Chin. Phys. B Vol. 23, No. 11 (2014) 118402

Memristance controlling approach based on
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The memristor has broad application prospects in many fields, while in many cases, those fields require accurate
impedance control. The nonlinear model is of great importance for realizing memristance control accurately, but the im-
plementing complexity caused by iteration has limited the actual application of this model. Considering the approximate
linear characteristics at the middle region of the memristance-charge (M—g) curve of the nonlinear model, this paper pro-
poses a memristance controlling approach, which is achieved by linearizing the middle region of the M—g curve of the
nonlinear memristor, and establishes the linear relationship between memristances M and input excitations so that it can
realize impedance control precisely by only adjusting input signals briefly. First, it analyzes the feasibility for linearizing
the middle part of the M—q curve of the memristor with a nonlinear model from the qualitative perspective. Then, the lin-
earization equations of the middle region of the M—q curve is constructed by using the shift method, and under a sinusoidal
excitation case, the analytical relation between the memristance M and the charge time ¢ is derived through the Taylor
series expansions. At last, the performance of the proposed approach is demonstrated, including the linearizing capability
for the middle part of the M—g curve of the nonlinear model memristor, the controlling ability for memristance M, and the

influence of input excitation on linearization errors.
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1. Introduction

At present, the memristor has become a hot issue in
physics, materials science, circuits and many other areas.!!=3]
In 1971, Chua proved the existence of the memristor from the
theoretical viewpoint, and concluded that this device has the
memory property of history current.!*! In 2008, the Williams
team from HP Laboratories successfully realized nanoscale ti-
tanium oxide memristors.® Since then, the memristor has at-
tracted widespread attention from researchers.

Owing to the special charge memory characteristics,
the memristor has wide potential applications in ultra-
high density memory devices,!®”l chaotic circuits, 810!
neural networks,!!"'?) programmable circuits,!'*!4! signal

15161 and so on. However, memristor modeling

processing, !
is very important for the applications above, and many re-
searchers have done a lot of good work. Strukov et al. pre-
sented a useful physical model, which is generally called the
linear drift model (or linear model), to analyze the charac-
teristics of the actual memristor devices,®! and then gave a
thermophoresis mechanism for explaining unipolar resistive
switching in metal-oxide—metal memristors.!!”! Yang et al.
studied the conducting filaments model, and discussed the
nature of the filaments and their growth dynamics.!'®! Due
to the effective solution to the boundary problem and capa-
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bility for truly simulating the characteristics of real devices,
the non-linear model has also attracted widespread attention.
Tian et al. proposed a compatible circuit model, and dis-
cussed the coexistence of the dopant drift and tunnel barrier-

based mechanismsH!

. Joglekar and Wolf proposed a nonlin-
ear model with an interesting window function, which could
ensure zero drift at the boundaries. ! Themistoklis ez al. pre-
sented a useful nonlinear dopant drift model that resolved the
boundary issues existing in other reported models.”?!! How-
ever, there exists the problem of implementing complexity
caused by iteration when using the nonlinear model, which
Studies

have shown that linear characteristics in the middle region of

has limited the actual application of this model.

the memristance-charge (M—q) curve of the nonlinear model
memristor would be very useful in practical applications,!'!]
so it is of great importance for discussing a memristance con-
trolling approach based on the linearization of the middle part
of the M—g curve of the nonlinear memristor.

