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2008 c¨Ê¢�¿� Williams � [1] 3B�º
Ýe¤õ��Ñ
Äu7áÚ7á�zÔ�Á{
��, dd, Á{��É�
�'+�ïÄ<
�
2�'5 [2−12]. <�éÁ{����5z©Û!
Cq©Û!5�Úd3A^?1
2�ïÄ, �ù

ïÄ�Û�uÃ>.Á{���5�ÚA^, 
y¢¥�Á{��k>., k>.Á{���Ã>
.Á{���'äkÕA�5�. ¤±, �©A^
k>.Á{���êÆ�.©ÛÙ3>´¥�5
�, ¿éÙd3A^?1ýÿ.

2 k>.Á{���êÆ�.

©z [1] ¥�Ñ�>6-yeÁ{���>
Ø>6'X�·^uÃ>.Á{��, �
ïÄ>
N!>a�k>.Á{��G!¿é>´�A5,
I�é©z [1] ¥�Ñ�>Ø>6'X?1?�.

é©z [1] ¥�Ñ�>6-yeÁ{���>
Ø>6'X?1k>.?�Xe:

dw(t)
dt

=


µv

Ron

D
i(t) w ∈ (0, D),

0 i(t) < 0, �w = 0;

i(t) < 0, �w = D,

(1)

u(t) =
[
Ron

w(t)
D

+ Roff

(
1 − w(t)

D

)]
i(t), (2)

Ù¥ D L«Á{����Ý, w ´L«Á{��
��,°Ý, µv L«lf3þ!|¥£Ä�¹�~
ê, Roff L«Á{���Ü��,��>{�, Ron

L«Á{���Ü�,��>{�, i L«ÏLÁ
{���>6, u L«Á{��üà�>Ø, t L«
�m.

©z [12] ¥�Ñ
>Ø-yek>.Á{�
��êÆ�., >Ø>6'XXe:

i(t) =



− D

2µvRonA

1√∫ t

t1
u(t)dt

A
+

B2

4A2
− C ′

A

u(t)

w ∈ (0, D),

u(t)
Roff

w = 0,

u(t)
Ron

w = D,

(3)

Ù¥

A =
1

2µv
− Roff

Ronµv
, B =

DRoff

Ronµv
,

C ′ =
Roff

2Ronµv
w2(0) − 1

2µv
w2(0) − DRoff

Ronµv
w(0).
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3 k>.Á{��Ä�>´�5�

3.1 ÁÁÁ{{{���������>>>NNNGGGééé

éã 1 ¤«�Á{���>NGé�>´, b
�ÏL�>6� i(t) = Im sin(2πfit), w(0) = 0, Im

L«>6¸�, fi �>6ªÇ, ã¥ M L«Á{
��.

i↼t↽
M

u↼t↽

ã 1 Á{���>NGé�>´

� w ∈ (0, D) �, é (1) ªÈ©¿�\ (2) ª,
dÄ�¿Å>Ø½Æ (KVL) �

u(t) =
[
Ron

D

∫ t

−∞
µv

Ron

D
i(t)dt

+ Roff

(
1 − 1

D

∫ t

−∞
µv

Ron

D
i(t)dt

)]
i(t)

+
∫ t

0

1
C

tdt

=
[
µv

R2
on

D2

∫ t

−∞
i(t)dt

+ Roff

(
1 − Ronµv

D2

∫ t

−∞
i(t)dt

)]
i(t)

+
1
C

∫ t

0

tdt

=
{

µv
R2

on

D2
f(t) + Roff

[
1 − Ronµv

D2
f(t)

]}
i(t)

+
1
C

f(t),

Ù¥ C �>N���>N�, dd��:

u(t) =



Roff i(t) +
1
C

f(t) w = 0,{
µv

R2
on

D2
f(t) + Roff

[
1 − Ronµv

D2
f(t)

]}
i(t)

+
1
C

f(t) w ∈ (0, D),

Roni(t) +
1
C

f(t) w = D,

(4)

Ù¥ f(t) =
Im

2πf
[1 − cos(2πfit)]. � Ron = 100 Ω,

Roff = 12560 Ω, ����ýã/Xã 2 Úã 3 ¤
«.

