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Abstract — The main purpose of the paper is to analyze the
parasitic parameters and the mutual inductances between the
neighboring memristors of a memristor memory matrix. An
equivalent substituting circuit of two neighboring memristors
with different parameters of a memristor memory matrix is
given. Then the parasitic capacitance and inductance of a
memristor are calculated. Three possible values of the
coefficient of magnetic connection are used. A SIMULINK
model of the circuit investigated is created. The basic
relationships between the quantities in graphical form are
presented. The main result is that the parasitic parameters do
not strongly affect the memristor voltage drops at frequencies
up to 2 GHz. In the end, some concluding remarks associated
with the magnetic influence between the memristors of a
memristor memory matrix are given.
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I. INTRODUCTION

One of the most interesting and useful properties of the
memristor is the memorizing the full amount of charge
which has passed through it [1, 2, 3]. Many research
investigations and simulations on this nonlinear circuit
element have been made in the last few years [4, 5]. The
main properties and the principle of operation of Williams’s
memristor have been presented [6, 7]. Some physical
dependencies between the basic electrical quantities of the
memristor have been shown in the literature [8, 9, 10]. As
every real electric element the titanium-dioxide memristor
has a parasitic capacitance and an inductance. Realized on
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an integrated circuit every two neighboring memristors have
also mutual inductance. These parameters are dependent of
the memristor chip size and the positions of the elements
[10, 11, 12]. In the papers published no data on this topic
have been found. The main purpose of this paper is to
propose adequate substituting circuit and a suitable
SIMULINK model of the neighboring memristors for
further analysis [13, 14].

In Section II an equivalent substituting circuit of two
neighboring memristors is proposed. The concrete values of
the parasitic parameters and of the mutual inductance are
calculated in Section III. The SIMULINK model based on
the circuit presented and the results of the simulation
realized are given in Section IV. The concluding remarks
are presented in Section V.

II. EQUIVALENT SUBSTITUTING CIRCUIT OF TWO
NEIGHBOURING MEMRISTORS OF A MEMRISTOR MEMORY
MATRIX

The equivalent scheme of the two nearly placed on a
matrix memristors is presented in Fig. 1. The capacitors C;
and C, present memristor’s own capacitances due to the
overlapping between the memristors electrodes. The
inductors L; and L, present the parasitic inductances of each
of the platinum rims. The coefficient M is almost equal to
each of inductances because of the full embracement of the
magnetic flux by both of the platinum rims of the elements.
The coefficient of magnetic influence k has a value which is
very near to 1. In this investigation three values of the
coefficient k are given — k = 0.90, k = 0.95 and k = 0.99.
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Fig. 1. Equivalent circuit of two neighboring memristors of a memory matrix



III. CALCULATION OF PARASITIC CAPACITANCES,
INDUCTANCES AND MUTUAL INDUCTANCE

The capacitances C; and C, are calculated as a
capacitance of a plane capacitor. The parasitic capacitance is
a combination of two capacitances — those of the doped and
of the undoped regions, connected in series. The values of
dielectric permittivity of these two sub-layers are ¢, = 170
and ¢, = 150, respectively. The width of the memristor
electrodes is a = 50 nm. The lengths of the doped and
undoped regions are D; = w; = 1 nm, D, = D-w; = 90 nm.
The equivalent capacitance is given with Eq. (1):
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The numerical result of the parasitic capacitance of the
memristor is Cp,, = 3.10"° F.

The parasitic inductance is calculated with solving of
double definite integral and with using of magnetic field
theory. A conductor with finite length / is disposed over the
z-axis. A permanent current with intensity i flows through
the wire. A current element idl is placed in the centre of a
Cartesian coordinate system — Fig. 2. The induction lines of
the magnetic field are concentric circles which are placed in
planes parallel to the plane x0Oy.
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Fig. 2. Theoretical formulation for determine the coefficient of inductance
of the titanium-dioxide Williams’s memristor

The tangent vector to the circle B(x,z) is the vector of
magnetic flux density. It is determined by the Biot-Savart
law:
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The radius of the sphere on which the point M lies has a
length given with Eq. (3):
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The single vector on the radius-vector of point M is
presented with Eq. (4):
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After transformations we obtain Eq. (5):
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The full magnetic flux obtained by the current element
idl is presented with Eq. (6):
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The full magnetic flux generated by the wire with length
[ is obtained after integration with respect to the coordinate
Z
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The inductance of the memristor is given with Eq. (8):
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=9,4248.10° H =9,4 [nH]

The parasitic inductance of one memristor in the center
of the memory matrix has a value of L = 9,4 nH.

The mutual inductance M is calculated with participation
of the mutual magnetic flux between the parallel wires. Its
value is near to the value of the memristor’s own
inductance.

The parameters of the second memristor are 5 % larger
than the parameters of the first memristor:

C,=1,05.C;=1,053.10"°=3,15.10"° F
L,=1,05L,=10594.10°=9,87 nH
e =emn=1V
Ronz = 1,05.Ron; = 1,05.100 = 105 Q

Rorrz = 1,05.Rppr; = 1,05.16 = 16,8 kQ



The mutual inductance is calculated with the use of the S N
M, =k~/LL, =0,994/9,4.10 .9,87.10 = 9,54 nH
coefficient of magnetic connection k and the inductances of

the memristors: IV. SYNTHESIS OF A SIMULINK MODEL OF THE CIRCUIT

INVESTIGATED AND PRESENTATION OF THE SIMULATIONS

M, =kALL =0,904/9,4.10".9,87.10" = 8,67 nH RESULTS AT IMPULSE MODE

The SIMULINK model of the circuit investigated is

S » presented in Fig. 3. This circuit will be used also for
M, =k,+JLL =0,954/9,4.10 .9,87.10 =9,15 nH analysis of the equivalent circuit when the elements have

manufacture tolerances of their basic parameters [11].
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Fig. 3. SIMULINK model of the circuit investigated