The purpose of this paper is to provide a simple feasible
idea for controlling the actual memristor impedances (espe-
cially multi-impedances). In discussing impedance control of
the nonlinear memristor, the existing literatures usually make
use of the window functions based on memristance M and
state variable x, considering that the relationships between
state variable x and input stimulus are nonlinear iterative, so
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it can conclude that the relationship between memristance M
and input stimulus are also nonlinear iterative, and we cannot
precisely control the memristance M easily by adjusting the
input signals. Indeed, the dynamic variation of the inner state
in the memristor naturally exhibits nonlinearity. So from the
modeling prospect, the nonlinear model has many advantages.
However, it is the nonlinearity which makes the impedances
of memristors hard to control. Thus, a more easily impedance
controlled way is required, and the linearization method could
be a good answer. This paper studies the impedance control
issue based on memristance M and charge ¢, by linearizing
the middle region of the M—g curve of nonlinear model mem-
ristors, and establishes the linear relationship between mem-
ristance M and input excitations. The proposed method can
achieve multiple impedances control of the intermediate re-
gion of the nonlinear memristor, by replacing the iteration op-
erations in hitherto proposed methods. The terminals of the
M—q curve are considered as two different resistance states,
namely low resistance and high resistance states. With such
an idea, we can finally construct an impedance controlled ap-
proach with an interesting form of “a straight line and two
resistance states”.

Considering the approximate linear characteristics at the
middle part of the M—q curve of the nonlinear model mem-
ristor, this paper proposes a novelty memristance controlling
approach. This method, which constructs the linear equations
of the middle region of the M—g curve and derives the analyt-
ical relation between the memristance M and the charge time
t under the sinusoidal excitation case, can provide an alterna-
tive solution for the memristor impedance control and other
relevant applications.

This paper is organized as follows. Section 2 firstly ana-
lyzes the linearization feasibility of the M—q curve of a mem-
ristor based on a nonlinear model from the qualitative perspec-
tive, then constructs the linear equations of the middle region
of the M—q curve by using the shift method, and takes advan-
tage of the Taylor series expansions to derive the analytical
relation between the memristance M and the charge time # un-
der the sinusoidal excitation case. In Section 3, some simu-
lations are performed to demonstrate the method’s linearizing
capability for the M—g curve of a memristor based on a nonlin-
ear model, controlling the ability for memristance M, and the
influence of input excitation on linearization errors. Finally,
conclusions are given in Section 4.

2. Linearization method for the middle region of
the M—g curve of memristor

2.1. Analysis of linear and nonlinear models

This section is used to analyze the linearization feasibility
of the M—q curve of the nonlinear model memristor. The sym-
bol of the memristor is shown in Fig. 1(a), and the general def-

inition of polarity is given as: the terminal with a thick black
line denotes the negative terminal, and the other side is the
positive terminal. When current flows from the positive termi-
nal to the negative terminal, the memristor goes into the state
of low resistance Ron, and when current flows from the nega-
tive terminal to the positive terminal, the memristor goes into
the state of high resistance Ropr. Figure 1(b) shows the lin-
ear model of the TiO, memristor.>] TiO,_, denotes the doped
layer while TiO; represents the undoped layer, and these two
layers are sandwiched between two metal contacts Pt. Let the
thickness of the TiO,_, region be w(¢), which is generally
called the state variable. Let the thickness of the sandwiched

area be D.
fe—o—]
(a)
Ly w(t) <«—
— Pt TiOs_, TiO, Pt
b () " b

(b)

Fig. 1. (color online) The sketch map of the memristor. (a) Symbol of
memristor; (b) linear model of the TiO, memristor.

The relation between the voltage and the current is com-
puted asP!

v(t) = (RONWg)-FROFF <1—Wg))>i(f)~ ()

The memristance M(¢) is calculated

M(t) = Ropr + MW(I). 2)

From the circuit theory, we can obtain the relation between the
charge ¢(¢) and the current i(¢) as follows:

t
q(t) = /0 i(t)dr. 3)
In the condition of linear model,®! the state variable w() can
be obtained by

dw(r)
dr

R
=uv%i<r>, )
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where uy denotes the average dopant mobility. The integral of
Eq. (4) is shown

R
w(t) =ty =3~ q(t) + wo, 5)

where wy is the initial thickness of the doped layer. Substitut-
ing Eq. (5) into Eq. (2), we can get the expression of the mem-
ristance My (¢) as Eq. (6), where the subscript L represents the
linear model of memristors

tvRon (Ron — Rorr)

