperbolic behaviour causes an increase in the  

conductivity of the device if the applied voltage increases 

a certain threshold voltage. The I-V relation also depends 

on the state variable x(t), which controls the memristance 

of the memristor device. 

𝐼(𝑡) = {
𝑎1𝑥(𝑡)sinh(bV(𝑡)),V(𝑡) ≥ 0

𝑎2𝑥(𝑡)sinh(bV(𝑡)),V(𝑡) < 0
}                    (1) 

The threshold voltage that must be exceeded is 

implemented by the function 𝑔(𝑉(𝑡))in (2). 

𝑔(𝑉(𝑡)) = {

𝐴𝑝(𝑒𝑉(𝑡) − 𝑒𝑣𝑝), 𝑉(𝑡)>v𝑝

−𝐴𝑛(𝑒𝑉(𝑡) − 𝑒𝑣𝑛),V(𝑡) > −𝑣𝑛

0, −𝑉𝑛 ≤ 𝑉(𝑡)<V𝑝

}       (2) 

where Vp and Vn, represent the positive and negative 

threshold, and theyare the magnitude exponential. The 

relations that model the state variable 𝑓(𝑥(𝑡))can be seen 

in (3),(4). The state variable is expressed by two 

equations, because it depends on the polarity of the input 

voltages, and it can be divided into two regions 

depending on the exiting state of the device, for more 

details [9]–[12]. 

𝑓(𝑥(𝑡)) = {
𝑒−𝛼𝑝(𝑥−𝑥𝑝)𝜔𝑝(x,x𝑝),x ≥ 𝑥𝑝

1,x<x𝑝

}         (3) 

𝑓(𝑥(𝑡)) = {
𝑒−𝛼𝑛(𝑥−𝑥𝑛)𝜔𝑛(x,x𝑛),x ≥ 𝑥𝑛

1,x<x𝑛
}         (4) 

where𝑥𝑝; 𝑥𝑛a boundary point, before these points the 

state variable is constant limited by an exponential 

function decaying by a rate either  𝛼𝑝,α𝑛. 

III. USING MEMRISTOR AS A FILTER 

The reliability metric is an important parameter in the  

integrated circuit industry, these circuits are designed to 

accomplish a certain task and it is expected to perform 

this job on each time of running, so if the circuit has 

completed its task as requested and planned it will be a 

reliable circuit. Soft errors are known as an obstacle to 

accomplishing this process because it makes the circuit 

works in unexpected mode (unreliable mode). It is 

possible to harden a circuit to partially prevent the effect 

of soft errors and increase the reliability of the circuit. In 

other words, pushing the running mode of the circuit to a 

more reliable region. 

In this paper, we propose to use a memristor element 

as a filter to attenuate SET pulses that generated on 

combinational circuits. This proposal relied on previous 

studies, it has been found that neutron particles cause 

different glitches duration depending on their energies, so 

the narrow glitches that are generated on a circuit are 

affected by electrical masking and attenuated before they 

reach the output terminal. However, the glitches that are 

generated close to the output terminals can not be 

attenuated. So, it is not possible to rely on the attenuation 

effect to mitigate those glitches. On [13], it is suggested 

to use the last stage on a path as a filter by increasing its 

size to increase its inertial delay, so the narrow glitches 

can be attenuated. Memristor has been used as delay 

elements in some applications as in [8], [14], thus we 

propose to use a memristor (delay element ) as a filter to 

be used to increase the reliability of digital circuits. 

Figure. 1 shows waveforms are passed through a 

memristor with different values of 𝑥0, it can be noticed 

the delay time between the input signal and the output 

signals.  Memristor size is measured by square 

nanometers, and it is compatible with CMOS components 

[15]–[19], these two reasons encourage us to use it with 

CMOS circuits. 

Figure 1.  Waveforms are registered at the input and the output 

terminals of a memristor connected to a digital circuit. 

The model proposed by [20], has been chosen to be 

used in this paper as a delay element to filter glitches that 

are generated on prior stages, this model is used with 

Cadence simulation platform and connected between the 

last two stages to filter most of the generated glitches. 

Figure. 2 shows the connection of memristor on different 

paths of different circuits. 
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Figure 2.  Memristor connected to different paths 

IV. RELIABILITY IMPROVEMENT 

In this section, the simulation results are introduced. 

These results are found by calculating the probability of 

soft errors using the proposed method on [21], after the 

probability of errors are calculated, the reliability of the 

circuit is derived by the relation 1 −
(probabilityoferrors). 

The memristor filter is applied on three different 

circuits to see the effect of this stage on the reliability of 

those circuits, the candidate circuits were: a chain of 

inverters, ISCAS c432 benchmark, and ISCAS c1908 

benchmark. In the next sections, more details will be 

found about these experiments. 

A. A chain of  inverters circuit 

This circuit has been chosen to mimic single path 

circuits. This circuit consists of 205 inverters, all 

inverters are identical with specifications: pull-down 

NMOS transistor with length (L) = 80nm and width (W) 

=400 nm, pull-up PMOS transistor with L=80 nm and 

W=800 nm, a capacitor is placed between every two 

inverters to simulate the parasitic effect of the 

interconnection wires. 

