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The memristor, a device which relates charge, g, and magnetic flux, ¢, was postulated
to exist by Chua in 1971 [1] via the relation: dp=M(q(t)) dq, where M(q(t)) is the
memristance, which is a charge-dependent. This theory wasn’t related to an
experimental device (despite several such devices having been fabricated) until 2008
[2] when Strukov et al put forward a phenomenological model of the form:

M(q(t)) = Rost (1- Rost Ron S8 ¢(t)) where Ry is the resistance of the TiOj, Ron is the
resistance of the auto-doped TiO(,.x) and S=u,/D? where £ is here called the material
parameter. This model expressed the expected hysteretic behaviour of the device but
included no magnetic flux. Because of this, and because of the lack of experimental
measurements of a magnetic flux which fit the memristor equations, questions have
been raised about whether the Strukov memristor is a real Chua memristor at all [3]
and even if the Chua memristor might only be a theoretical curiousity with nothing to
do with resistive switching memories or ReRAM.

Here it is demonstrated that the relevant charge to put into Chua’s equations is not the
electronic charge ge. but the vacancy charge q,. Using electrodynamical theory, we
can then calculate the flux of the vacancy charge flow, J. J is given by:
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Where, uy, is the vacancy ion mobility, L is the average electric field and D E F is the
volume of TiO, in the memristor. The titanium dioxide layer is D thick, crossed
electrodes of width E and F, the boundary between TiO; and TiO.x) is W and moves
over time as a function of the total charge of oxygen vacancies. We can calculate
associated magnetic field at as experienced at a point p and time t, B(p), where
p={X,y,z}, located outside of the memristor:

B(p) = (uo/4m) A L 11y qv {0, -x 2 Py, Xy P;} .

Where A is the area we calculate B over (ie the side of the memristor) and Py and P,
are complicated terms which only include the dimensions of the titanium dioxide
layer, (D, E and F), in the memristor, these terms are dependant on g, as the boundary
between TiO; and TiO(.-y), W, changes with g, (and time as qy is time-dependent).
Note that the form of the vector arises from the x direction is taken to be the direction
of vacancy current flow (ie. w and D are measured on the x axis).

This magnetic field gives rise to the following magnetic flux passing through a
surface i-j (again the side of the memristor, note the flux is zero in the plane
perpendicular to the vacancy current flow):

o= (uo /A7) 1 j L 1ty Px Q.

From comparison with Chua’s definitions, we get the following equation for
memristance (note we have explicitly put in the time dependence here):



M(av(t))= (uo/4m) i j L pay Pr(au(t)) ..

which u, Px(qy(t)) is also called, 3, the material parameter. The existence of this
equation for memristance, which relates charge and flux, and which is only dependent
on one state variable (), in the Strukov memristor shows that it is a true Chua
memristor.

The calculated flux for Strukov memristor is 2.44x10%° Wb (approximately 100 000
times smaller than the conducting electron’s magnetic flux) and its tiny value explains
the lack of experimental measurements.

To understand the measurable 1-V curves, we need to look at the memristor as a two
layer system and include both the effects of the true Chua memristance between the
vacancy charge (called the magnetic subsystem as it contains the magnetic flux) and
flux as well as the measurable effects of this ionic motion on the electronic current
(the electronic subsystem).
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First we need to calculate the memory function, Me.(t) = C M(q(t)) where C is an
experimentally determined parameter related to the different mobilities for electrons
and vacancies and is the Chua memristance as experienced by the conducting
electronic current, this covers resistance change in the TiO(.., part of the memristor.
We then need to include an expression for the time varying resistance of the TiO,,
which is called the conservation function (as it keeps space conserved in this model)
and it is given by:

Reon(t) = [ (D —w(t) ) prio2 ]/ (EF) .

The total time varying resistance of the device, Riy(t), is then given by:

Riot(t) = M(qu(t)) + Reon(t). Riot(t), the memory function and conservation function are
all memristances in that their resistance varies with time as a result of a vacancy flow,
but only the Chua memristance directly relates charge and magnetic flux.

Further details are given in [4].
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