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JÑ
�«$�Ñ!°ªã�â[V�1f�Y1n½�ÍÜì, 1n���dæÅ�ºÝ¥n�¬�ü�
��í�|¤, ü�n�©Od�K 7 ��í��¤. |^�¥þk��{é1n�ÚÑ!ÍÜA5±9�ÑA5
?1
nØ©Û. ïÄL², ù«ÍÜì��ÑXê�u 0.021 cm−1, ���´�±¢y 0.14 THz ��S�°ª
½�ÍÜ. ù«½�ÍÜì3�â[Ï&XÚ¥ÈÅ!Å©E^! �©lÚm'�Eâ¥kd3�A^d�.

'�c: �â[, �â[1f�Y1n, 1nÍÜì, ÍÜ�Ý

PACS: 87.50.U–, 42.81.Gs, 42.70.Qs

1 Ú ó

�â[ (THz) Åq¡�Î�ÅÚæÎ�Å, 0
u�Å�ù	Ë��m, ´>fÆ�1fÆ�L
Þ+�. duÙ¤?�AÏÅÌ �, THz Åäk
ßÀ5!S�5!p1Ì&D'�Nõ`�A5,
®²�2�A^uÔN¤�!1Ì©Û!���
ä!á�©ÛÿÁ±9Ã�Ï&�Eâ+� [1−10].

Cc5, dué THz Å���\ïÄ, ®²
JÑ
Nõp5U THz Å�(�, Xà7á�Å
� [11]!7á+Å� [12]!æÅ�àÜÔ1n [13]!
��1f¬N1n [14]!õ�1n [15] �. �X THz
Å�Eâ�uÐÚDÑ5U�Jp, éÄuÅ�(
�� THz õUì��ïÄ�ÅÚ¤���#�ï
Ä9:. î8��, THz pVò�1n®²�2�
?ØÚïÄ, �´é THz 1n½�ÍÜì����
'���. 2009 c Dupuis � [16] ÏLrü�æÅ
�àÜÔ1n�C��, |^1n��¥Uþ�p
�^¢y½�ÍÜ. éuù«1nÍÜì, THz �
�Uþ�áÂ0��U¡È��, á�áÂ�Ñ
�$, �´æÅ�àÜÔ1n±�í����, N
´É�	.�Z6�)���Ñ��Ñ, AO´

�í¥Y�í�K�. �
�Ñ	.�Z6, 2010
c Nielsen � [17] JÑ
�«V�(�n��1f
¬N1n½�ÍÜì, �±¢y°�½�ÍÜ, ,
ù«V�ÍÜì(�E,, Ø´\ó, ÍÜ�Ý
�� (� 40 cm), �á�áÂ�Ñ�'��.

�©JÑ�«$�Ñ!°ªã THz V�1f
�Y1n½�ÍÜì, 1n���dæÅ�ºÝ
¥n�¬�ü���í�
��¤, ü�n�©
Od�K 7 ��í�|¤. �
&¢�«�±¢
y°ªÍÜ�1n½�ÍÜì, �O
ü«ØÓ�
V�(�. ïÄuy, ÏLÜn�O1nV��å
l, �±¢y�ÑXê�u 0.021 cm−1, DÑ�°
� 0.14 THz, ÍÜ�Ý�u 15 cm � THz 1n½�
ÍÜì.

2 1n(���.©Û�{

ü« THz V�1f�Y1n½�ÍÜì�
à ¡ ( � X ã 1 ¤ «. 3 à Ü Ô p � Ý à ¯
L (HDPE) ¥, U n � ¬ � 
 � ÷ 1 n ¶ � ±
Ï 5 ü � � í �, 3 1 n � n � ¥ � K 14 �
�í�/¤V�(�. ã 1(a) ¥n�¥%ål
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� 3Λ, ¡ Ù � I . 1 n, ã 1(b) ¥ n � ¥ % å
l�

√
7Λ, ¡Ù� II .1n. �
�ØL¡�,

�n��» Rc = Λ (Λ �¬�±Ï, =��¥
��ü�í�¥%�m�ål). 3O�¥, �
¬ � ± Ï Λ = 490 µm, � í � � » � ¬ � ±
Ï' d/Λ = 0.96, �íò�Ç nair = 1, �µá
� HDPE �ò�Ç nb = 1.534[18].

