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�E
dÊÏá� A(SiO2) Ú>üKá� B |¤� (AB)N (BA)N .��1f¬N. ê�O�L²�B�
� 1907.3 nm ?Ñy
���©kb��B�. \��O\, T�B��ß�ÇÚ�¸�°Ýþ�±ØC, � �u
)7£, \��3 15◦—65◦ �«mS, £ÄÇ�ýé� |dλ/dθ| ��. � B 0��^�Ç µB l 5 O\� 10 �, �´
�B�� �u)
ù£. 0��AÛþÝO\�, �B��ß�ÇØC, �Ù �ù£²w, �¸�°ÑkO\.
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1 Ú ó

d u A É á � ä k A Ï � > ^ 5 �, C c
5, ¹AÉá��1f¬NÚå
<��2�'
5 [1−4]. <�rAÉá�Ú\1f¬N, ��
�
X�#Û�5�, ¿JÑ
�
d3�A^cµ,
X�.z����YÈÅì [1]!�ÝÈÅì [2]

�. 8cïÄ�õ�AÉá�k�Ãá� (Kò�
Çá�) ÚüKá�. Ï�üKá�¥>^Å�Å
¥�Jê, ¤±Ù¥��3×P�>^Å�ª, =
>^ÅØUÏL [3]. �XJòü«üKá�|Ü
3�å, ù«(�é,
ªÇ�>^Å´ß²�,
ù
Å��>^Å�±ÏL [4]. Alù Ú Engheta[5]

ïÄ
d>üKá�Ú^üKá�|¤�V�(
�, ¿|^��DÑ��{O�
ù«V�(�
u)���B�I��^� ({|��Ú� �
�), ©Û
�÷vþã^��, T(�¥|�©Ù
�¹. ©z [6] 3dÄ:þ?�ÚïÄ
T(�¥
�ß�A5, AÉá�¥��±�3Å��ª, =
3(�üý�ý�¥±×P|/ª�3�>^Å.
Ruppin[7,8] k�©Û
�Ã�±9k�þÝ�VK
á�L¡�lfN4z-� (=Å��ª) ��3
�¹, ©z [9] ©Û
¹VKá��õ�(�¥¤
�3�×PDÂ9���A, 3©z [10] ¥KÌ�

©Û
dü«üKá�|¤���V�(�¥�
DÂ�ªÚÅ��, y{� [11] ©Û
n�>üK
á�(�¥�>^Å�ª. þãïÄ��Ó:´Ù
ïÄé�Ñ´dü«üKá�|¤�1f¬N. Q
,AÉá�äkAÏ�>^5�, @o, d�«A
Éá�ÚÊÏá��O|¤�1f¬N�ATä
kØÓuÊÏ1f¬N��YA�. ?�ÚïÄd
a1f¬N��Y(�, éu�Y�¢�Úì�m
uäkÈ4�¿Â. �d, �E
dÊÏá� A Ú
>üKá� B |¤� (AB)N (BA)N .��1f¬
N, �ù��é¡(�, �´�Ä�����B, w
,, �I���Ñ (AB)N �X, ,��©��, éò
=¤¤I�1f¬N; �´Ï�¥%ü� B 0�
� “ÍÜ” ¤���n, ?
Ñy�B�. �
&?
da1f¬N��YA�, |^DÑÝ
{?Ø

�\��!^�ÇÚüKá��AÛþÝ©OC
z�, 3A½Å���S, T1f¬N� ��¹,
�3?�Ú&?düKá�ÚÊÏá�¤�¤�
1f¬N� �A5, �Ù¢�ïÄÚA^ì��
muJøkÃ�ë�.

2 Ôn�.

