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1 Ú ó

·b´�«g,u)��Û�N5y�,´�
�5ÄåXÚ¤Ak�1�. 8c, ·b®'ß�
�)�Æ!>fó§Ú&E���õ�+� [1−4],

´c÷�KÚïÄ9:��. �â��mCz�A
:, ·bXÚ�.�©�ëY�m�.ÚlÑ�m
�.. ëY·bXÚõ��©�§½�§|/ª,

¹k´L�·b&Eþ, �)�·by��*5r,

´un), �¢y(�E,. �ëY·bXÚ�',

lÑ·bXÚõ�S��§, äk�.(�{ü!
´unØ©ÛÚ>´¢y!3¢SA^¥´u�
��`:, ÏlÑ·bXÚ¤�<�3��5Ä
åÆ+����:ïÄ��.

>f>´�O´lÑ·bXÚ¢yM�z¿
?12�A^����ïÄSN. 8c, lÑ·
bXÚ�>´¢y�{�õê´ÄupÖ.7á

�zÔ��N8¤>´Eâ [5−7], �â��½
Æ¥ì�U�'~ ��ª³, �ÝÚ¡Èò¤�
K�ù«8¤>´Eâ?�ÚuÐ�ü��Ï
� [8,9]. B>fEâ�Ñyr?
8¤>´Eâ�
#uÐ,¦�>´��p�!�$õÑÚ�p8¤
Ý¤��U. �â��5�8¤�¡�OÚ�E�
uÐª³, #,�B>fì�®¤�ISþïÄ�
9: [10], Ù¥ü>f¬N+ (SET) 9Ù�7á�
zÔ��N (MOS) �·Ü(� SET-MOS ´�a
�~äkuÐdå�ÿÀö. SET-MOS äk�º
�!$õÑ!p�!p8¤ÝÚr��5� [11] `
:, �~·u·b>´��O. Äu SET-MOS ïÄ
·bØ=·A8¤>´�uÐª³, ���·b
XÚJø#�Ôn¢yå».

�©Äu SET-MOS ·Ü(��¥Õ��A5
JÑ
�«¢y��lÑ·bXÚ�>´�O�
{, 3élÑXÚÄåÆA5©Û�Ä:þ, ÏL
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>´�OÚ�ý�y
T�{��(5Ú�15.

2 Ä u SET-MOS � N . © ã �
5¼ê

��lÑN�XÚ´lÑ·bXÚ��«�
{ü��ª. ��5¼ê�>´¢y´�)lÑ·
bN�L§����~��|¤Ü©, ¿���
5¼ê�±kõ«/ª, ~X�Ô�¼ê!ýé�
¼ê!ÎÒ¼ê� [12]. �
O(�E·bN�, ï
Äö~~|^�þ�¬N+�¢yù«>´, ù¬
�)���õÑ. 3,
A^�¡, �)�·b
&ÒA5¿ØI�÷vî��ÚOÆ�¦½ªÌ
�¦, ´I��«��aq�Å5�Ø�ýÿ&
Ò. Ï, ·bN��O(/G'å§�N� “�Ð
ÚòU” A5ÒØ´é�
. e¡Äu SET-MOS

ïÄ N .©ã�5 (PWL) ¼ê�>´�O.

SET �¦4�7á�zÔ��N|�A¬N
+ (MOSFET) �E�ð6 ��, Ù¦4ÑÑ
>Ø Vout ¬�»4Ñ\>Ø Vin Cz¥yÑa
q�uÅª�±Ï5¥Õ��A5 [11](ã 1), Ï
T(��^u)¤ N . PWL ¼ê. 3ã 1(a)

¥, p . MOSFET ^�ð6� SET Jø 150 nA

� �>6, MOSFET �¦>Ø VDD = 1 V, »
> Ø VG = 0.54 V, SET � � » > Ø VCTRL ^
u � �ÑÑ > Ø � �   £ Ä. SET � ëê© O
� > N CG1 = 0.15 aF, CG2 = 0.1 aF, CD =

CS = 0.05 aF, >{ RD = RS = 100 kΩ, ó�§
Ý T = 300 K. � VCTRL ��3 0—0.4 V ��S
Cz�, ���ØÓ� �>ØDÑA5�, X
ã 1(b) ¤«.

