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L¡�lf1fÆ´ïÄ7á!��NB�(�á�ÕA�1ÆA5, ´8c1fÆ¥�káÚå!uÐ�
¯�+���. ��X�/B�EEâ�O�Å�[Eâ�?Ú, L¡�lf1fÆ3��1!ù	!�â[±9�
Åª���
2�ïÄ, 3p(¯)zDa!æÅ�1Å�!C|1Æw�!B�1��+�kd3�A^d�.

AO´<ó�á��uÐ, �g,.�Ï"y�A�â[Å�á�Úì�C½
Ä:, l
�r?
�â[ÅãL
¡�lf1fÆ�ïÄ. �©l�â[L¡�lfÅ�-u!D�!�#A^9�5uÐª³�A��¡?1

£�Ú?Ø, ò�#ïÄ¤JÐ«�Öö.

'�c: �â[Å, L¡�lf1fÆ

PACS: 73.20.Mf, 78.67.+m

1 Ú ó

L¡�lfÅ�ïÄ­#Úå
Ôn!z
Æ!á��)ÔÆ[�4�,�, ¤�Cc5�Æ
.�ïÄ9: [1,2]. §´÷X�NL¡DÂ�äk
ÕA5��>^Å. ÏLUC�NL¡/m�±N
�L¡Å�1��p�^, ù�#.�.z1fì
��uÐJø
ûÐ�Å�, L¡�lfì��ï
Ä¤õò4�/Jp1f£´�8¤Ý.

3ïÄ¯�>fÏL7á���Uþ�Ñ�
mM5ó�¥, Ritchie ýÿ�7áL¡kg±�
8N-uy��3 [3]. ù� Pine Ú Bohm �<ï
Ä7á¥d>fm��ål¥Õ�^��)�8
N�lf (Plasma) ���q, �Ó)º
|^¯�
>fñÂ7á����¢�y� [4,5]. Ritchie ?
�ÚïÄ
7á��>.é8N-u�)�K�,

uy>.�A��
�«$�Ñ#Ly��Ñy,


ù«y�´dL¡8N��-uÚå�. üc
�, >fUþ�Ñ¢�y¢
ù«8N-u��3,

�� Stern Ú Ferrel ·¶�L¡�lfN (Surface

Plasmon-SP)[6]. ld, 3và�Ô�ÚL¡Ôn+
�k�þRk¤��nØÚ¢�ó�ïÄ SP y
�, ù
ïÄ¤Jé�«�«�Ná�AO´��
á��Ä�A5±9é�«¢�(J�)ºäk
Þv�­��^. 8c, é SP �ïÄ*Ð���
+�, l>zÆ!L¡�¡�)ÔDa�×£��
w�!L¡lfu�!B��â)�!SP w�±
9 SP ��Eâ�. 
éB�(�á�>^A5�
ïÄ¤� SP #�ïÄ9:, Ù¥�äáÚå�ï
Ä´�1ì��äk±Ï5æÅ��»�7á�
���)�ß�Ory� [7].
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��¡�L¡�lf-� (Surface Plasmon Polari-

tons, SPPs). §´��N - 0�.¡�)�>Ö8
N��y�. Xã 1 ¤«, þ�Ü©�>0� (0>
~ê� ε1), e�Ü©´�N (0>~ê� εm). �>
^Å�^��N - 0��.¡�, �N¥�gd>
f�>^Å�p�^, ��gd>fßÝÞá, �
\�>^Å�ªÇ�Úågd>f�8N��ª
Ç���, B�)
r���37áL¡DÂ!3
R�L¡���þUþ:ìP~�äkÕA5�
� SPPs. �Xé7áB�(�ÕA�Û�z SPPs

�Øä�\ïÄ, Ñy
3B�ºÝö�1f�
#.Eâ, ù
äkcµ�Eâ¦� “�lf1
fÆ”(Plasmonics) A^
). §´ïÄ SPPs ��
)!DÑ!N�Ú&ÿ±¢y SPPs 3�51f8
¤£´!)ÔDaì!L¡C|1Æ!B�1�
Eâ�+��A^ [8,9].