ã 1 ü « THz V � 1 f � Y 1 n � à ¡ ( � « ¿ ã
(a) n�ål� 3Λ, ¡� I .1n; (b) n�ål�

√
7Λ, ¡

� II .1n

�¥þk��{´l Maxwell �§Ñu, ��
¥þÅÄ�§:

∇× (∇× E) − k2
0n

2E = 0, (1)

Ù¥ E ´>|rÝ¥þ, k0 ´ý�¥�Åê, n ´
0�ò�Ç. du1n3p�äk²£ØC5, �
±ò E Lã�

E (x, y, z) = E (x, y) exp (−iβz) , (2)

β ´DÂ~ê. ò¦)«� (1n�à¡) ?1lÑ

z, d�§ (1) �±������§:

[K] {E} = k2
0n

2
eff [M ] {E} , (3)

[K] Ú [M ] �k��Ý
, {E} �lÑz>|r
Ý, neff ��ª�k�ò�Ç. ù�¥þÅÄ�§C
¤IO����¯K, ÏLê�¦), �±��1
n��|©Ù9�A��ªò�Ç, ?©ÛÙÚ
Ñ!ÍÜA5±9�ÑA5.

�
�yk��{3O�V�1f¬N1n
¥�k�5, ·�|^ Rsoft ^�¥Äu²¡ÅÐ
m{� Bandsolve �¬, é I .1n?1
é'ï
Ä. |^²¡ÅÐm{O�1n�ª�k�ò�Ç
±9�|©Ù7L|^���(�. ã 2 ¤«´·
�À�����(�. 3O�¥, À�����(
���, O�°Ý�p, �´O��m���. ã 3
�Ñ
 I .1n y  ���þÛ��k�ò�Ç
�ªÇ�Cz�, ã¥¢�´|^²¡ÅÐm{
O����(J, :�´|^k��{���(J.
lã¥�±wÑ, ü^�A�U3�å, Ø�
�~�. dd��, |^�¥þk��{5O�V
�1f¬N1n�D�A5´���.

ã 2 ���(�

ã 3 I .1n y  ���þÛ��k�ò�Çé'
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3 ê�(J�©Û

3.1 ÄÄÄ������kkk���òòò���ÇÇÇ

ã 4 �Ñ
 THz V�1f�Y1nÄ��k
�ò�Ç±91f�Y>��ªÇ�Cz�,
(a) ãéA�´ I .1n, (b) ãéA�´ II .1n.
du31n¥Ú\ü�n�, Ä�3ü� ���
þØ2{¿, u)©�, ¿�3�Y��S, z� 
���þÑy
ü����ª, ©O¡�ó� (é
¡�) ÚÛ� (�é¡�). �`²¯K�B, �V�
¥%�ë���� x ¶��, R�uë����
� y ¶��. dã��, I .1n3���Y«�S,
y  ���þó��k�ò�Ç�'Û�k�ò�
Ç�, �´éu x  �3 f = 0.93 THz NCü«
�ª�ÚÑ�%Ñy���:, l�:�pª«
�, ó��k�ò�Ç'Û�ò�Ç�. ù��:
�¡��Í:, d�ó��Û��DÂ~êªu�
�, Ñyù«y��Ì��Ï´duL¡��K�.
L¡�é x  ���þó��K���, éÛ��
K���, Ïdó��ÚÑ�'Û��ÚÑ�
�Í, ùÒE¤
ü^ÚÑ����; �´3 y