PWL XÚU
±?¿°Ý%C��5XÚ, C
�c5®²Úå
2��'5. 3|^ã 1(a) ¥
� SET-MOS >´ïÄlÑ·bXÚ�, �l½5
Ú½þ�Ý©ÛXÚ·b1�, ã 1(b) ¤«�>
´DÑA5�^�� PWL %C¼ê h �.5£
ã, =

h(V ) = k0 |V − V0 − VPH| + k1 |V − V1 − VPH|

+k2 |V − V2 − VPH| + V3, (1)

Ù¥, k0, k1 Ú k2 �~þ, k0 = 0.47, k1 = −1.4525,

k2 = 1.4525; V0, V1, V2 Ú V3 ©O�å©>Ø!
¸ � > Ø ! � � > Ø Ú   £ > Ø, V0 = 0 V,

V1 = 0.34 V, V2 = 0.51 V, V3 = −0.0051 V; VPH

�� >Ø. h �.�%C�JXã 2 ¤«. lã 2

�±wÑ, � VPH = 0 V�, �.�A5�éA
uã 1(b) ¥ VCTRL = 0 V��>ØDÑA5�.

ã 1 ·b ²� N .ÑÑ¼ê�>´�O (a) ²�ÑÑ
¼ê� SET-MOS >´(�; (b) >ØDÑA5

ã 2 h(V ) �.� N . PWL %C�J

d©z [13] ��, N . PWL ¼ê�¤�lÑ
N��)·b1��^���´ N . PWL ¼ê
��K�Ç«�Ç7L�u –1. dã 2 ��, (1)ª
��.¼ê h Ä�þO(�N
ã 1 ¥�>ØD
ÑA5, �K�Ç÷v�)·b�lÑN�^�.
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d 	, � � ± k , � «¢y N . PWL ¼
ê� SET-MOS >´�O, =ð6 �e�ü
� G é SET, X ã 3(a) ¤«. SET � ëê��
� CG1 = 0.15 aF, CG2 = 0.1 aF, CD = CS =

0.05 aF, RD = RS = 1 MΩ, T = 300 K; pMOS

Jø 13 nA �ð6 �. �ã 1 �', dã 3(a) >
´��� N . PWL ¼ê�ÌÝCz����, �
K�Ç«�Ç����C –8, �k|u·b&Ò�
�). �ù«(�ÑwE,.

ã 3 ÄuGé(� SET-MOS � N . PWL ¼ê>´�O
(a) >´(�; (b) Vin-Vout DÑA5

3 Äu SET-MOS ���lÑXÚ·
bÄåÆA5

©z [14] JÑ���lÑN�ÄåÆ�§�

y(t + 1) = af [y(t)] + c, (2)

Ù¥, a Ú c �'~ëê, f(y) �äk N .A��

©ã¼ê, =

f(y) =


m1y + b1 (y 6 δ1),

m2y + b2 (δ1 < y 6 δ2),

m3y + b3 (δ2 < y).

(3)

ùp, m2 <0, δ2 > δ1, f(y)´��¥mÜ©kK�
Ç� PWL ¼ê, §kü��.$:. �§ (2) ¤£
ã��.�w�´d����5¼ê�§ f(y) Ú
���5¼ê�§ y(t) EÜ¤. XJ�§ (2) 3
z�±Ï n(n = 1, 2, · · · ) k��±Ï)ÚÃêx
k.�±Ï), KL²T�§�LyÑ·bA�.

d (1) ªÚ�§ (2) ��Äu SET-MOS >´
A5ïá�>Ø�ª��lÑN�XÚ�

v(t + 1) = f [v(t)] = ah[v(t)] + c. (4)

� a = 1, c = 0�, K��XÚ (4) ��mCz�
)���N�L§, (JXã 4 ¤«. lã 4 �±
wÑ, XÚ3T|ëêe�±�)·b1�, ¿�
XÚG��Cz��� 0.25—0.4 V. ?�ÚïÄX
Ú (4) �ëêCz�©
L§Ú Lyapunov �ê λL

�±��Ù/`²XÚ�)·b��ëêCz^
�, Xã 5 ¤«.

ã 4 ��lÑN�L§

dã 5 ��: XÚ (4) �ëê a Cz´ÏL
� ± Ï © 
 ? \ · b �. � X ëê a � O �,

X Ú 3 a = 0.846 ? u)
 1 � g © 
 1 �,

3 a = 0.934 ?u)
1�g©
1�, U?
\·bG�, Lyapunov �ê λL ÅìdK�=�
��. � 1.164 6 a 6 1.184 ½ 1.276 6 a 6 1.422

�, XÚ?u±Ï�, =�·b«�m�±ÏI
�, λL ��u"; � a = 2.192 �, XÚ�·b«
ÑyaC=ò:. XÚ�ëê VPH Cz��©

L§Ú Lyapunov �êÌXã 6 ¤«. dã 6 ��,
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ã 5 X Ú � ëê a C z � · b Ä å Æ A 5 c = 0,

VPH = 0 V. (a) ©
ã; (b)Lyapunov �êÌ

ã 6 XÚ�ëê VPH Cz�·bÄåÆA5 a = 1, c = 0.

