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Problem description

Memristor is the famous fourth basic electric circuit element postulated by
Leon Chua in 1971. The discovery of the physical solid-state structures
having memristive characteristics by the HP scientists in 2008 has attracted
enormous interest in the scientific community.

Model of the memristor and its equivalent symbol. (1-doped region (TiO2_,),
2-undoped region (TiO2), 3-metal contact)
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HP Memristor model

The HP memristor is a nano-scale sandwich-like structure build on the TiO5
and oxygen-poor TiOs_, between two platinum electrodes. The total
thickness of this structure is denoted by the parameter D. If one applies
some voltage across this structure the electric field the T905_, layer changes
its thickness w with the average mobility of the oxygen vacancies p,. So the
functions of w(t) € (0, D) depend on the electrical variables that the
memristor is subject to. The relations between the voltage and current can
be formulated as:

um (t) = RON% + Rorr (1 = wl(;f))] i (t) (1)
d%t) = Mv%im(t) ()

The Ron and Ropr are the minimum and maximum resistance for w = D
and w = 0, respectively.
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Memristor sinusoidal response

a) - The typical zero-crossing pinched hysteresis loop as the memristor
response for the sinusoidal excitation (Upax = 1V).
b) - The voltage and the current in the memristor and the w(t) function vs

time ¢ for f = 0.5Hz.
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The presented graphs has been achieved using the typical HP memristor
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parameters:
Ron = 100 Q, Rorr/Rox = 160, p1, = 1071 cm?s71V~—1, D = 10 nm,
Upmaz =1 V.

B. Garda, M. Ogorzatek Modelling the generic TiO, memristor with the parasitic components



Parasitic elements

In reality the memristors have some parasitic parameters which should be
taken into consideration. As memristor has the sandwich like structure it has
some parasitic capacitance. Also parasitic inductance should be considered as
the solid-state structure is connected to the environment by wires.
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Memristor with parasitic inductor

Parasitic inductor L, connected in series with the memristor M

Two dimension state equation is as follow:

{C‘é;ﬂ = £ (u(t) = (Row=(0) + Rowe (1 =2(0)in()

?Tf = Mo RDozN I (t)

Where z(t) = w(t)/D € [0, 1].
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The pinched hysteresis loop of the memristor with the

Lp (f = 0.5Hz).
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Memristor with parasitic inductor

The coordinates of the pinched points for different parasitic inductance values

(f = 0.5Hz).

| L, UMV 1A |
5H | -500.7 | -4545.5
500mH | -78.23 | -619.3
50mH | -8.575 | -72.7
5mH | -0.831 | -5.765
500uH | -0.0697 | -1.266
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The v-i characteristics for different parasitic inductive component for the frequency

f = 5Hz.
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Memristor with parasitic capacitor

Parasitic capacitor C), connected in parallel with the memristor M

The basic equation is:

du

(4)
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Memristor with parasitic capacit

C,=104F
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Pinched hysteresis loop of the memristor with different parasitic capacitance
component for the frequency f = 0.5Hz.
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Memristor with parasitic capacitor

The coordinates of the pinched points for different parasitic capacitance values
(f = 0.5Hz).

| G [umvI] Al |
10uF | 206 | 45.1
5uF | 887 | 218
500nF | 852 | 2.163
50nF | 0.862 | 0.2162
5nF | 0.086 | 0.217
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C,=10/F

i[mA]
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The v-i characteristics for different parasitic capacitance component for the frequency
f = bHaz.
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Memristor model with the parasitic elements
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State equations for the memristor model with parasitic components.

dt_i(u*um*Ep) (5)
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Memristor model with the parasitic elements
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The pinched hysteresis loop of the memristor model with parasitic
components L, = 5mH and C}, = 1 uF for f = 0.5 Hz.
The pinched point is shifted to (u,i) — (41.1mV,7.16uA).
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Memristor model with the parasitic elements

Change the voltage source with the current source
u(t) = j(t) = Jmaxsin(2w ft)A
Then the state equation is reduced to 2nd dimension:

{dg{” = é,, (] - Z.m) (6)

% = Hv RD02N im (t)

This approach makes the calculations much faster and more stable.

If the maximum value of the current source is Jax =~ 95.3uA, the voltage
response belongs to the interval of [—1, 1] volts and the graph is nearly the
same as on the previous graph.
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Memristor model with the parasitic elements
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The hysteresis loop of the memristor model with parasitic components
L, =5 pH and C), = 5 nF for f = 0.5 Hz.
The pinched point is shifted to (u,i) — (210pV,37nA).
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Memristor model with the parasitic elements
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Hysteresis loop of the memristor model with parasitic components
L,=5mH and Cp, =1 uF for f =1 Hz.
The pinched point is shifted to (u,i) — (436mV, 38.5uA).
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Memristor model with the parasitic elements
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The hysteresis loop of the memristor model with parasitic components L, = 5 mH and
Cp =1 pF for variable frequencies.
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clusion

The tested inductance and capacitance values are much higher then those
that we can meet in reality. The experimental results show that the
capacitance and inductance can reach the values of some nano Farads and
some tens of nano Henrs accordingly.

When the single memristor works at the low frequency its parasitic
components may be neglected, but in many application, for example, when
the memristor arrays are used the problem returns and deeper studies are

necessary.
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