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A^1ÅnØ, ïá
��ªà¹ N ��7á�zÔ��N (N-channel metal oxide semiconductor, NMOS) ��
ì�DÑ�XÚ���5lÑN��.. éT�.?1�ýuy, ��Xê�Cz�U��XÚÑy��©
Ú�
�·b�E,���1�, ¿�Ð©©ÙéXÚ��­�����1�ké�K�,"Ð©©ÙéA���ã�'
�5K, 
�"�Ð�©ÙK¬��÷�>ØÑyE,���ã�, ©ÛL²ù
��E,1���)
uXÚ¥
DÑ��Ã¡���Ú NMOS ��ì���5ÏSA5.

'�c: DÑ�, NMOS ��ì, ©
, ��·b

PACS: 0545.–a

1 Ú ó

l·b�Vg�JÑ±5, ïÄöÌ�ïÄ�
´��5XÚ��müz¤Ñy�·by�. �´
�kéõ��5XÚÓ�äk�m��m�'5,

Ï
¬3��¥üz, dd¤Ñy�·bäk��
1��E,5. ïÄö­ÀïÄ��·b´l 20

­V 90 c�Ðm© [1,2], ®²3{Zü{ [3]!9
é6 [4]!��51Æ [5,6]!zÆ�A [7] �XÚ¥
Ñ*	�
��·by�. Cc5ïÄöm©'5
��·b�)�S3Ån9���{ [8,9]. Stahlke

Ú Rucklidge �©Û
��·b¥ØÓºÝ��p
�^ [10,11]. Ahlborn Ú Jin �é Ginzburg-Landau �
§���·bÓÚÚ��?1
ïÄ [12,13].

8 c ' u � � · b � ï Ä é � Ì �
k Rayleigh-Bénard é 6, Ginzburg-Landau �
§!FitzHugh-Nagumo �§�. ù
XÚ��Ñ
�~E,, J±��½þ�©Û(J, ÏdkÆö

}Ál��{ü�XÚÑuïÄ��·b, ~X
l Logistic XÚüz
5�ÍÜN��f (coupled

map lattice) �. [14−16]. ÍÜN��f�.�,'
�{ü, �ù´��b���., "y¢SA^�
µ. XJU
é���Qk¢SA^�µ, �.q
�é{ü�XÚ, òkÏur?é��·b�ïÄ.

�©�ïÄé� —— ¹ NMOS ��ìDÑ�X
ÚÎÜþã�¦: ��¡§´®²��2�A^
�p�êi>´XÚ¥�;.>´��;,��¡
�±ïáÙ��5lÑN��., l
N´?1½
þïÄ.

3p�êi>´¥, I�^�õ«��5ì�,

~X7á�zÔ��N|�A+ (metal oxide semi-

conductor field effect transistor, MOSFET)!�4+
Ú¬N+�, Ù¥ MOSFET ±Ù`É�5U¤�
p�êi>´¥A^�2��ì��� [17]. �
X8¤>´Eâ���uÐ, XÚ�ó�ªÇ�
� 3 GHz ±þ. pª�, �¡S�ü�>´�m!
õ�¡|�½<M>´¥��¡�m¢y&ÒD
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4�pë�¬LyÑ�$ª�ØÓ�5�, 'X�
�!G69DÂò´�DÑ��A [18], �ÄÚ©
Ûpë��DÑ��Aép�êi>´�¤õ�
O�'­�. duDÑ��Ã¡���Ú MOSFET

���5A5Ó��3, û½
p�êi>´XÚ
¥�UÑy��·b�E,���1�.

8céuDÑ�XÚ�ïÄÌ�´�éªà
��5����¹, ­:´ïÄõ�NDÑ��m
�G6¯K [19,20]. é¹k��5���DÑ�X
ÚÄåÆ1��ïÄ�=�uA«¢SA^��
�>´, Ì��)�òé¼>´ [21,22], �ò��·
�>´ [23,24], ªà��4+�DÑ�XÚ [25−27]

�, 
éu¹p�êi>´­�ì� MOSFET �
DÑ�XÚ¥���E,1�, �vk�'ïÄ.

�©òïá¹ N ��7á�zÔ��N (N-

channel metal oxide semiconductor, NMOS) ��ì
DÑ�XÚ)Û���5lÑN��., ±d�

.�Ä:?1�ý, ÏL±�©
ã!�m�Ì
Czã!��1�uÐãÚ�mS�ã, ±9O
� Lyapunov �ê���5XÚ�©Û�{, é�
ý(J¥¤�«��«��E,1�?1©Û.