 ���þ, L¡�éó�ÚÛ��K��O��,

ã 4 Ä��k�ò�Ç (a) I .1n; (b) II .1n

�Ø¬u)�Íy� [19]. éu II .1n, 3���
Y«�S, y  �Û��k�ò�Ç�'ó���,
éu x  ���K�Ð��, ¿�3ü� ���
þÑvkÑy�Íy�. ù´du x  ���þÛ
�ÉL¡�K���, ÚÑ�Cz�Í, �vk
Ñy�Í:; éu y  ���, Ú I .1naq, L
¡�éó�ÚÛ��K��Oé�, Ïdü^ÚÑ
�A�²1.

3.2 ÍÍÍÜÜÜ���ÝÝÝ

�
ïÄV�1f�Y1n½�ÍÜì�Í
ÜA5, ·�©Û
 THz V�1n�ÍÜ�Ý. Í
Ü�Ý�½Â�\�1õÇl��n��Ü=£
�,��n�¤I�1n�Ý. l�ªnØ�Ý5
w, ÍÜ�ÝÒ´ó�ÚÛ��) “û” �Ý��
�. Ïd, ÍÜ�Ý�±Lã� [20]

Lc =
π∣∣βi

even − βi
odd

∣∣
=

λ

2
∣∣ni

even − ni
odd

∣∣ , i = x, y, (4)

Ù¥ βi
even Ú βi

odd ©OL« i  ���þó�ÚÛ
��DÂ~ê, ni

even Ú ni
odd ©OL« i  ���

þó�ÚÛ��k�ò�Ç, λ L«ý�¥ THz Å
�Å�.

ã 5 �Ñ
V�1f�Y1nÍÜ�Ý�ª
Ç�Cz�. éu I .1n, x  ���þÍÜ
�Ý3$ª«��XªÇ�O�×�~�, 3p
ª«�q�XªÇ�O�ÅÚC�; y  ��
�þÍÜ�ÝK�XªÇ�O�üN4O, A�
¤�5Cz'X, l 0.92 THz � 1.08 THz, ÍÜ
�Ýl 0.208 m Cz� 0.308 m. éu II .1n,
x  ���þÍÜ�Ý�XªÇ�O�ÅÚC
�, 3 1.06 THz NC�����, ��q�Xª
Ç�O�ÅìC�. ��5¿�´, 3 y  ��
�þ, ÍÜ�Ý�XªÇ�O�CzÌÝ�~�,
l 0.92 THz � 1.08 THz, ÍÜ�Ý=k 0.01 m �
Cz, =l 0.133 m Cz� 0.143 m. nþ¤ã, I
.1nÃØ´|^ x  ��´ y  ����ÍÜ
A5, ÑØ¨^�u°�½�ÍÜ; |^ II .1n
y  ����ÍÜA5, �±¢y THz Å�°ª
½�ÍÜ. ¦+ II .1nù«(�' Nielsen � [17]

JÑ�V�(�n�1f¬N1nÍÜì�ÍÜ
�°�Ä, �´1f�Y1nr���Ü©UþÛ
�3�ín�¥, k�/ü$
ÍÜì�á�áÂ
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�Ñ, ���±ÏL?�ÚO�Ó�'5*ÐD
Ñ�°.

ã 5 ÍÜ�Ý (a) I .1n; (b) II .1n

3.3 ���¦¦¦���ÑÑÑ���ááá���áááÂÂÂ���ÑÑÑ

du THz 1f�Y1n���í���ê´
k��, ùò��Ü©��Uþu)�¦, �Ü©
�1nÄ.á�¤áÂ, �Ü©l1n¥Ë�Ñ�.
Ïd1nUþ��ÑÌ�5uá�áÂ�ÑÚ
�¦�Ñ, =

Ltotal = Lleak + Labs, (5)