The first simulation is made when only the first voltage The time diagram of mutual inductive voltage drop in
source e; is switched on. The time diagram of the source inductor L, generated by the current i, is given in Fig. 5. It
voltage e, is presented in Fig. 4. The frequency of the signal has a very high value and a complicated form, due to the
is 2 GHz and the magnitude is 1 V. higher harmonics of the current.
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Fig. 4. Time diagram of the source voltage e,(t) Fig. 5. Time diagram of mutual inductive voltage drop uu;,



The time diagram of the memristor voltage drop u,,
caused by the electromagnetic induction is given in Fig. 6.
The voltage presented is made of short impulses with low
magnitude.
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Fig. 6. Time diagram of the memristor voltage drop u,,»

The time diagram of the source power generated is
presented in Fig. 7.
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Fig. 7. Time diagram of the source power

Now we present the results of an experiment when both
sources are switched on. The time diagram of source
voltages is the same as the time diagram in Fig. 4. The
diagram of the source current i; is presented in Fig. 8. Due
to the transient process the plateaus of the impulses are
distorted. The transient is pseudo-periodic. The maximal
value of the first ricochet is about 50 % of the magnitude of
the plateaus of the current pulses.

The time diagrams of the parasitic capacitance currents
are shown in Fig. 9. At first glance the currents i.; and i,
coincide absolutely. The current impulses are with a short
duration.

The memristor currents i,; and i,, caused by both
sources are presented in Fig. 10. The time diagrams of the
currents do not coincide because of the difference of the
resistances of the memristors. The first current i, is higher
than the current of the second memristor i,, because the
resistances of the second memristor are higher than these of
the first element. But the shapes of the current impulses
through the two memristors are the same.
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Fig. 8. Time diagram of the source current i,
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Fig. 10. Time diagrams of memristor currents iy, im2

The time diagrams of the inductive voltage drops over
the inductors L; and L, are shown in Fig. 11. The shapes of
the impulses are similar to that given in Fig. 9.

The voltage drops over the memristors are presented in
Fig. 12. It is clear that the plateaus of the voltage impulses
are distorted. The first ricochet of the impulses is about 40
percents of the plateau of the voltage drop pulses. There are



no losses of information. The pulses of the logical unity and

of the logical zero are clearly expressed.
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Fig. 11. Time diagrams of the inductive voltage drops uy;, ur.
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Fig. 12. Time diagrams of memristors voltage drops

The time diagram of the mutual inductive voltage drops
are calculated at three different possible values of the
coefficient of magnetic influence k. The first diagram for
coefficient k = 0.90 is shown in Fig. 13. The detailed
diagram of the mutual inductive voltage drops shows that
the two voltage drops are almost similar but do not fully
coincide.

The second time diagram is created for k = 0.95 and it is
presented in Fig. 14. It is obvious that the mutual inductive
voltage drops have higher magnitude than the magnitude of
the first case.

The third case is when the magnetic influence between
the two memristors is very strong and k = 0.99. The time
diagram of the mutual inductive voltage drops is presented
in Fig. 15. The shape of the signals is more complicated and
the magnitudes in the beginning of the transient are higher
than the magnitudes of the mutual inductive voltage drops in
the two previous cases. The power transmitted form the first
memristor to the second one is due to the mutual inductive
connection between the two parasitic inductances. The time
diagrams of the power transmitted from the one memristor

to the other and vice versa are shown in Fig. 16. The two
time diagrams coincide almost entirely.
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Fig. 13. Time diagrams of the mutual inductive voltage drops uy;> and upz;
at coefficient of magnetic connection k = 0.9
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Fig. 14. Time diagrams of the mutual inductive voltage drops at coefficient
of magnetic connection k = 0.95

Time diagrams of mutual inductive voltage drops, k= 0,99
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Fig. 15. Time diagrams of the mutual inductive voltage drops at coefficient
of magnetic connection k = 0.99



x10™ Time diagram of the mutual inductive power
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Fig. 16. Time diagram of the power transmitted by the electromagnetic
induction at f = 2 GHz and k = 0.9

Another experiment that has been made is with the
participation of rectangular voltage impulses with frequency
of 20 GHz. The voltage drops across the memristors and the
source voltages are presented in Fig. 17. The shape of the
memristor voltage drops is very different from the ideal
rectangular pulses of the source voltage but still there are no
losses of information.
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Fig. 17. Time diagrams of the source voltages and of memristors voltage
drops at frequency 20 GHz and coefficient of magnetic connection k = 0.99

The results for frequency of 200 GHz are presented in
Fig. 18. In this case all the information is lost.
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Fig. 18. Diagrams of source voltages and of memristor voltage drops at
frequency 200 GHz and coefficient k = 0.99

V. CONCLUSIONS

From the results presented above it is obvious that with
increasing the frequency of the impulse sequence the
parasitic parameters have strong influence on the impulse
distortions. But for signals with frequencies up to 2 GHz
these parameters do not have significant effect on the
impulse signals. The tolerances of the memristor parameters
have stronger influence on the memory matrix
characteristics. Due to the effects of distorting of voltage
impulses by parasitic capacitance and inductance of the
memristor, the memristor voltage drop has front ricochet
which is about 40 % of the magnitude of source pulse
voltage. With increasing of the operating frequency of the
signals the distortions of the pulses increases too. For
frequencies up to 2 GHz the memristor works properly. For
higher frequencies the distortions of the pulses are
significant.
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