dã 2 ��, >6ªÇØÓ, >´�A5ØÓ,
ªÇ�$, >´�>{Cz����, ���

�Cu��. Á{��Ú>NGé�>´� i-u 
��,´� “8” i/, �´®²Ø¤¥%é¡, ��
:� ��þ £, ùÌ�´É�>N�K�. U
CªÇ�±UC “8” i��:� �, ªÇ���
�:� ��$, ØÓ�>N�, “8” ��:� �
�ØÓ, >N��$, ��:éA�>6��, ��
>´� i-u ��Cu�. ã 2 ¥ªÇ� 2.5 kHz
�, Á{���
>., >´� i-u �u)
'�
��Cz, Ñy
��Ü©, c�²w.
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dã 3 �±wÑØÓ>N�é>´A5�K
�. >N��$, >Né>´A5�K��²w, >
{�Cz����, ��>ØCz��ú. ù´
du>N���, >N���>{��, é>´A
5�K���.
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3.2 ÁÁÁ{{{���������>>>NNN¿¿¿ééé

éã 4 ¤«Á{���>N¿é�>´, b�
üà�>Ø� u(t) = Um sin(2πfut),w(0) = 0, Um

L«>Ø¸�!fu �>Ø�ªÇ.
� w ∈ (0, D) �, d (3) ªÚÄ�¿Å>6½

Æ (KCL) �

118101-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 118101

i(t) = − D

2µvRonA

1√∫ t

t1
u(t)dt

A
+

B2

4A2
− C ′

A

u(t) +
1
C

du(t)
dt

= − D

2µvRonA

1√√√√ Um

2πfu

[
cos(2πfut1) − cos(2πfut)

]
A

+
B2

4A2
− C ′

A

u(t) + 2πfuCUm cos(2πfut),

dd��

i(t) =



u(t)
Roff

+ f(t) w = 0,

− D

2µvRonA

1√√√√ Um

2πfu
[cos(2πfut1) − cos(2πfut)]

A
+

B2

4A2
− C ′

A

u(t) + f(t) w ∈ (0, D),

u(t)
Ron

+ f(t) w = D,

(5)

Ù¥ f(t) = 2πfuCUm cos(2πfut).
� Ron = 100 Ω, Roff = 12560 Ω, ����ý

ã/Xã 5 Úã 6 ¤«.

i↼t↽

M

u↼t↽

ã 4 Á{���>N¿é�>´
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dã 5 �±wÑ, ªÇØÓ, >´�A5ØÓ,
ªÇ�$, Á{���N´��>., �Ñya
C, �ªÇ�$Á{��?u>.G���m�
�, aCüá��>Ø��p. �´ªÇ¿ØK�
aC�åa:, ù`²��>Ø�¸��½, ØÓ
ªÇÁ{����>.��>Ø��, �´lm>
.G���>Ø%ØÓ. ªÇ� 10 kHz �Á{��
Ø¬��>.G�, =Á{��ù��±w¤´Ã
>.�. dã 5 �±wÑ, ªÇ� 10 kHz � i-u 
�d� “8” i/C¤
ý�/.
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:Úüá:ÑØC, `²>N�ØK�Á{���
�>.. ùÌ�´du¿é>´�|´�>Ø´�
Ó�.
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3.3 ÁÁÁ{{{���������>>>aaaGGGééé

éã 7 ¤«�Á{���>aGé�>´, b
�ÏL�>6� i(t) = Im sin(2πfit), w(0) = 0.

i↼t↽
M

u↼t↽

ã 7 Á{���>aGé�>´

� w ∈ (0, D) �, é (1) ªÈ©¿�\ (2) ª,
d KVL �

u(t) =
[
Ron

D

∫ t

−∞
µv

Ron

D
i(t)dt

+ Roff

(
1 − 1

D

∫ t

−∞
µv

Ron

D
i(t)dt

)]
i(t)

+ L
di(t)

dt

=
[
µv

R2
on

D2

∫ t

−∞
i(t)dt

+ Roff

(
1 − Ronµv

D2

∫ t

−∞
i(t)dt

)]
i(t)

+ L
di(t)

dt

=
[
µv

R2
on

D2
f(t) + Roff

(
1 − Ronµv

D2
f(t)

)]
i(t)

+ 2πfiIm cos(2πfit),

Ù¥ L L«>a���>a�. dd��

u(t) =



Roff i(t) + g(t) w = 0,{
µv

R2
on

D2
f(t)

+Roff

[
1 − Ronµv

D2
f(t)

]}
i(t)

+g(t) w ∈ (0, D),

Roni(t) + g(t) w = D,

(6)

Ù¥
g(t) =2πfiIm cos(2πfit),

f(t) =
Im

2πfi
[1 − cos(2πfit)].