Ltotal, Lleak Ú Labs ©OL«oUþ�Ñ!�¦�
ÑÚá�áÂ�Ñ. �¦�Ñ Lleak �±ÏL��
ò�Ç�JÜ¦Ñ:

Lleak = 2k0Im (neff) , (6)

Im L«¦JÜ. á�áÂ�ÑXê�d8�zá�
áÂ�ÑXê�á��NáÂXê�¦ÈL« [21]:

Labs = αmLnorm

= αm

√
ε0

µ0

∫
background

nb |E|2 dA∣∣∣∣∫
all

SzdA

∣∣∣∣ (7)

Ù¥ αm ´1nÄ.á��NáÂXê, “back-
ground” Ú “all” ©OL«1n�Ä.á�Ú��
1n�î�¡, nb ´Ä.á��ò�Ç.

ã 6 �Ñ
�¦�Ñ Lleak � THz ªÇ�Cz
�. Ø+éu I .1n�´ II .1n, 3�Y�¥

�¦�ÑÑ�~�, �ÑXê�u 10−7 cm−1, �
XªÇ�C�Y�>��¦�Ñ×�O�. ù´d
u3�Y¥
, �Ü© THz ��Uþ�Û�3n�
¥DÑ, �XªÇ�C�Y�>�, ����YÛ
�Uåeü, ��Uþ×�*Ñ���¥, lO
�
1n��¦�Ñ.

ã 6 �³�Ñ (a) I .1n; (b) II .1n

ã 7 �Ñ
8�zá�áÂ�Ñ�ªÇ�C
z�. lã¥�±wÑ, 3�Y¥
, 8�zá
�áÂ�Ñ$u 0.07, �XªÇªCu�Y>�,
áÂ�Ñ×�O�. ù´du1f�Y�Ar�
���Ü©UþÛ�3�ín�¥, lwÍ/
ü$
���áÂ�Ñ, �ªÇ�C�Y>�, �
��YÛ�UåwÍeü, ��Uþ×�*Ñ�
��Ä.á�¥, lO�
1n�áÂ�Ñ. ù
¿�X���áÂ�Ñ�éuÄ.á�NáÂ�
Ñ5`~��� 15 �. XJ1nÄ.á��N
áÂXê� 0.3 cm−1, ���áÂ�ÑXêò�
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u 0.021 cm−1. dþ��, �¦�Ñ�'uá�á
Â�ÑA��±�ÑØO, �Ò´`ù«1f�Y
1n��ÑÌ�5guá��áÂ�Ñ. ��5¿
�´, �'u®���Ù¦ THz 1n(�, ·��
O�ù«V�1ná��Ñ�é��.

ã 7 8�zá�áÂ�Ñ (a) I .1n; (b) II .1n

3.4 +++���ÝÝÝÚÚÚÑÑÑ

+�ÝÚÑ´1n��5Uëê��, Ú
Ñ¬����1óÀ31nDÑL§¥u)ó
ÀÐ°, �¦c�óÀ�pU, Úåêi&Ò�
èmG6, l��1nDÑ�Ç�?�ÚJp.
3 THz Åã��S, �íÚ1nÄ.á� HDPE
�á�ÚÑ�±�ÑØO, Ïd, 1n�+�ÝÚ
Ñ (GVD) �±dÅ�ÚÑCqL«:

D =
d2Re (β)

dω2
, (8)

Ù ¥ ω ´ � ª Ç, Re L « � ¢ Ü, β ´ � � D
Â~ê.

V�1f�Y1n+�ÝÚÑ�ªÇ�Cz
�Xã 8 ¤«, ÚÑ�3�Y>�Cz'�Í
�×�O�, 3�Y¥
Cz�é²�, �XªÇ
�O�+�ÝÚÑ�úO�. éu I .1n, x  �
��þó�'Û��ÚÑ�Cz�Í, �´ y  

���þó�ÚÛ��ÚÑ�Cz5ÆÄ��
�. éu II .1n, 3�Y>�«�ü� ���
þÛ�ÚÑCz'ó��Í, 3�Y�¥
«�,
y  ������ÚÑ��' x  ����\²
", �Ò´`éu y  ����·Ü°�DÑ. Ñ
yù
y���ÏÌ�3uL¡�é���K�
§ÝØÓ, ùÚc¡�©Û(J´���.