2 ¹ NMOS ��ìDÑ�XÚ���
5ï�

ã 1 �¹ NMOS ��ìDÑ�XÚ�>´�
nã, ã¥DÑ��Ã�DÑ�. ã 1 ¥ NMOS �
��A5­�Xã 2 ¤«, ã¥ iDS ´6L¦4�

4�m�>6, vDS ´¦4�
4�m�ÑÑ>
Ø. vGS ´�\u»4�
4�m�Ñ\>Ø. iDS

É vDS Ú vGS �Ó��. ã 2 ¥�n^­�©Oé
Au vGS �ØÓëê� iDS � vDS �m�'X. d
ã 2 ��, NMOS ´��;.���5ì�, Ù�
�5ÏSA5�±L«� [17]

iDS = g(vDS) =


0, 0 6 vGS 6 vT,

kN(vGS − vT)2/2, vT < vGS 6 vDS + vT,

kN

[
2(vGS − vT)vDS − v2

DS

]
/2, vDS + vT 6 vGS,

(1)

ª ¥, kN � ì � ª � ë ê, vT ´ NMOS � K
�>Ø.

Ã�DÑ�÷��>ØÚ>6÷v>��
§ [28]

∂v(x, t)
∂x

= −L
∂i(x, t)

∂t
,

∂i(x, t)
∂x

= −C
∂v(x, t)

∂t
, (0 < x < d, t > 0), (2)

ª¥, L Ú C ©O�DÑ�þü �Ý�>aþÚ
>Nþ.

x/dx/

vGS

vDS

vDD
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iDS

RW

⇁
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⇁

⇁

⇁

ã 1 ¹ NMOS ��ì�DÑ�XÚ
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ã 2 NMOS �ÑÑÏSA5­�

�âã 1, DÑ�üà�>ØÚ>6÷v>.
^�

iDS = g(vDS) = iDD − i(x = 0, t)

=
vDD − vDS

RW
− i(x = 0, t), (3)

v(x = d, t) = Ri(x = d, t), (t > 0). (4)
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 �©�§ (2) ª�Ï)� [28]

v(x, t) = u+(t − x/c) + u−(t + x/c), (5)

i(x, t) =
1

RC
(u+(t − x/c) + u−(t + x/c)), (6)

ª¥, u+(t−x/c) Ú u−(t+x/c) ©OL«DÑ�þ
>Øm1Å©þÚ>Ø�1Å©þ, c �DÑ�þ
Å�DÂ�Ý, RC =

√
L/C �DÑ��A�{|.

ò �©�§ (2) �Ï) (5) ªÚ (6) ª�\
>.^� (3) ªÚ (4) ª¥, ��

u−(t + T/2) = λu+(t − T/2), (7)

g(u+(t) + u−(t)) =
vDD − (u+(t) + u−(t))

RW

− 1
RC

(u+(t) − u−(t)),

(t > 0), (8)

ª¥, T = 2d/c �Å3DÑ�þ5£DÂ�g¤
^��m, λ = (R − RC)/(R + RC) �DÑ�mà
: x = d ?>ØÅ���Xê.

ò (7) ª?1CþO� t′ = t + T/2, Ó��
\ (8) ª, ���à: x = 0 ?>Ø�1Å©þ3
��ü�±Ï?�S�'X�

u−(t′ + T ) =



λ

RW + RC
[vDDRC + (RW − RC)u−(t′)], � − vT 6 vGS − vT < 0�,

λ

RW + RC
[(RW − RC)u−(t′) + RCvDD − kNRCRW(vGS − vT)2/2],

�u−(t′) >
2(vGS − vT)(RW + RC) + kNRCRW(vGS − vT)2 − 2RCvDD

4RW
�,

λ

[
vGS − vT − u−(t′) +

RC + RW

kNRCRW

−
√

(kNRCRW + RW + RC)2 − 2kNR2
CRWvDD − 4kNRCR2

Wu−(t′)
kNRCRW

]
,

�u−(t′) 6 2(vGS − vT)(RW + RC) + kNRCRW(vGS − vT)2 − 2RCvDD

4RW
�.