� Ron = 100 Ω, Roff = 12560 Ω, ��Xã 8 Úã 9
¤«��ýã/.

dã 8 �±wÑªÇé>´A5k²w�K
�. ªÇ�$, >´�>{Cz�ú, ���Cu

��. Á{��Ú>aGé�Á{��Ú>NGé
�«O3u “8” i/���:�e £, �ªÇ
�p, � “8” i/���:�$. ùÌ�´duª
ÇQK�Á{��{��Cz, qUC>a���
>{�{�, ªÇ�p, >aé>´�K��²w.

dã 9 ��, >a�ØÓ, >´�A5�Ø
Ó. >a���, >aé>´�K���, i-u �
� “8” i/��:� ��$.

é'ã 8 Úã 9 �±wÑ, ªÇÚ>a�ÑU
K� i-u �� “8” i/��:� �. ã 8 ¥ª
Ç� 2.5 kHz �, Á{����
>.G�, >´
� i-u �Ñy�5Ü©, c�²w. ã 9 ¥ØÓ>
a�e�Á{��Ñ��
>.G�, `²UC>
a�Ø¬K�Á{����>.G�.
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3.4 ÁÁÁ{{{���������>>>aaa¿¿¿ééé

éã 10 ¤«Á{���>a¿é�>´, b
�üà�>Ø� u(t) = Um sin(2πfut), w(0) = 0.

� w ∈ (0, D) �, d (3) ªÚ KCL �
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i(t) = − D

2µvRonA

1√∫ t

t1
u(t)dt

A
+

B2

4A2
− C ′

A

u(t) +
1
L

∫ t

0

u(t)dt

= − D

2µvRonA

1√√√√ Um

2πfu
[cos(2πfut1) − cos(2πfut)]

A
+

B2

4A2
− C ′

A

u(t) +
Um

2πfuL
[1 − cos(2πfut)],

dd��

i(t) =



u(t)
Roff

+ f(t) w = 0,

− D

2µvRonA

1√√√√ Um

2πfu
[cos(2πfut1) − cos(2πfut)]

A
+

B2

4A2
− C ′

A

u(t) + f(t) w ∈ (0, D),

u(t)
Ron

+ f(t) w = D,

(7)

Ù¥

f(t) =
Um

2πfuL
[1 − cos(2πfut)].

� Ron = 100 Ω, Roff = 12560 Ω, ��Xã 11 Ú
ã 12 ¤«��ýã/.
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M

u↼t↽

ã 10 Á{���>a¿é�>´

0.00

0.02

0.04

-4 -2 0 2 4

i/
A

u/V

fu=5 kHz

fu=2.5 kHz

fu=10 kHz

ã 11 Á{���>a¿é�>ØªÇé i-u ��K�

dã 11 �±wÑÁ{��Ú>a¿é�, >
´�i-u�Ø2´ü�Á{���� “8” i/. d
uªÇQUUCÁ{���>{Cz�¹, �U
UC>a3>´¥�>{, ¤±ªÇ�p, >aé
>´�K��²w; ��, ªÇ�$, Á{��é
>´�K��²w. lã 11 ��wÑ, ªÇ� 2.5
Ú 5 kHz �Á{��Ñ��
>.G�, �Ñy

²w�âC. ��>a�Á{��¿é�¿vk
UCÁ{����>.�^�, ù´Ï�¿é>´
ü|´�>Øþ�-y>Ø. ¿é¦>´�oN>
6u)Cz, >´�N� i-u �l� “8” i/C
¤ã 11 ¤«�/G. lã 12 �±wÑ, >a��é
>´�K���, aC�Ø²w. é'ã 11 Úã 12
��, >aØK�ã��aC:, ªÇ�±UC
>´�aC:. ªÇ�$aC�>Ø���, ùÌ
�´duªÇ�$, Á{��3>.Ê3��m�
�, aC��.
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4 k>.Á{���A^