z

y

Ez

1(ε1)

2(εm)

E

x

ã 1 L¡�lfÅ�)«¿ã

¦+L�é SPPs �ïÄÌ�8¥3��1
Åã, �´, 3�â[ (THz) Åã, SPPs 3 THz p
é!THz ¤�!THz Da±9e���)Ú&
ÿ THz Å�1>�U��+�äk­��A^
d�. 
 THz Åã SPPs ß�Or�A^u THz

C|1Æw�Eâ, ù� THz Å��(Ü, ÏL�
� SPPs ÍÜ THz Å, ±¢y#��1fì� [10,11].

� © ( Ü � ö � ï Ä ² {, � é THz Å
ã SPPs ��), DÑ±9 THz SPPs 3ØÓ+�
�A^��#ïÄ?Ð?Ø, ±÷vÖöéT��
��#ïÄÄ��rº.

2 THz Åã SPPs �-u

Ï~5`, SPPs ´/¤u7á - 0�L¡, ´
d\��>^Å¥��mCz�>|©þÚå7
á¥gd>f�)� £4z¿3¥Õå�^e

�)��
��\�1fÍÜ/¤�. §äkV¡
5, =37á�ýNyÑ�lfA5, 
30��
ýNyÑ>^ÅA5. ¿�3R�L¡üý, >|
©þ±�ê/ªP~, 3.¡?k��� [12].

2.1 SPPs ���ÚÚÚÑÑÑ'''XXX

du SPPs ´d\�>^ÅÚå�, Ïd, ÙÚ
Ñ'X�±ÏL¦) Maxwell �§¿(Ü>.^
���. Ó�, SPPs ´ P 4zÅ, >|²1u\�
¡, Ïd, �k3 TM Å\��7á - 0�L¡�,

â¬�) SPPs. Xã 2 ¤«, 3 TM Å\��, Ù>
|�^|©þ�: E = (Ex, 0, Ez), H = (0,Hy, 0).

K30� 1 Ú�N 2 ¥�|©þ©O�:
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z  

y
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Ez

E

Ex

Ez

Ex

E

Hy

Hy

 

 
 

1(ε1)

2(εm)

ã 2 TM Å\��N - 0�L¡�|©þ

E1 = (E1x, 0, E1y) e i(k1xx−ωt) e ik1zz,

H1 = (0,H1y, 0) e i(k1xx−ωt) e ik1zz,
(1)

E2 = (E2x, 0, E2y) e i(k2xx−ωt) e ik2zz,

H2 = (0,H2y, 0) e i(k2xx−ωt) e ik2zz.
(2)

| ^ > . ^ � E1x = E2x � H1x = H2x, �

�
k1z

ε1
=

k2z

εm
, Ù ¥ k1z = −

√
ε1

(ω

c

)2

− k2
x,

k2z =

√
εm

(ω

c

)2

− k2
x. Ïd, �±�� SPPs Å

¥

kx =
ω

c

√
εmε1

εm + ε1
,

(
k0 =

ω

c

)
, (3)

ª (3) =� SPPs �ÚÑ'X, Ù¥ k0 �gd�m
Å¥. 3 (3) ª¥, Ï~7á�0>A5d Drude �
.£ã

εm = 1 −
ω2

p

ω(ω − iγc)
ωÀγc−−−−→ 1 −

ω2
p

ω2
, (4)
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Ù¥, γc �¶þªÇ, ωp ´�lf��ªÇ ωp =√
ne2

m0ε0
, n �>fßÝ, m0 �>f�þ. ã 3 ¤«

�´;.7á� SPPs ÚÑ'X, ã¥�J�´1
�, ¢�´ SPPs Å¥��ªÇ�Cz, lã¥�±
wÑ, 3 ω l 0 � ωp/

√
1 + ε1 ªÇ��S, SPPs Ú

Ñ­�31��mý, ÓªÇe SPPs Å¥�ug
d�mÅ¥ k0. du7á� εm �ªÇEE�',


 ε1 éªÇ��6éf. Ïd kx � k0 � l§
Ý�ûuªÇ�p$. �\�1ªÇ�CL¡�l
fªÇ ωsp = ωp/

√
1 + ε1 �, kx ��Ã¡�. ù`

²7áL¡U
DÂªÌ�°� SPPs.