(9)

- u−
n+1 = u−(t′ + T ), u−

n = u−(t′), K
¹ NMOS ��ìDÑ�XÚ÷�>Ø�1Å�
��5lÑN��

u−
n+1 = F (u−

n ). (10)

3 >Ø�1Å©þ�©
y�

�â (10) ª, �±�«>Ø�1Å���X
ê λ �Cz¤�)�©
Ú·by�. Ù¦ëê�
��� kN = 0.1mA/V2, RC = 50 Ω, RW = 50 kΩ,

vT = 0.5 V. ã 3(a) Ú (b) ©O�± λ ��©
ë
ê��1Å u−

n �©
ãÚ Lyapunov �êã. d
ã 3(a) ��, �X λ �~�, �1Å3 λ = −1 NC
ÏL�±Ï©
?\·b, ¿�3·b«¥�¬Ñ
y±ÏI�; 3 λ = −3.21 NC?\±Ï 3, ,�E
,ÏL�±Ï©
?\·b. ã 3(b) � Lyapunov

�êãy²
ã 3(a) ¥XÚ3�©
ëêe��
�5ÄåÆ1��5�.

4 ¹ NMOS ��ìDÑ�XÚ¥÷�
>Ø���E,1�

þ�!©Û
DÑ��à:?>Ø�1Å�
©
1�, ØLù�©Û
3à:?>Ø�1Å3
�mþ�ÄåÆ1�. ¢Sþ, ¹ NMOS ��ì�
DÑ�XÚ´��©Ùëê>´, Ù÷�>Ø�
1���mÚ�mÓ��', DÑ�à:?�>Ø
�DÑ�÷�þ�:�>Ø;�éX. ¿�, DÑ
�÷�>Ø´d�1ÅÚm1ÅU\�), m1Å
�¬éXÚ�ÄåÆ1��)K�. Ïd, �!
òéDÑ�÷�>Ø3��þ�E,1�?1
©Û.

4.1 DDDÑÑÑ���÷÷÷���>>>ØØØ���������lllÑÑÑ���...

ò � Ý � d � D Ñ � 3 � m l Ñ � � �
� J �°, J = 50, K¹ NMOS ��ìDÑ�X
Ú¥�DÑ�5£�go��©�¤ 2J �°,

� m l Ñ Ú � � ∆x = d/J , � l Ñ : � � m
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� I � x = i∆x, i = 0, 1, 2 · · · , J ; > Ø m 1
Å Ú � 1 Å 3 � m ¥ ± � Ý c = 1/

√
LC ÷

x ¶ © O � m Ú � � ? 1 D Â, Ï d � l Ñ
� m Ú � � τ = ∆x/c, � l Ñ : � � m � I

� t = nτ , n = 0, 1, 2, · · · . e®�÷�>ØÚ>
6�Ð©©Ù� v0(x), i0(x), (0 6 x 6 d), K�
â (5) ªÚ (6) ª, �±O�Ñ�1Å3 [0, T ] S�
©Ù�

u−
0

(t) =

 [v0(ct) − RCi0(ct)]/2, (0 6 t < T/2),

λ {v0[c(T − t)] − RCi0[c(T − t)]} /2, (T/2 6 t < T ).
(11)

d (11) ª � � � 1 Å 3 ± Ï [0, T ] S �
lÑ�Ð�� u−(0, n0)(n0 = 0, 1, · · · , 2J − 1),

� â (10) ª � ± O � Ñ � à : > Ø � 1 Å ©
þ u−(0, n), (n = 0, 1, 2, · · · ) �lÑN�S�� [24]

u−(0, n + 2J) = F (u−(0, n)),

(n = n0 + 2KJ,K = 0, 1, 2 · · · ). (12)

d (12) ª�±O�Ñ u−(0, n) ��m�uÐ
5Æ. �â (5) ªÚ (7) ª, �O�ÑDÑ�÷�>
Ø�>Ø�1Å�'X�

v(x, t) = u−(t + x/c) +
1
λ

u−(t − x/c + T ),

(0 6 x 6 d). (13)

� â (13) ª, � � D Ñ � ÷ � > Ø v(x, t)

3 t > 0 �m¶þ�lÑzL�ª v(i, n) �

v(i, n) = u−(n + i) +
1
λ

u−(n − i + 2J),

(i = 0, 1, 2, · · · J ;n = 0, 1, 2, · · · ). (14)

ÏLþ¡�í��±wÑ, e®�DÑ�÷
�>Ø�1Å©þ3 [0, T ] S�Ð©©Ù, �±
d (12) ª¦ÑDÑ��à:>Ø�1Å��mC
z�{§. ÏL (14) ª, �±¦�DÑ�÷��>
Ø©Ù. ¤±, �â (14) ª, �±�«DÑ�÷��
�:�>Ø��mÚ�m�Cz5Æ. >Ø�1Å
3 [0, T ] S���U�� 0, ��Uk�3�"�
��¹. e¡©ùü«�¹?ØDÑ�÷�>Ø�
E,1�.