4.1 ÁÁÁ{{{������333¯̄̄���ÖÖÖ���¥¥¥���AAA^̂̂

Á{��� i-u �É-y>ªÇ!�,>
{'ÚÐ©�,°Ý�K� [12]. -y>�ªÇ
��, Á{��3 Ron Ú Roff �m�=��Ý�
¯, �´ªÇ��, Á{����Cu�5>{, {
�Cz���, aC�Ø²w.
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ã 13 Á{��üà�>Ø¸�é i-u ��K�

ã 13 �ØÓ>Ø¸��� i-u �, ��>Ø
¸���, Á{���N´��>.G�, �a
C�²w. 3pª�, �,�±ÏLO�>Ø5¦
Á{����>.G�, ¢y'���>6½>Ø
aC. ù�Ò�±)ûpªaCØ²w�":, l
��ÏLÁ{��3pª>Øe¢y¯�Ö�.

4.2 ÁÁÁ{{{������333NNNªªª¥¥¥���AAA^̂̂

3�5>´¥, ÑÑ&Òo´�Ñ\&ÒÓª
Ç, Ø�U�)#�ªÇ¤©, XJæ^��5ì
�, �U¬¦ÑÑ&ÒÅ/�)��5�ý, �)
#�ªÇ©þ. duOþÁ{ M(q) �Cz�Á{
��� i-u �´��5� [2], �±ò>6 i ^>
Ø u Ðm�eª¤«��?ê

i = a0 + a1u + a2u
2 + a3u

3 · · · . (8)

b½Cq���g�, =

i = a0 + a1u + a2u
2, (9)

�Ñ\� u(t) = Um cos(2πfut) �, �\ (9) ª�

i =a0 + a1Um cos(2πfut)

+ a2U
2
m cos2(2πfut)

=I0 + I1m cos(2πfut)

+ I2m cos(4πfut),

Ù¥
I0 = a0 +

1
2
a2U

2
m,

I1m = a1Um,

I2m =
1
2
a2U

2
m.

DÚ�Nª>´d�4+���|¤, �4+
� i-u �´�½�, Á{��� i-u �É-
y>ªÇ!�,>{'ÚÐ©�,°Ý�K�,
¤±�±ÏLUCù
ëê, ��ØÓ� i-u �,
¢y�õ«a�Nª>´. DÚNª>´I��O
ëê4�4+ó�3��5«, Á{����Ò
´��5��, ØI���>´ëê¦Ùó�3�
�5«. ¤±Á{��3Nª!&Ò?n��¡k
2,�A^cµ.

4.3 ��� ;;;

k>.�Á{��� i-u �k²w�aC,
�3�>a!>N�G¿é>´¥aC�,é
²w, �±|^Ù�)�p$>²¢y 0, 1 �;,
�DÚ��;ì��', Á{���>{´Ù��
�G�, |^Ù?1&E�;, �;ÚÖ�Ñ�±
´=�5�, �Ý¯. Ó�>´¥vk>N!>a
�¿�>L§, 3ØUC�;&E�, >´ØÑ>.
ÏdÁ{��äkNÈ�!ÑU$�`:, A^c
µ�~2�.

4.4 \\\���ÏÏÏ&&&

Á{��´;.�Ã��5��, Ù i-u 
�´� “8” i/, 3¹kÁ{�����5>´¥
¬�)·by� [13−16], äk�~Ð��Å5. 3
Á{���>N!>a�G!¿é>´¥, �±Ï
LUC>N½>a�éN´/UC>´ i-u ��
/G, ÏLù«��5>´�)��Åêäk�Ð
��Å5. æ^¹kÁ{���>´�)�Åêé
&E?1\�J±»), lOrÏ&�S�5.
Á{��3\�Ï&¥k�~Ð�A^cµ.

5 ( Ø

�©é©z [1] ¥�Ñ�Á{���>Ø>
6'X?1
k>.?�, ¿|^?���êÆ�
.!ÏL>Ø-yÚ>6-yü«�ªïÄ
k
>.Á{��©O�>N!>aG!¿é�>´
A5, ©Û
ªÇ!>a�Ú>N�é>´A5�
K�. )º
Á{��3Nª¥�A^�n, �Ñ
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Abstract
The circuits of memristor with border constraint, connected with capacitance and inductance in series, and with capacitance and

inductance in parallel are studied separately. The properties of the circuits and the influences of frequency and element parameters on
circuit are analyzed. Theories are proved by simulation. Potential applications are predicted based on the properties of memristor with
border constraint and its related circuits.
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