ω

ωp/  1+ε1

ω=ckx/  ε1

kx

ã 3 SPPs ÚÑ'X [12]

éuÊÏ7á Cu, Ag, Au Ú Al, Ù>fß
Ý n ∼ 1023, Ïdû½
T�lfªÇ u��1
Úb	«�. éuù
û�N, ��¼�$ªÅã
��lfNªÇ´é(J�, XÛâU¢y THz Å
ã��lfNªÇ? XÛ3ùo��Å���S�
3 SPPs y�, ò´·�¡��¯K, e¡Òù
¯
KÐm?Ø.

2.2 ���))) THz ÅÅÅããã SPPs ������{{{

du7á�0>~êÏ~´Eê, äkK�
¢Ü, �k� −Re(εm) = ε1 �, âU���l
fªÇ ωsp. ,
, 3 THz Åã, 7á�0>~
ê×�O\, Ù¢Ü´0�0>~ê�ê�, d
�, 7á3 THz Åã�>�Ç�~�, é THz Å
w « Ñ ß ² 5. Ï d SPPs Ú Ñ ­ � � C 1 �
Ü ©, = kx ≈ k0

√
ε1. ( J, R � u . ¡ � Å

¥ k1z =
∣∣∣√ε1k2

0 − k2
x

∣∣∣ ´�~��, l
éL¡
Å����~f. ù��L¡Å, =� Sommerfeld

½ö Zenneck Å, ®²3 THz ÅãïÄL [13−15].

lù��Ý©Û, þã THz L¡�lfÅé¢SA
^ké���. �
¼� THz Åã SPPs, 8cæ^

�Ì��{kü«, ÙÄ�g�´æ^��0�ü
$�N��lfªÇ, l
ò SPPs ªÇl1ªã
ü$�ù	!THz ª�.

2.2.1 ÏL7áL¡�±Ï5]ø!���
�(�-u SPPs

�
ò�lfªÇl1Åãü$�ù	!THz

Åã, �«�1��{´ÏL~�á��>fß
Ý
¼��$��lfªÇ. Uì Pendry �ïÄ
(J [16], 37á��¥��±Ï5ü��Ý/
½�.�æÅ��(�, OrL¡Å��(��
�p�^, l
¼���0�¥�$��lfN
ªÇ [17,18]. ã 4 ¥´|^±Ï��/ Cu �¢y

 THz ÅL¡�lfÅ���ÚD� [19]. lÔn
�Ý5`, ù´du7á��½���±O\>
^Å37á¥�'ß, 3L¡UC
|��^�,

l
��ÚD� THz L¡�lfÅ. |^ù«g
�, $�3��7á�¥��±Ï����±-
u SPPs.

d	, Äu7á��lf�Ã0��´�«¢
y THz Åã SPPs �Ð�{. 37áL¡�¡æÅ
�1w�ØÓ«n(��±¢y SPPs[20], Xã 5

¤«. Ó�, Äuù«g�� SPPs �A3�ÅÅã
®²��
�y [21].

2.2.2 | ^ � � N á � � B � á � -
u SPPs

�ÊÏ7á�', ��Ná��16fßÝ
�$u7á¥gd>fßÝ. Ù�lfNªÇd
��16fßÝû½. Ïd��NL¡�lfÅ
A5�±ÏL�,!1!9!>��ª-y�
3 THz ª�S¢yN�. 
�, Ä���Ná�
3¿§e���16fßÝTÐU
-u THz

Å SPPs, 
�é SPPs k�r���, �� SPPs �
Uþ�Ñé$. 8c, ®���|^��Ná�
ïÄ THz Åã SPPs �Ì�á�8¥3­�, n-

Si!n-GaAs!õ� Si, InN ��� InSb[22−26]. 