The memristor has connected between the last two 

inverters on the circuit, and different transient current 

pulses are injected on each inverter. The injected pulses 

cause glitches with different durations depending on the 

value of the LET. These glitches propagated through the 

path to be registered as a soft error at the output. The 

memristor works here as a filter stage with filtering 

efficiency depending on the memristance of the 

memristor. In each experiment, we changed the 

memristance of the memristor by changing the parameter 

𝑥0. The effect of the memristor on the reliability of the 

circuit is shown in Figure. 3, the experiment is conducted 

under different values of Vdd’s to have a good 

understanding of how the voltage supply affects 

reliability. 

The change of the reliability trend on different curves 

can be seen in Figure. 3, high reliable behaviour is 

obtained when the value of 𝑥0is 9E-4 with this value, the 

memristance of the memristor was very high, this 

increase the propagation delay time witch causes 

attenuation of all the generated glitches. Only the glitches 

that are generated on the last stage (that stage after the 

memristor) are registered at the output of the circuit. 

Another value of 𝑥0parameter has been chosen witch is 

4E-3, and the reliability of the circuit calculated. It can be 

seen in the same figure the reliability of the circuit is not 

high as the previous value of x0 parameter, but still better 

than the reliability of the circuit without a memristor 

filter. The dashed lines on this figure show the 2D 

projection of the reliability curve with performance and 

energy consumption. 

From Figure. 3 the reliability of the circuit can be 

tuned as required by changing the values of the x0 

parameter, and also depends on the available resources 

(energy and performance). 

 

 

Figure 3.  Energy-Reliability-Performance of chain of inverters circuit 
with and without the memristor filter 

The suppression of the errors was the main reason to  

improve the reliability of the circuit. The strength of the 

suppression factor is proportional to the memristance 

increase. Figure. 4 shows the highest error suppression 

percentage occurred at 𝑥0is 9E-4, where the minimum 

suppression percentage is occurred at 𝑥0is 9E-3. 

 

Figure 4.  Error suppression percentages on the chain of inverters 
circuit vs V dd 

B. c432 Benchmark 

The proposed technique is applied on multipath circuit 

c432, this circuit is a channel interrupt controller that 

contains 36 input terminals, and 7 output lines. It is used 

here to see the effect of adding memristor filter stage on 

short path multipath circuits, the same procedure is 

adopted as on the last section, so the reliability of the 

circuit is derived without memristor stage, and then the 

experiment is repeated with memristor for different 

values of parameter 𝑥0, the results are similar to the 

previous one (chain of inverters case), with minor 

differences related to the circuit topology, but the trend of 

reliability curve is almost same in the two cases. It can be 

seen from Figure.5 the circuit works in a high reliable 

state when 𝑥0is 9E-4, and the reliability does not depend 

on the Vdd as in the other cases of x0 or in the case of the 
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circuit without memristor. This is because the memristor 

stage filtered all the glitches that generated in the prior 

stages. 

 

Figure 5.  Energy-Reliability-Performance of c432 circuit with and 

without the memristor filter 

The error suppression percentages are illustrated in 

Figure.6, it is clear that the error suppression is more than 

95% when the memristor with 𝑥0is equal to 9E-4 is used. 

In the other two cases with 𝑥0is equal to 4E-3 and 9E-3 

this percentage is lower, and the error suppression 

depends on the Vdd. Therefore, it can be seen in the same 

figure at high Vdd values where the error probability is 

not high the suppression percentage is high, and this 

percentage decreases gradually until Vdd = 0.4 V the 

suppression percentage starts increasing and reliability 

also increases. 

 

Figure 6.  Error suppression percentages of c432 circuit vs V dd 

C. c1908 Benchmark 

The proposed technique is applied on the ISCAS 

c1908 benchmark, this circuit works as a 16-bit error 

detector/corrector, with 33 input and 25 output terminals. 

This circuit is chosen to explore the effect of memristor 

element on the soft error probability on long path 

multipath circuits, the same procedure is applied in this 

case, so the probability of soft errors is calculated before 

and after adding the memristor stage to the circuit, the 

memristor element is applied to the circuit with thee 

different values of the initial state variable 𝑥0. 

Figure.7, shows the trade-off relation between Energy, 

Performance, and Reliability. It can be seen from the 

figure the highest reliable performance is obtained when 

the parameter 𝑥0is 9E-4, the reliability curve is very close 

to the value 1, which means high reliable execution at this 

level. The dotted lines in the figure represent the 

projection of the reliability curves on the 2D graph of 

reliability curve, so one surface represents changing the 

reliability with performance and the other one represents 

changing the reliability with energy, from which it is 

possible to obtain the full notion on the reliability trend. 

 

Figure 7.  Energy-Reliability-Performance of c1908 circuit with and 

without the memristor filter 

To have a good understanding of the effect of adding 

memristor element on the error probability, Figure.8 

shows the percentage of error reduction that obtained at 

different values of 𝑥0, and different values of Vdd. At 

𝑥0is equal to    9E-4, the error suppression is not related 

to the Vdd, but at the other two values, it changes 

depending on Vdd values to be at the highest levels at 

subthreshold voltages. 