2 q(t)
(RoN — Rorr) wo
—

My(t) = Rorr +

(6)

The nonlinear model can be constructed based on the lin-
ear model,® and the main difference of these two models is
reflected in the expression of the state variable. The state vari-
able w(t) of the nonlinear model can be computed by multiply-

ing the right side of Eq. (4) with a window function F),(w),!2)
dw(t) Ron .
ar :HVTl(I)Fp(W)- @)

It is noticed that there are many kinds of window func-
tions for memristors based on the nonlinear model; in this
paper, we use the following window function proposed by
Joglekar and Wolf: 201

Fy(w)=1— (2@—1)%, (8)

where p is the nonlinearity parameter. Combining Eq. (8)
with Eq. (7), we cannot achieve the analytical solution of

Eq. (7), so w(z) can only be calculated by using iterative

methodology!!!-2"]
Ron w(t) 2
wt+AT) =~ puy—— [ 1—(2——= — Ag+w(t), (9)
D D
Aq:/i(t)dt:IAT, (10)

where Aq represents the charge increment field to the memris-
tor during the time interval AT'. It is noted that when comput-
ing the Aq using Eq. (10), the input current i(z) during a small
time interval AT can be seen as a constant value /.
Substituting Eqgs. (9) and (10) into Eq. (2), we can obtain
the relation between the memristance My (¢) and the charge
¢q(t), where the subscript NL denotes the nonlinear model of

memristors
My (t +AT)
2p
UvRon (Ron — Rorr) Ag w(t)
~ R 1—12—=—1
OFF + D2 D
Ron —R t
n (RoN — Rorr) w( ). (11

D

Figure 2 demonstrates the M—q curves for the linear and
It is noticed that the M-
q curve for the linear model is expressed by using Eq. (6),

nonlinear models of memristors.

while that for the nonlinear model is represented by Eq. (11)
with three different nonlinear parameters p = 1,2,3. The
parameters of the memristor itself and the external excita-
tion are the same as those in Section 3.1. From Fig. 2, it
can be seen that the M—q relation for the linear model is lin-
ear, while in the condition of the nonlinear model, the M—q
curve is curvilinear. With the increase of the nonlinearity pa-
rameter p, the linear trends of the nonlinear curves become
obvious, and the middle part of the nonlinear curves can be
approximated as a straight line. Similar conclusions can be
seen in Ref. [11]. Hence, we can try to use the linear equa-
tions for describing the middle region of the M—g curve of
memristors based on the nonlinear model, while for the other
regions of this curve, we can consider them as two different
resistance states, namely the state of low resistance and high
resistance, unlike the states of the middle part. By using this
idea, we can construct an approach for impedance controlling
with an interesting form of “a straight line and two resistance
states”. It is noticed that when controlling impedances with
the method above, we should firstly determine two impedance
thresholds M™ (the high resistance state) and M" (low resis-
tance state) at terminals, according to the given impedance
controlled error €. When the actual controlled memristance
M, is less than M", the memristor is considered to be in a
low-impedance state. On the contrary, when the actual con-
trolled memristance M, is higher than M™, the memristor is
considered to be in a high-impedance state. As a result, a bor-
der control problem arises, that is, when the actual impedance
M; is within the low border and high border, how to make
the memristance precisely return to an expected impedance
state M, (between M- and M'). A feasible way is to apply
inverted current firstly to the memristor with continuously
reading the memristance values until its resistor arrives at
one value between M* and MY, then we can get the rela-
tionship between actual controlled impedance M; and charge

——linear model
p=1
p=3
g - -p=5
=)
—
~
Q
Q
<
<
S
19}
s
=
[}
=
2 3 4

Charge/10~* C

Fig. 2. (color online) The M—g curves for the linear and nonlinear mod-
els of memristors.
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q and use this proposed linearization method to achieve precise
control from M, to the expected impedance M.. It is noted that
the proposed method in this paper is very simple and effective
for multiple impedances control of actual memristors.