�, §�3 THz �0>A5�7á31ªã�0>
A5�q, Drude �.E,·^. ã 6(a) Ú (b) ©O
´|^��,� InSb ïÄ THz Å SPPs ���ß
�A5� SPPs ÷L¡�DÂA5«¿ã. ÏLÿ
Á InSb �àÜÔ��L¡� SPPs �±¼�þÝ
´\�Å� 3 ��àÜÔ���1ÆA5, ùò3
Da+�äk­��A^d� [27,28].
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� ��� � �� � � � � � � � � � � � � � � � �� 	
 � � 


� � � � � � � �� � � � � � � � �
幅
度

� ��� ����� �
频率

� �  !� � � � � � � � � � � � � � � � �
ã 4 (a) ±Ï5 Cu (�ü�; (b) THz ��Úª�ã [19]���

�� �
�� � 	 
� � � 	 
� 	 
 � 	 
� 	 
 � � 
 	 
� � � 	 
� � � �

ã 5 A-G �«ØÓ7á�(�-u SPPs[20]

B�%á�duÙÕA�(�A:û½
§
�äkØÓÏ~��>A5. �$L��>A5
r��6uªÇ!>ÖßÝ!§Ý±9	\>
|!^|, �äáÚå�´, §�>�ÇJÜ3Ø
ÓzÆ³�¹e�±ÑyK� [29−33]. Ïd, ù�
ïÄ THz Å SPPs �A5Jø
ûÐ�Å� [34].

Jablan � [35] @��$LL¡�lfÅy���ï
<
ïÄù	� THz ª�B�1fÆÚ�Ã0�
Jø
q�Å�. ïÄuy�$Lé|�Û�zÚ
OrÏf��3 200, ¿��lfÅ�DÂ�Ý 10

�u�lfÅ�, 
ÊÏ Ag 7áOrÏf�3 20,

ÙDÂ�Ý�k�lfÅ���©��. Dubinov
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�< [36] ïÄ3r1ì�ü��õ��$L�, �
)�L¡�lf�áÂXê�K�, l
äkOÃ
y�, ù«�A�U�A^uTHz -1ì.

Ùg, |^%B�+����±¢y THz Å
ã SPPs. Wang �< [37] |^��0�nØ©Û%
B�+��3 THz Åã�0>A5, ��
A½
ªÇ��S�K0>~ê, |^±Ï5»(�¼�

 SPPs.� � �

脉冲

�� � � �
脉冲

� � � �
	 � � � � 
 � � � �

� � 
� � 

ã 6 (a) InSb THz SPPs �ß�(�; (b) THz SPPs 3 InSb L¡
�DÂC� [27,28]

l þ ¡ � Ø ã � �, ´ Ä U 
 ¼ � THz Å
ã SPPs, Ì��ûuá���A5Úá���
3Û«§ÝþÉ�,!1!>!^!9!§Ý�
^�N�±¢y���0>A5. 
y3�B�E
Eâ�uÐ���±¢yN�á��>!1ÆA

5, AO´<óÜ¤��á� —– �Ã0� (Meta-

material) �Ñy, 3�Ög,.�Ï"y�A THz

Åã�á��ü
­���Ú, §ò��lf1f
Æ�(Ü�ÓÐ� THz ù�Q�@�´ “Gap” �
äk­�A^d�ª��{wuÙ.

3 THz Åã SPPs �D�

3L��Acp, 1ÏLæÅ���»(��
�ßy�Úå
L¡�lf1fÆ+��ïÄ9
�. L¡�lf1fEâ�ýóò´e��1f�
¡�OÚïu�'�Eâ. �
¢yù�8I, 8
c¤¡��Ì�]Ô´XÛU
��L¡�lf
���DÑ.