ã 8 +�ÝÚÑ (a) I .1n; (b) II .1n

4 ( Ø

�
� Nielsen � [17] JÑ�V�(�n�1
n½�ÍÜì?1'�, L 1 �Ñ
ü«1nÍÜ
ì�A5ëê. lL¥�±wÑ, ·��O�V�
�1f¬N1nÍÜì�V�(�n�1f¬N
1nÍÜì�', DÑ�°�Ä, ùÌ�´du�
�1n´Äu1f�Y��YÛ��n, �(�
n�1n´Äu�S����n, Ø¬É�1f�
Y��å. du3¢S1nÏ&¥, �Ü©XÚæ
^�1�°Ñ'�Ä, A�´OüÚ1, Ïd
ù«Ä�°ÍÜì��±÷v¢SI¦. ,V�
(�n�ÍÜì�ÍÜ�Ý�L 40 cm, �DÑ�
Ñ?u 10−1 cm−1 êþ?, �©JÑ�1nÍÜ
ìÍÜ�Ý3���Y��S=?u 13.5 cm �
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m, Ùá�áÂ�Ñ�u 0.021 cm−1. ���Í
Üì�'u�(�n�ÍÜì�N´.�, .��
(�n�ÍÜì�Ì�(J8¥uéü��(�
n��\óþ, dun�¥�í��ºÝ?uæÅ
�þ?, $^yk�.�Eâ'XÅ�}�{Ñ'
�J¢y, ,V��ÍÜì�n�´��í�,
�±�B/|^æÈ{Ú~{Eâ [14,16] ?1.
�, ;�
én��°[\ó?n.

nþ¤ã, �©JÑ
��dn�¬�
�
�í��¤�ü« THz V�1f�Y1n½�Í

Üì, |^�¥þk��{é1n�Ä�k�ò
�Ç!ÍÜA5!�ÑA5±9+�ÝÚÑ?1

nØ©Û. ê�(JL², |^ II .V�1n(
��±¢y�ÑXê�u 0.021 cm−1, DÑ�°
� 0.14 THz ��S�°�½�ÍÜ, �1n�
+�ÝÚÑ3DÑ�°��S�'�²". ù«
à Ü Ô � � 1 n ½ � Í Ü ì 3 È Å ! Å ©
E^! �©lìÚm'�Eâ+�¥kXd3
�A^d�.

L 1 V� THz 1nÍÜì�A5'�

1n(� DÑ�° ÍÜ�Ý áÂ�Ñ

V�(�n� THz 1f¬N1n½�ÍÜì 0.6 THz ∼ 45 cm ?u 10 −1 cm−1 êþ?

V�� THz 1f¬N1n½�ÍÜì 0.14 THz ∼ 13.5 cm < 0.021 cm−1
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Terahertz dual-core photonic band-gap fiber
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Abstract

A low-loss and broadband terahertz twin-core photonic band-gap fiber directional coupler is proposed, which consists of a

cladding with a triangular lattice array of sub-wavelength air rods and two cores formed respectively by omitting seven nearby air

rods. The group velocity dispersion, the coupling and the loss of the fibers are investigated by using a full-vector finite element

method. The numerical simulations show that the loss coefficient of the coupler is less than 0.021 cm−1, and the coupling broadband

of 0.14 THz can be realized. The directional coupler has potential applications in terahertz communication systems, such as filtering,

wavelength-division multiplexing, polarization isolation, switching and so on.

Keywords: terahertz, terahertz photonic band-gap fiber, fiber coupler, coupling length
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