2.2. Linearization method for the middle region of the
M-q curve of the memristor

Considering the approximate linearity characteristics of
the middle region of the M—q curve for the nonlinear model,
this section constructs the linear equations of the middle part
of the M—q curve by using the shift method, and takes advan-
tage of the Taylor series expansions to derive the analytical
relation between the memristance M and the charge time # un-
der a sinusoidal excitation case.

Supposing that the memristance values of the low and
high resistance states are Ron and Ropr respectively, and the
applied excitation is i(t) = Inax sin(@t), where Iy is the am-
plitude of the input current and @ denotes the frequency of the
current. The implementation of the linearization method for
the middle region of the M—q curve is described in detail as
follows.

Step 1 Apply the input excitation i(¢) = Iyax sin(@t?) to
the memristor. When MI’\,L = Rorr/2, record the excitation
time 7 and use Eq. (3) to calculate the charge g}

Imax 1-
do = ( COS((O’L')). (12)

0}
Step 2 Substitute Eq. (12) into Eq. (6), and calculate the
memristance M{ under the circumstance of a linear model.
Step 3 Compute the memristance difference of two dif-
ferent models AM = My, — Mj , and modify Eq. (6) to obtain
the linear equation of the middle part of the M—q curve for a

nonlinear model as follows:

UvRon (Ron — Rorr)
5 q(t)
D
(Ron — Rorr) wo
D

It is obvious to see that the relation between M(¢) and ¢(t)

M(t) = Rorr+

+AM. 13)

is linear. Because equation (13) is the linear simplification of
the middle region of the M—g curve for the nonlinear model
memristor, there must exist linearization errors. For the given
memristance error €y, by substituting Egs. (11) and (13) into

IM(t) — MnL(1)| < &m, (14)

we can compute the lower bound ¢~ and upper bound ¢V of
the charge ¢(¢) satisfying the error condition &y.

Under the case of given input excitation, it is an impor-
tant way to control the excitation time ¢ for realizing accurate
memristance states. In order to achieve the memristance value
easily and accurately, we also derive the analytical relation be-
tween the memristance M and the charge time 7 under a sinu-
soidal excitation case. The specific realization is described as
follows.

Supposing that the impedance value of the memristor at
time ¢ is M. Combining Eq. (12) with Eq. (13), we can obtain

Imax tvRoN (RoN — RoFr)

M = Rorr + e (1 —cos(wt))
Ron — R
(Ron—Rore)wo | (15)
D
Let
Ron —R Wi
o = Rops + (Ron ~ Rorr) wo DOFF) C+AM, (16)
I R Ron — R
bh— max MV ON(2 ON OFF), a17)
Do
x= r. (18)

From the known conditions, we can see that a and b are
constants, and equation (15) can be simplified as

M=a+b(1—cos(x)). (19)

The Taylor series expansions of cos(x) is given as

x2 x4 xZ 4

-t 4
cos(x) =1-— TR =1 TR +0(x"), (20)
where O(x*) represents the Peano remainder. It is noticed that
equation (20) is established in the condition that x is small
enough and cos(x) is continuous with the differentiability at
x=0.

Considering the computational simplicity and accuracy,
by substituting the first three items of Eq. (20) into Eq. (19),
we can obtain
24(a—M)+36b

b .

Taking into account the boundary conditions of the non-

(* —6)* = @n

linear model and the non negative characteristic of time pa-
rameter 7, we can solve Eq. (21) as follows:

24(a—M)+36b
—

Combining Eq. (22) with Eq. (18), we can further ob-
tain the excitation time ¢ corresponding to the memristance M.

x=6— (22)

Substituting Eqgs. (15)—(22) into Eq. (14), we can easily calcu-
late the lower bound ¢~ and upper bound Y of the excitation
time ¢ satisfying the error condition &y;.