3.1 777ááá - 000���ÅÅÅ���

�
�� THz Å SPPs �DÂ, Nõ�ï<

JÑ
ØÓÅ�(� [38−46]. Maier � [47] 3�Îû
�NL¡��±Ï5Å«G7á]ø¢y
 THz

Åã SPPs É�u�NL¡¿÷X�NL¡DÂ,

�±Ï5]ø��ÝëYCz�, SPPs Ñyà�y
�. c¡Q©ÛL, éuû�N, Ù�lfªÇ3C
b	Åã, 
3 THz Åã, 7áL¡� SPPs ��´
òÛ�z�f�Å. æ^ù«�{, é SPPs ���
¿Ø�67á�>�Ç, 
´���6uL¡�±
Ï5(�, Ó�, SPPs �ÚÑ'X�dL¡(�û
½. ã 7 ¥¤«�´3 0.6 THz, SPPs ÷ØÓ�NL
¡�DÂÚà��A.� � � � � � � � � � � � � � � � �

ã 7 0.6 THz � SPPs DÂ (�>) �à� (m>)[47]

3��1Ú�ÅÅã, 7á V .ø�±D�
$�Ñ!p���L¡Å [48,49]. Dominguez � [50]

|^Ó��g�ïÄ
 THz Åãû�N V .ø
(�� SPPs DÂA5. �37áL¡��±Ï
� 200 µm � 100 � V .ø, ¿±ØÓ�»�­ 90◦

�5*	 SPPs �DÂ�, uyù�� V .(��
��±D� SPPs, 
��­�Ñé$, '���|
^7á�DÂ SPPs ��Ñ�éõ [51], �X�­
�»�O\, ÙDÑÇO\. Xã 8(a) ¤«ØÓ�
­�»� THz Å SPPs �DÂA5. ù«DÂål

137301-5
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�!�­�Ñ$�Å�3D� THz ÅA^¥äk
�½�då. ã 8(b) ¥´|^ Domino (��O
� THz Å SPPs Å� [52].� � �

� � � � � � 	 � � 
 � � 	� � � � � 
 	 � � � � � 	
� � � � � � � �

ã 8 (a) ØÓ�­�» V .øé SPPs �D� [51]; (b) Domino

Å� [52]

Ø
7á - 0�Å�(�	, Tian � [53] �O

�« “n²£” (�� THz Å SPPs Å�. ¥m
�´d0��¤, þeü�´é¡�7á»(�.

ÿÁ��
�ålL¡Å�DÂ, 
�duþeü
� SPPs �ÍÜ, d(�Ó�¢y
 SPPs �OrD
Ñ�A.

du)Ô©f��ÄÚ=ÄU?TÐ3 THz

Åã, Ïd THz Å3&ÿÚ£O)Ô|��¡äk
ÕU�þ�`³. �´, du THz Å3Y¥�P~
ér, �Ü©ïÄæ^eÈ�½ZH��¬®",

$��,à¯L?1 THz ��ÿÁ [54−57]. Ï
,

ù���{�U¼�)Ô�¬L¡�&E, éu)
ÔN&E�¼��3Øv. �Ä�)Ô|�Ñ´?
u��XÚ¥, Chen � [58] òdæÅ�Ô��¤�
»(��\Y¥, ïÄÙ THz �DÑA5, ¿�J
�
��0��1Æëê. ÙïÄ(Jé&ÿ?u
���)Ôá��á5äk­�d�.

3.2 ������NNN - 000���ÅÅÅ���

Ï THz L¡�lfÅ��±A^u THz N�
ì!þf?é-1ì!C|1Æ±9Daì
�
�2�ïÄ [59−62]. 31Åã, |^L¡�lfÅ
��Da�&ÿü�0���Daì®Cû�z.

�´, 3 THz ÅãéJ��ù��(¯Ý, Ï�ù
���ü���� THz �lf��', ÙþÝCq
�ÑØO. �
JpÙ&ÿ(¯Ý, Shu �<3 p-Si

�.þ��õ�70��, duõ�7äk���
SÜL¡, l
�±¢y THz Åã(¯Ý�p�
Daì, Ù(�«¿ã±9ØÓõ�7þÝ�^|
©ÙXã 9 ¤«. lã¥�±wÑ, �Xõ� Si þ
Ý d �O\, Ù|©ÙÌÝO\.