4.2 >>>ØØØ���111ÅÅÅÐÐÐ©©©"""©©©ÙÙÙ���DDDÑÑÑ���÷÷÷���
>>>ØØØ���������EEE,,,111���

�>Ø�1Å3 [0, T ] S�©Ù�� 0, Ï
L (12) ªÚ (14) ª�O�ÑDÑ�÷��>Ø.

� λ = 1, ã 4(a) Ú (b) ©OéAÑ\>Ø vGS

� 0 V Ú 2.5 V �, XÚ��­��DÑ�÷�
�>Ø©Ù. dã 4(a) ��, �Ñ\>Ø� 0 V �,

NMOS ��ì�ÑÑ>Ø� 2.5 V, dã 4(b) ��,

�Ñ\>Ø� 2.5 V �, NMOS ��ì�ÑÑ>Ø
� 0.24 V, d�XÚ?u�~ó�G�, �ÑyE,
���1�.
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/
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↩

ã 3 ±��Xê λ �©
ëê�>Ø�1Å (a) ©
ã; (b)

Lyapunov �êã

ã 5(a) Ú (b) ©O� λ = −3.25 �DÑ�÷�
>Ø��m�ÌCzãÚ��1�uÐã. Ù¥�
m�ÌCzã [29] �3�½ëêe, ��6�L§
�, òz��:��müz 100 �±Ï�G�U\
��å
/¤�ã/. ��1�uÐã�N
÷�
>Ø3�mÚ�m���DÂ [29].

d©
ã 3(a) ��, λ = −3.25 �, �1Å?u
±Ï 3 G�, Ó�lã 5(a) �±wÑ, DÑ�þ¤
k�:�G���m�Cz1�?u±Ï 3 G�,
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ã 5(b) ���1�uÐã�±wÑDÑ�÷�>
Ø3����þ�´±Ï 3 Cz�, ¿�¥yÑ'
�5K���ã�.

� λ = −3.5 �, DÑ�÷�>ØXã 6 ¤«.

l�m�ÌCzã 6(a) �±wÑ, DÑ�þ¤k�
:�G���m�Cz1�¥Ã5ÆG�, �z�
:�Cz5Æ��, ã 6(b) ���ã��,��
ã 5(b) E,�
, �E,'�5K.
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ã 4 λ = 1 �DÑ��÷�>Ø (a) vGS = 0 V; (b) vGS = 2.5 V
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ã 5 λ = −3.25"Ð©©Ù�DÑ�÷�>Ø (a) �m�ÌCzã; (b) ��1�uÐã
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ã 6 λ = −3.5"Ð©©Ù�DÑ�÷�>Ø (a) �m�ÌCzã; (b) ��1�uÐã

3¢S¥, '�'5DÑ�mà:=ÑÑà�
>Ø��m�Cz5Æ. ÏL*	DÑ�mà:�

�m{§ã, �±�\�*/wÑ��XêCz
éÑÑ�K�. ã 7(a) Ú (b) ©O�3��Xê λ
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� −3.25 Ú −3.5, Ð©©Ù�"�DÑ�mà:
?>Ø��m{§ã. dã 7(a) ��,λ = −3.25 �
mà:>Ø��m�Cz¥y�±Ï 3 G�, d
� NMOS ��ì®²Ã{�~¢y���õU,

ùL²ëê�CzéXÚ�5UK�é�. 
d
ã 7(b) ��, � λ = −3.5 �, mà:>Ø��m�
Cz®Ã±Ï5, ¥y�·bG�.
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4.3 ���111ÅÅÅÐÐÐ©©©©©©ÙÙÙØØØ������"""���DDDÑÑÑ���÷÷÷
���>>>ØØØ���������EEE,,,111���

e>Ø�1ÅÐ©©ÙØ��", KXÚ��
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ã 9 λ = −3.25 �"Ð©©Ù�DÑ�÷�>Ø (a) �m
�ÌCzã; (b) ��1�uÐã
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�1�¬u)���Cz. ��1Å3 [0, T ] S�
©Ù�ã 8 ¤«�F/©Ù.