3. Simulations

Three experiments are given to verify the effectiveness of
the proposed linearization method. The first one is used to
validate the linearization capability of the proposed method;
the second one is utilized to examine whether the linearization
method can control the memristance exactly; and the last one
is performed to analyze the impact of input excitations on lin-
earization ability. Assume that the nonlinear model memristor,
whose parameters are set to be Ron = 100 Q, Ropr = 12 kQ,
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D=10nm, gy = 107 m?/V-s and wy = 1073 nm, can be
excited by a source of harmonic current i(¢) = I,y sin(wz).
The nonlinear model makes use of the form as Eq. (8) with the
nonlinearity parameter p = 5, namely F,—s(w). It is noticed
that, in order to describe the change process of the memris-
tance of the nonlinear memristor more clearly, wy is set to be
a small value. Nevertheless, its value does not affect the per-
formance of the proposed linearization method.

3.1. Linearization capability for the middle region of the
M-q curve

The input excitation is set to be i(¢) = Inax sin(®?) with
Inax = 1 mA and @ = 1 rad/s.
method proposed in Section 2.2, we can compute AM =
3.611 kQ, and then obtain for the M—q curve of the nonlin-
ear model memristor with Fj,_s(w)

By using the linearization

M(t) = 1.561 x 10*—1.19 x 10% x ¢(1). (23)

Figure 3 shows the linearization capability for the M—q
curve of the nonlinear model memristor. It is noticed that in
Fig. 3(a), the dash dot line represents the M—q curve of the
linear model, the solid line denotes the M—q curve of the non-
linear model with F},_s(w), and the dotted line is the linearized
M-—q curve of the nonlinear model. From Fig. 3(a), it can be
seen that the linearized M—g curve is in agreement with the
middle region of the M—q curve of the nonlinear model. The
solid line in Fig. 3(b) demonstrates the linearization errors of
the nonlinear model with F,_s(w). From this figure, it can be
seen that the middle part of the error curve is approximately
linear and located close to zero, so we can deduce that the lin-
ear equation (23) can well describe the intermediate portion
of the nonlinear model with F,,_s(w). It can also be seen that
for the other part of the nonlinear model, the linearization er-
rors are large, that is because the nonlinear phenomena of the
two M—q curve terminals of the nonlinear model are very ob-
vious (as shown in Fig. 3(a)). It is noticed that in practical
applications, we can consider the terminal regions, which are
different from the middle regions of the M—¢q curve, as two
different resistance states, namely the state of low resistance
and high resistance. The dotted line in Fig. 3(b) shows the lin-
earization errors of the nonlinear model with Fj,_s(w) under
the condition of &y = 50 Q. Using Eq. (14), we can com-
pute the lower bound ¢~ = 3.983 x 107> C and upper bound
gV = 1.208 x 107* C of the charge ¢() satisfying the error
condition &y;. Substituting Eqgs. (15)-(22) into Eq. (14), we
can also calculate the lower bound & = 0.2832 s and upper
bound Y = 0.4967 s of the excitation time ¢ corresponding to
the charge ¢(r) above. It is noticed that the real charge time
corresponding to the lower bound ¢* and upper bound ¢V of
the charge ¢(¢) are also exactly 0.2832 s and 0.4967 s sepa-
rately. So this experiment, to a certain degree, verifies that the

linearization method can realize accurate control of the mem-
ristance values, by using the analytical relationship between
the memristance M and excitation time ¢.

(a)
. linear model

- .
’ —— nonlinear model
o linearization curve

16

12

Memristance/103 Q
o

0 ) >
0 0.5 1.0 1.5 2.0
Charge/10~* C
4
(b)
— linearization error
2 . EM Error

Memristance error/103 Q
=

0 0.5 1.0 1.5 2.0
Charge/10~4 C

Fig. 3. (color online) The linearization capability for the M—g curve of
the nonlinear model memristor. (a) Linearization for the M—g curve; (b)
linearization errors.