3.3 ������NNNÅÅÅ���

3 THz Åã, ��N´ïÄk
�lf1fÆ
�ûÐá�, THz SPPs �9!1!>!^�m'3
L��Ac¥��2��ïÄ, ¿��±é SPPs

��?1k
��. �´|^Ø7á	���Ná
����lfì��, �3�p�Uþ�Ñ. �

�Öù�"�, æ^p§��N����N�7á
��¢yé SPPs �D�äky��¿Â. ®²y
¢, ��N�(´�lfN1fÆ0�. ~X, Ô�
í��Näk�r���É5¿�Pkõ� Cu2O

��N, 3 Cu2O ��m�3 Josephson �lf��
�A, 
ù«�A?u�Å� THz Åª� [63].

Tsiatmas � [64] Ägl¢�þïÄ
7���
.þp§��±Ï5æÅ��3�ÅÅã (0.07—

0.11 THz) � SPPs �ß�Or�A, ¼��(J'
æ^7á�����Ñ��õ. Ó�y¢
p§�
���äkK�0>~ê. ã 10 ¥w«����
��ßA5, �ãL«¢�C�.

Zhang +��ïÄ�| [65−67] 3 500 µm þ
� 7 � � � . þ � � 
 280 nm � k � � z
Ô (YBCO) ��N��, ,�|^1�Eâ�¡
Ñ±Ï� 100 µm!�°� 50× 65 µm �±Ïü�.

ÏL THz ��1Ì¤ÿÁ
 SPPs �ß�A5, X
ã 11 ¤«, �ã�±Ï5��Nü�. lã¥�±
wÑ, ù«��N3é��§Ý��S�¢yN�,


�ß��Ñé$, ùò3 THz SPPs ì�¥k­
�A^d�.
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 �
 
 ���� � � 	 � � � � � �� � �� � � � � �
� � � � � � � � � � � � � � �

� � � � �  	 �� � � ! � " 	 �� � � � � � 	 �� � � 	 � � # 	 �$ %& '( )*+ ,-./0 1
ã 9 (a) ÿÁ(�ã; (b) õ� Si /m; (c) ØÓþÝõ� Si � SPPs |©Ù [24]� � �� � �� � � � � � � � � � � � �� 	 
 �� 
�� ����� � � �� �

ã 10 æÅ���N±Ï5�»�ß�A5 [64]

� � �� � �� � �� � �� � �
� � � � � � � � � � � �� 	 
 �

� � 
 �� � � �� � � �� � �� � � � �
ã 11 YBCO THz SPPs �ß�A5 (�ã���N�(�)[65]

4 THz Åã SPPs ��#A^

4.1 THz LLL¡¡¡���lllfffDDDaaaAAA^̂̂

du THz Å��>lA5±9�õê©f
�1Ì�Aá3ù�Åã, Ïd�õ�ïÄ,�
8¥3|^ THz 1Ì©Û)Ô!zÆÔ� [68,69].


 THz ��1Ì¤��)�ïÄ)ÔN�1ÌA
5Jø
rkå�óä. @Ï31Æªã�ïÄ
ó�L² [70], 3 Au L¡�kÅÔ���±�)
L¡�lf��, l
�±|^ù«y�¢yék
³íN�&ÿ [71]. ,
, THz Åã¤éA�Å�
3 30—3000 µm, duû�4�, |^ù��Å�
�&ÿ�NÈÔ�´éJ¢y�. �CïÄL²|

^ THz L¡�lfU
±p(¯Ý&ÿ�0�ò
�Ç���Cz [72,73], ù�A5´¢yL¡�l
f��Da�Ø%¤3, ù��±i�Ûõ3)Ô
L¡4ÙE,�CzL§ [74].