 

Figure 8.  Error suppression percentages of c1908 circuit vs V dd 

By comparing the reliability improvement that is 

achieved by adding the memristor stage with the 

reliability of the circuit without this stage, we will find 

that the performance or the energy consumption that is 

needed to achieve the same reliability level without 

adding the memristor stage is higher than the energy 

consumption or the performance that is needed to achieve 

with the memristor stage. 

V. THE EFFECT OF THE PROPOSED 

TECHNIQUE ON CIRCUIT PARAMETERS 

    As is mentioned in the aforementioned sections, there 

is a trade-off relation between the three parameters; 

Energy, Performance, and Reliability. By adding the 

memristor stage the circuit gained more reliability, and 

this gain is clear on the previous figures Figure.3, 5, 7, by 

moving the trend of the reliability curve upward to a 

higher level and closer to 1. This improvement in 

reliability is obtained by effecting a reduction in the 

circuit performance and increasing energy consumption. 
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In this section, the performance reduction and the energy 

consumption increase percentages are introduced. 

However, if we compare the same performance of the 

original circuit (the circuit without the memristor 

element) and the circuit after adding the memristor 

element, we will find that the reliability is improved by 

adding the memristor stage. This is applicable to energy 

consumption too. 

The effect of the memristor stage on the performance 

of the chain of inverters circuit is shown in Figure.9, it 

can be seen that the performance is affected most with the 

memristor stage with 𝑥0equal to 9E-4, where at this value 

of initial state variable the reliability improvement level 

was the highest. 

 

Figure 9.  The effect of memristor stage on the Performance of the 
chain of inverters circuit 

Figure.10 shows the effect of the memristor stage on 

the energy consumption, the higher energy consumption 

has occurred when the memristor with𝑥0is equal to 9E-4 

is connected to the circuit, the energy consumption is 

proportional with Vdd. 

 

Figure 10.  The effect of memristor stage on the energy consumption of 
the chain of inverters circuit 

The reduction in the performance of the c432 circuit is 

studied at the three chosen values of 𝑥0, as we mentioned 

earlier this circuit is chosen to represent short paths 

circuit, so in this type of topology, each stage relatively 

has a large contribution on the performance of the whole 

circuit, Figure.11 shows that the highest reduction 

percentage has occurred with 𝑥0equal to 9E-4, and if we 

compared between Figure.9 and Figire.11 it can be 

noticed that c432 circuit is affected by the reduction in 

the performance more than the chain of inverters circuit, 

that is because the logic depth of c432 circuit is less than 

the logic depth of the chain of inverters circuit. 

 

Figure 11.  The effect of memristor stage on the c432 circuit’s 
performance 

The energy consumption increased by adding the 

memristor stage, the percentage of this increase is 

illustrated in Figure.12, the maximum increase is 60%, 

which occurred at Vdd = 1.8V, and at Vdd lower than 

this value the increasing percentage is decreased to a 

negligible value at Vdd lower than or equal 0.6V. 

 

Figure 12.  The effect of memristor stage on the energy consumption of 
c432 circuit 

The last circuit is used to examine our technique is the 

c1908 circuit, as we mentioned earlier this circuit is 

considered as a long path circuit, the effect of the 

memristor stage on performance and energy consumption 

will be less, compared with the c432 circuit. Figure.13 

shows the effect of the memristor stage on the 

performance of c1908, the maximum reduction 

percentage is around 45%, which occurred at Vdd = 

1.6V. In the other two cases when the x0 is equal to 4E-3, 

and 9E-3, where the maximum reduction on the 

performance was 15% and 7% respectively, these values 

can be considered small values compared to the 

improvement that occurred on the reliability. 

Figure.14, introduces the effect of the memristor stage 

on the energy consumption of the c1908 circuit, it can be 

seen that the maximum increasing percentage is 52%, 

this value has occurred at Vdd = 2V, but this percentage 

is decreased at lower Vdd values, For example, at Vdd = 

1 V, this percentage is 16% where the reliability is 

improved at the highest level at this Vdd value. 

 

Figure 13.  The effect of memristor stage on the c1908 circuit’s 
performance 
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Figure 14.  The effect of memristor stage on the energy consumption 
ofc1908 circuit 

By looking at these figures and the reliability figures, 

the provider can choose the best x0 parameter value that 

achieves a good reliability level, depending on the 

criticality of the required task. 

VI. CONCLUSIONS 

The main achievement reported in this paper is using a 

memristor element to improve the reliability of digital 

circuits. In this paper, the memristor element is used as a 

filter stage to increase the resilience of the circuit and 

make it less sensitive to soft errors. 

The reliability metric of digital circuits is improved by 

adding this stage. The memristor is examined by 

changing the value of x0 parameter between three values 

to show its effect on the reliability improvement. The best 

reliability level is achieved at x0 is equal to 9E-4. The 

effect of this stage on the performance and energy 

consumption is studied to build a complete understanding 

of the advantages and disadvantages of this element. The 

area overhead is not a big concern as this element is 

already fabricated at a nanoscale level, so it has not been 

taken on our simulation account. 
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