3.2. Control capability of the memristance

This section is used to validate the memristance control
capability of the proposed method. The parameters of the in-
put excitation are the same as those in Section 3.1. By using
Eq. (23), this experiment tries to realize nine different mem-
ristances, namely 10 kQ, 9 kQ, 8 kQ, 7 kQ, 6 kQ, 5 kQ, 4 kQ,
3 kQ, and 2 kQ. Through Egs. (15)-(22), we compute the
corresponding excitation time as 0.3080 s, 0.3348 s, 0.3595 s,
0.3827 s, 0.4046 s, 0.4254 5, 0.4454 5, 0.4645 s, and 0.4829 s,
respectively. Figure 4 shows the linearization errors of the nine
different required memristances.

From Fig. 4, it can be seen that the memristance errors,
which are corresponding to the seven different memristances
9 kQ, 8 kQ, 7 kQ, 6 kQ, 5 kQ, 4 kQ, and 3 kQ), are less
than 0.25 Q, namely 0.002% of the maximum memristance of
the memristor. Among these seven memristances, the mem-
ristance error corresponding to 6 kQ is minimum and is ap-
proximately equal to zero. That is because 6 kQ is just the
mean value of the maximum memristance and the proposed
linearization method takes the mean point as the transforma-
tion reference point. From Fig. 4, it can also be seen that the
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memristance errors corresponding to 10 kQ and 2 kQ, which
are approximately equal to 5.6 Q and 7.2 Q respectively, are
larger than those of the other seven memristances. That is
because the nonlinear phenomena of the two M—q curve ter-
minals of the nonlinear model is obvious, and the proposed
linearization method focuses on controlling the memristances
of the middle part of the M—q curve. However, the lineariza-
tion errors corresponding to 10 kQ and 2 kQ are still less than
0.06% of the maximum memristance of the nonlinear mem-
ristor. Therefore, it can be concluded that the linearization
method proposed in this paper has a better control capability of
the memristances in the middle region, while for the other re-
gions (for example, the required memristances are larger than
10 kQ or less than 2 kQ), the memristances can be classified
into two different resistance states, namely the state of low re-
sistance and high resistance.

Memristance error/

2 kQ
0.40 0.44 0.48

0.32 0.36
Excitation time/s

Fig. 4. (color online) The memristance control capability of the lin-
earization method.

3.3. Influence of the input excitation on linearization abil-
ity

Considering that the input excitation is set to be a source
of harmonic current i(¢) = Iyax sin(®t), this section is per-
formed to analyze the impact of the input excitation on the
linearization errors and the excitation time, in the condition of
the input current with different amplitude Iy« and frequency
@. There exist two experiments. The first one simulates the
impact of the input excitation current, which is with a con-
stant amplitude I, (1 mA) and five different frequencies @
(0.5 rad/s, 1 rad/s, 2 rad/s, 4 rad/s, and 8 rad/s), on the lin-
earization ability. The influence of the input excitation with
different frequencies on linearization ability can be seen in
Fig. 5.

Figure 5(a) demonstrates the linearization errors in the
condition of & = 50 Q. It can be seen that the lineariza-
tion error curves of different frequencies are almost the same,
namely, the effects on linearization errors caused by frequency
changes can be almost ignored. Figure 5(b) shows the distribu-
tion of the excitation time corresponding to different frequen-
cies in the condition of &y = 50 Q, and the figures in differ-
ent rectangles (dashed line) denote the corresponding lengths

of the excitation time intervals satisfying the error condition
ey = 50 Q. It can be seen that with the increase of the fre-
quency o, the lower bound, upper bound and interval length
of the corresponding excitation time decrease gradually. So it
can get the conclusion that the frequency changes can affect
the charging time of the nonlinear memristor. As shown in
Section 2.2 above, equation (20) is established under the con-
dition that x is small enough and cos(x) is continuous with the
differentiability at x = 0. We can also deduce from Eq. (18)
that the variable x is proportional to the frequency ®. In such
a situation, a feasible way for precise memristance control re-
quires the control accuracy of the excitation time ¢ to be small
enough to ensure that the variable x can be maintained at a
lower value.