Hassani � [75] | ^ 30 µm c > à   � Í
¯ L (PVDF) æ C 3 d � » � 1480 µm � A Í
9 (Teflon) �¤�õ�1nL¡, 1nSÜk 4 �
�, ���»� 76 µm, må� 86 µm. 3�¥mW
¿ØÓ0�, ¢yÙ SPPs DaõU, 3±�í��
ïÄé��, �ò�ÇCz 0.01 �, ¼��Da(
¯ÝÚ�ÑXã¤«. lã 12 ¥�±wÑ, �ò�
ÇCz 0.01 �, ¬���Ñ¸�u) 4 µm �£Ä,

Ù(¯Ý©EUå��
 4 µm/∆n (∆n = 0.01),

ù«p(¯ÝDaì�±A^u�«íN�&ÿ.
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3c¡� 2.2.2 ¥®²?ØL, �$L�±�
) THz Å SPPs, 3Daì¥k2�A^ [76,77]. �
Ù¦Ô�©f½ö	ò�áN��$LL¡�, 3
1Ì¥¬k THz ¸�Ñy, ù��A�Ì��±^
u THz �«£O. duz�©fÑkgCA½�¸
�Ì�, 
�ØÓ©f¬Úå>�Ç�Cz, ù¦
��$L���pÀJ5!p(¯Ý� THz &Ò
DaìÚu)ì. Rangel � [78] |^�$L�m�
�lfNA5ÚL¡�¯a5¤õï�¤��·
ªì, ¢y
õ&ÒÑ\�Úª!�ª±9p�ª
Ç&ÿ. 
�, ù
Ñ\&Ò�5gu©f��Ä,

l
ù��·ªì3 THz ªã�Da�Æ�ó§
+�k­��A^.� �� �� �� �� � � �� ��� �� �� �

� � � � � � � � � � � � � � �
波长� � 	灵

敏
度

损
耗


��

 ���� � � �� � � � � � � � � 	� � � 	 � � � �
ã 12 SPPs Daì�(¯ÝÚ�ÑA5 [75]

4.2 LLL¡¡¡���lllfff333 THz þþþfff???ééé---111ììì���
AAA^̂̂

þf?é-1ì (QCLs) �Ñy� THz ª�
�Z-1
�uÐm8
#��´. THz QCLs �
?u¯�uÐ�ã, 3¤�!DaÚzÆ�¬�
	�&ÿ+�kd3�A^ [79−82]. |^V7á
Å��O� THz QCLs, Ù-1k
« u7á²
��7á��m, Ïäk�p�1��ÚûÐ��
95U, �±ó�3�p�§Ý
�äk�$�K
�>6 [83−85]. �´, ù3æÅ�-1�»¥��
� - �r���, l
Úå$�õÇÑÑ. ùé THz

	�&ÿ�~Ø|, Ï� THz QCLs �-1ÑÑ7
Là���~���AÄ1>�4+��Â¡þ.

Yu � [86] ÏL�O SP (��±N� QCLs ¥­�
,��NL¡� SPPs ÚÑ'X, l
Uõ-1ì
1åuÑ�, -1ì���5d�5� 5 dB Jp
� 16 dB. Liu � [87] |^�ý���N� SPPs Å�

�O
A�§Ý� 57.5 K!ó�ªÇ3 2.94 THz

� QCL, -1ì3 70 K ��1õÇU�� 1 mW.

4.3 THz ���lllfffpppÏÏÏÈÈÈÅÅÅììì

éuÊÏ7áá�, ÏLgd>fínØ�
±£ãÙé>^Å��AA5. 7á�0>A5
d Drude �.£ã, Ù¥�lfªÇ ωp Kd7á
�>fßÝÚ>f�þû½. du�Ü©7á�g
d>fßÝ3 1023 cm−3 þ?, ù�û½
7á�
�lfªÇ3��1�b	«�.

3Nõ¢Só§¯K¥, �¦ò�lfªÇl
1Åãü$�ù	!�â[±9�ÅÅã. 
<ó
Ü¤á� – �Ã0��Ñy, �±¢yù�8�.