(a) ©
ã;(b) Lyapunov �êÌ

� –0.062 V6 VPH 6 0.120 V ½ 0.341 V6 VPH 6
0.523 V�, XÚ (4) ��)·b1�, � 0.120 V

< VPH < 0.341 V�, XÚ?u±Ï�.

4 >´�O9ê�ïÄ

�â±þ�nØ©Û, �d SET-MOS ·Ü(
��OÑXÚ (4) �>´(�, Xã 7 ¤«. T
(�¤æ^�^�ëê a = 1, >Ø U L
«ëê c ��, §£ã
 c �Cz�¹.SET �ë
êÀ�� CG1 = 0.15 aF, CG2 = 0.1 aF, CD =

CS = 0.05 aF, RD = RS = 100 kΩ, T = 300 K,

VG = 0.54 V, VDD = 1 V, VSS = −1 V; �� MOS-

FET �°�' W /L(W Ú L �ü þ� nm)�O
Xe: M1 � 900/45, M2 � 45/270, M3 � 45/540,

M4 � 45/450, MS1 Ú MS4 � 45/360, MS2 Ú MS3

� 45/450;   � > Ø © O � VDD = 1 V, VG =

0.54 V, VB1 = 0.67 V, VB2 = −0.5 V, VS = −1 V.

ã 7 ¥d M1, M2, M3, M4 ±9 MS1, MS2, MS3,

MS4 �¤�>´äkæ��±ìõU.

�m' MS1 �Ï�, lÑ·b>´Ñ\à&
Ò� v(t), ²N�>´/¤N�&Ò f [v(t)], ¿
3 MS1 �����;��Àì�ÑÑà M1 �
>Nþ/¤&Ò v(t + 1); �m' MS2 �Ï�, &
Ò v(t + 1) ��"�·bN�>´�Ñ\à?1e
�gN�?nL§.

��>´��¨óÀ±Ï� 120 ns, ��Ï
«ØU, K� VCTRL = 0 V�, ©O� c = 0 (Ø
¹k>Ø) Ú c = 0.1(¹k>Ø, �Ì�>Ø
� 0.1 V), éã 7 ¥�>´?1�ý, ��T>´
�)·b�ÑÑ>Ø�ü|��]�Å/�, X
ã 8 ¤«. ��>´�·�õÑ�� 42 µW, Ù¥
�Ü©õÑ´d MOSFET >´�)�.

dã 8 ��, Å/&Òäk·b���±Ï5,

ëê c �ØÓ��K�X>´�·b1�. AO/,

�ëê c = 0�, G�ÑÑ>Ø v(t) 3 0.25—0.4 V

��SCz, ù�ã 4 ¥��N�L§�)�nØ
©Û(J��, �y
>´�O��(5±9 SET-

MOS �¤��lÑ·bXÚ��15. Ó�lã 7

�±wÑT>´(��~{ü, k|u·b>´�
8¤zA^.
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ã 7 Äu SET-MOS ���lÑ·bXÚ>´

ã 8 lÑ·bN�>´��ýÑÑ>Ø (a)c = 0; (b)c = 0.1

5 ( Ø

�©ÄuGé(� SET-MOS äk���5
��A5�O
 N . PWL ¼ê�>´(�, ¿Ä
ud�¤
�«(��~{ü���lÑN�X
Ú. ÏLéTXÚ�ÄåÆA5©Û, ¼�
�)
·b1��ëêCz��. ���OÑTXÚ�
>´(�, �ý�y
nØ©Û��(5±9|

^ SET-MOS ·Ü>´�ïlÑ·bXÚù��{
��15. ïÄ(JL², |^ SET-MOS�O��
�lÑ·bXÚ>´Ø=(�{ü, �ó�ªÇ
ép, õÑé$, ùk|u·b>´��5�8¤
±93��Ï&Úã�?n�+��A^, Ó��
�õ�lÑ·bXÚ�ïÄJø
#�Ôn¢y
å», äk�½�/�¿Â.
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Abstract

A one-dimensional discrete chaotic system is constructed based on the hybrid architecture of single-electron transistor and metal

oxide semiconductor in this paper. Voltage transfer characteristics of the parallel architecture of single-electron transistor and metal

oxide semiconductor are investigated, and the corresponding N-shape piecewise linear function model is established. Based on this

model a one-dimensional discrete mapping system is first constructed, the dynamics of the system is then analyzed including one-

dimensional mapping process, bifurcation diagram and Lyapunov exponent spectrum and the corresponding discrete chaotic system

is finally designed through the electronic circuits of the hybrid architecture. The simulation result is consistent with the theoretical

analysis. All these indicate that discrete chaotic system designed by the hybrid architecture of single-electron transistor and metal oxide

semiconductor has some advantages such as simple circuit structure and low power dissipation, which are good for the integration and

application of chaotic system.

Keywords: discrete system, Lyapunov exponent spectrum, bifurcation, circuit realization
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