40| 111 w=0.5rad/s |
0 w=1rad/s
o rw=2rad/s
= 20} —— w=4rad/s
o —— w=28rad/s
8
§ of
3
S
8
2 —20t
5
=
—40}
2 4 6 8 10 12 14
Charge/10=° C
0.7 >G5 (b) —&— lower bound
—e— upper bound
" 0.6 [, 0.2988
> 0.4967
g 05¢ : -
ﬁ 0.4 | 02135
-E 0.39%9
.S 0.3} 0.2465
2 0.1741
4 0.2} -
0.0894
0.1f 0.1413 -
0.0999
0 1 1 1 1 1
0.5 1 2 4 8 9

Current frequency/rad-s—!

Fig. 5. (color online) Influence of the input excitation with different fre-
quencies on linearization ability. (a) Linearization errors in the condi-
tion of gy = 50 Q; (b) the distribution of excitation time in the condition
of ey =50 Q.

The second experiment analyzes the influence of the input
excitation with five different amplitudes on the linearization
ability. The input current is set to be with four different am-
plitudes I.x (1 mA, 2 mA, 4 mA, and 8 mA) and a constant
frequency @ (1 rad/s). The influence of the input excitation
with different amplitudes on linearization ability can be seen
in Fig. 6.
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40} (a) Inax =1 mA
LT Thax =2 mA
G
™~ — [ nax =4 mA
5 20f
2 —— Ipax=8 mA
o}
)
2 0
<
S
2
1=
£ —20f
()
p=
—401
2 4 6 8 10 12 14
Charge/10~° C
(b) 1 b d
0.4967 —H—lower boun
0.5r - —&—upper bound
2
o 0.4} ]
£
=
el
g
a 02 L 4
"
=
0.1} ]
0 1 1 1 1
0 1 2 4 8 9

Current amplitude/mA

Fig. 6. (color online) Influence of the input excitation with different am-
plitudes on linearization ability. (a) Linearization errors in the condition
of ey = 50 Q; (b) the distribution of excitation time in the condition of
em =50 Q.

Figure 6(a) demonstrates the linearization errors in the
condition of &y = 50 Q. It can be seen that the linearization er-
ror curves of different amplitudes are almost the same, namely,
the effects on linearization errors caused by amplitude changes
can be almost ignored. Figure 6(b) shows the distribution of
the excitation time corresponding to different amplitudes in
the condition of &y = 50 Q, and the figures in different dashed
line rectangles denote the corresponding lengths of the exci-
tation time intervals satisfying the error condition &y = 50 Q.
It can be seen that with the increase of the amplitude Ij.x,
the lower bound, upper bound and interval length of the cor-
responding excitation time also decrease gradually. So it can
conclude that the changes of the input excitation current can
also influence the charging time of the nonlinear memristor.

From the two experiments above, we can see that the ef-
fects on linearization errors, caused by the changes of frequen-
cies and amplitudes of the input excitation current, can be al-
most ignored. But the changes of these two factors can influ-

ence the charging time of the nonlinear memristor obviously.

4. Conclusions

This paper proposes a memristance controlling approach,
by linearizing the middle region of the M—g curve of the non-
linear model memristor. For the terminal regions of the men-
tioned curve, we can consider the corresponding memristances
as two different resistance states, namely the state of low re-
sistance and high resistance. Simulation results show that the
proposed method has a good linearizing capability for the mid-
dle part of the M—q curve and accurate controlling ability for

memristances. Although the effects on linearization errors

caused by the changes of frequencies and amplitudes of the
input excitation current can be ignored, the influence caused
by the changes of two such factors on the charging time of
the nonlinear memristor is obvious. This study could offer an
alternative solution for controlling memristor impedances and
other relevant applications.
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