Ùg�Ä:´ÏL�ïæÅ�7á - 0�á�, �
±ü$Ü¤á��>fßÝ
��~��lfª
Ç�8�. Wu � [88] ÏL����7á�
�¢
y
�â[Åã�lfpÏÈÅì. Xã 13 �ã
¤«, ��7á
��AÛº�� 2.1×2.1×1 mm,


�±Ï� 120 µm, 7á���»� 30 µm, �Ý
� 1 mm, ù�7á��»'�u 30. ÏLFp�ù
	C�©1ºÿÁ��
 0.6—6 THz �����
Ì, l¥�±uy, Ù��7á
���lfªÇ
3 0.7 THz, �nØO�ÎÜ�éÐ. 3ÿÁ�ªã
S, ��Çé$, y¢
ù��ì��±^��â
[�lfpÏÈÅì, 
�é\�Å�4z���
��ÌØÓ, ��±^��â[Åã�4z¯aÈ
Åì. Ó�, ÏLN���7á��AÛº�, �±
¢yØÓÅã�ÈÅì [89,90].� � ��� � �� � � � � � � � �

频率� 	 
 �反
射
率

� 
�� ����� � � � � � � � � � � �� � �
ã 13 7á
�(�3�â[Åã���Ì [88]

þã¤� THz SPPs A^�´Xì��, �u
�Ì, Ù¦� THz L¡�lf1fÆ�A^, X
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�«Å�!C|1Æ!THz C|w�º±9k

 THz L¡�lf1fÆ�Ø3d�Ñ.

5 o(�uÐª³

�©Ò THz Åã SPPs ��)!D�9Ì�A
^+��
���[�8B. ©¥J�� THz SPPs

�)�{8cÌ�8¥3¢�¿ïÄ�ã, ¿�Ø
äk#�(JÑy. Ø
�¢^z��ò?±	.

)ö@�, 8�3�+��9:ïÄ��Xe:

#��B��EEâ�¯�!�¡�uÐ�
ïÄ<
Ü¤<ó�á�Jø
ýÐ�Å�, ù

á���O���±��Ù�>^Å��p�^.

8c, ù�+��?u¯�uÐ�ã. g,m��
Ná�, dÙ�f!©f�þfU?(�û½
>
^�A�U?u1ÆÅã, ��, <ó�á��>
^A5dÙæÅ��lf��A5û½, Ù>^�

Al��1ò��ù	!THz ±9�ÅÅã. Ïd,

�5�ã�mS, <ó�á�� THz SPPs ò´ï
Ä�9:. d	, Äu<ó�á�� THz k
 (�
��, äkOÃ½��5�Aá�) �lf1fÆ
3DaÚU
�+��A^�¬��2��ïÄ.


Äu1ÆC�¤¢yé “>^�m” ���Jø

,��uÐÅ�.

Ò)ö¤
)��¹, ,��uÐª³�´
é²K�, @Ò´|^B�á� (X%B�+, �
$L)!þf>^á�±9��á���8c�7
á!��N±9�á�¢y THz Åã� SPPs �
�. Ï�, DÚ�7á!��Ná�-u� SPPs U
þ�ÑØ�;�, �
¢y SPPs ��ålDÑ±
9��ØÓ´»�DÂ, æ^1!>!åÆ5U`
É�á�´Ø�;��, AO´��á�3 THz Å
ã-u SPPs �ïÄòiå,��ïÄ9:.
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Abstract

Plasmonics, which deals with the unique optical properties of metallic and semiconductor nanostructure, is one of the most

fascinating and fast-moving areas of photonics. Its board scale research in the visible, infrared, terahertz and microwave frequencies has

driven by the advances in the micro/nano fabrication and the computational simulation technologies, as well as the potential applications

in areas of high sensitivity bio-chemical sensing, sub-wavelength light-guiding, near-field microcopy, and nanolithography. Especially,

the development of the artificial metamaterial has laid the good foundation for the material and devices in the terahertz frequency range,

which is barely responded by the nature materials, and furthermore, has promoted the progress of terahertz surface plasmonics. In this

paper the generation, propagation, new applications, and perspective of terahetz surface plamonics are reviewed and discussed.

Keywords: terahertz, surface plasmonics
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