ã 9(a) Ú (b) ©O� λ = −3.25 �÷�>Ø�
�m�ÌCzãÚ��1�uÐã. ã 9(a) L²
DÑ�þ¤k�:�G���m�Cz1�?u
±Ï 3. é'�1ÅÐ©�"©Ù���m�ÌC
zã 5(a), �±uy�1Å�"Ð©©Ù�÷�Ø
Ó:?�>Ø�Ó�±Ï 3, �Cz5Æ%Ø��,

ù�ò����1�uÐã�\E,, Xã 9(b) ¤
«. d��,XÚó�u±Ï 3, ���ã�®²'
�E,.
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ã 11 DÑ�mà:?>Ø��m{§ã (a)λ = −3.25;

(b)λ = −3.5

� λ = −3.5 �, dã 10(a) ��, DÑ�þ¤
k�:�G���m�Czþ?u·bG�, �Ñ
y
²w�Û(A�, 'ã 6(a) ��m·b��E
,, ù¦�XÚ���1���ã 6(b) E,�õ,

Xã 10(b) ¤«. d�XÚ¥yÑE,���·b
ã�.

3Ð©©Ù�ã 8 ¤«�F/©Ù�, DÑ�
mà:>Ø��m�Cz5ÆXã 11 ¤«, Ù¥
ã 11(a) Ú (b) ©O���Xê λ � −3.25 Ú −3.5

�, DÑ�mà:>Ø��m{§ã. �ã 7 Ð©
©Ù�"���m{§ã'���, �"Ð©©Ù
ò��DÑ�mà:>Ø��mCzC��~·
Ï. ù`²3p�êi>´â,u)6�Cz, ÷
�>Ø©Ù5Ø98"�, �"Ð©©Ù¬éXÚ
5UE¤��K�.

5 ( Ø

�©ÏLïá¹ NMOS ��ìDÑ�XÚ�
��5lÑN��., ïÄ
TDÑ�XÚ��
�1�. �ýuy, ¹ NMOS ��ì�DÑ�XÚ
���Xê�Cz�3÷�±Ï©
Ï�·b�
y�, ·b«�¥¬m½Ñy±ÏI�, ¿�÷�
>Ø�ØÓ�Ð©©Ù¬ÑyØÓ��©
!�
�·b���E,1�. ù
��E,1��)�
�
´DÑ�XÚáu©Ùëê>´, ¿�ªà
¹k NMOS ù����5��. Ù¥, ©Ùëê>
´û½
��XÚ�1�´3�mÚ�mþÓ�
üz, 
�����5A5û½
XÚ1�¬'
�E,.

d u y � 8 ¤ >´� � � 8 ¤ 5 � � �
10×108 �±þ, �mºÝ®��¦? [18], pë
��DÑ��AÚ�����5A5ép�êi
>´&Ò��5�©ÛÚ`z�OK�é�, ØÜ
n��O¬�)�S�Ø!�$ÚØ=� [30], �
�XÚØU�~ó�, ò�XÚ�mu±Ï. du
�©Ó��Ä
DÑ��AÚ����5A5, �
Ñ
)Û���5lÑN��., �±�\�¡O
(/�Np�êi>´¥���E,1�, Ïd�
©�ïÄ(ØkÏu�Ð/�Op�êi>´. d
	, �©¤ïÄ�XÚªà¥�9�K>{, K>
{�±^k
ì�¢y, �
¢S�>f��XN
�A�4+Ú���4+��äkK>{A5. |
^K>{�¢y�Å��ì�õU [31,32], Ïd�
©�ïÄ(Ø��¹K>{½äkK>{A5�
���Å��ì�JøkÃë�.
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Abstract

Based on the traveling wave theory, a nonlinear discrete map of a transmission line system terminated by an N-channel metal

oxide semiconductor (NMOS) inverter is established. After simulating by the nonlinear discrete map, it is found that the change

of the reflection coefficient may lead to spatiotemporal bifurcation and chaos, and that the initial distribution significantly affects

the spatiotemporal pattern of steady state. For the zero initial distribution, the spatiotemporal pattern is very regular, whereas the

complex spatiotemporal pattern may appear when the initial distribution is nonzero. The analysis results demonstrate that the complex

spatiotemporal behaviors originate from the infinite-dimensional essence of the transmission line and the nonlinear voltage-ampere

characteristics of the NMOS inverter.
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