á� A �~�� SiO2, �¦¤���(J�
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äk¢S¿Â, 7L�ÄTá��ÚÑ, d©z [12]
ØJ�� SiO2 �ÚÑ'X�

nA(λ) = 0.3016λ6 − 1.775λ5 + 4.2667λ4

−5.3824λ3 + 3.7878λ2

−1.4413λ + 1.6929, (1)

(1) ª¥ λ ´\�1�Å�, ü ´ µm.
� B �>üKá�, Ù^�Ç� µB, 0>~þ

÷v [13]:

εB = 1 −
(
ω2

ep/ω2
)
(ω < ωep), (2)

(2) ª¥� ωep ´>�lfNªÇ. � A, B ü0�
�AÛþÝ©O a, b.

æ^DÑÝ
{, þã1f¬N�oDÑÝ

� [14]

M =
N∏
k

TkATkB ·
N∏
k

TkBTkA, (3)

Ù¥ TkA Ú TkB ©O´1 k ±Ï¥ A, B ü0��
A�Ý
, N �±Ïê. éu1 k ±Ï¥� j(j ©
O� A, B) 0��, ÙA�Ý
 Tkj �äNL«´

Tkj =

 cos δkj i sin δkj/ηj

iηj sin δkj cos δkj

 , (4)

Ù¥ δkj = 2πdj

√
εjµj − sin2 θj/λ, ηj ´ j 0��

�B, é TE Å, ηj =
√

εj/uj cos θj ; 
é TM Å,
ηj =

√
εj/uj/ cos θj . µj , εj Ú θj ©O�1 k ±Ï

¥ j 0��^�Ç!0>~êÚ1�3d0��
¥�ò��. e

M =

 m11 m12

m21 m22

 , (5)

Kß�Ç�

T =
4η2

a

|ηam11 + η2
am12 + m21 + ηam22|2

, (6)

(6) ª¥ ηa �1f¬N	ý0���B.

3 O�(J9©Û

�1f¬Nü	ýÑ´�í, >^Å�\��
� θ. é>üKá� B, � µB = 7, εB � (2) ª, a =
240 nm, b = 200 nm, >�lfNªÇ ωep � 109 Hz.

3.1 ééé¡¡¡(((���éééßßß���ÌÌÌ���KKK���

��	é¡5(�éß�Ì�K�, 1f¬
N�þãëê, �±Ïê N = 6. �\�� θ �

"�, �~(�Úé¡.(�1f¬N�ß�Ì
©OXã 1 ¥J!¢�¤«. lã¥��, �1f
¬N��~� (AB)6 (��, 3 1252—2886 nm �
Å�S´�î��B�. 
3dB�	ý�á!
�ÅàÑ´ºÜk���Ï�. 
�1f¬N�
é¡� (AB)3(BA)3 (��, Ùß�Ìk²w�C
z, �éAB��á!�Å>�©O£Ä� 1194
Ú 3294 nm ?, Ï
�B��°Ýd 1634 nm C°
� 2100 nm. d	, �3�B�¥ 1907.3 nm ?Ñ
y
���©kb��B�. ù�y��)º�:
Ï3é¡�.¡?ü� B 0�UÜ3�å, ¦Ù
þÝC��5� 2 �, eP� B′, ù��u3d?
/¤
 AB′A ."�, B�¥��B���u"�
�. 
é (AB)6 (�, ÏÃ"��, �da�~(�
1f¬N�B�¥Ø�UÑyù«"��, e3ù
«(�¥m\\,� C 0�, �U�)Ó���
J [15]. ù�(J�L²: ^ (AB)3(BA)3 .1f¬
N�±�O^ü«üKá�5��ÈÅì, �äk
²w�`³. �´�B��©kb, �ÙüÚ54
Ð, ã¥Nã´�B����ã, dNã?�ÚO
���, �B���¸�°=k 1.74 nm; �´^�
«ÊÏá��OüKá�, k�ü$
ì����
¤�. Ïd, ?�ÚïÄda1f¬N�YA��
¢S¿Â´w
´��.

ã 1 (AB)6 Ú (AB)3(BA)3 (�1f¬N�ß�Ì

3.2 \\\������ØØØÓÓÓ������ TE ÚÚÚ TM ÅÅÅ

3 3.1 �?Ø¥, Ï\���", ¤± TE Å
Ú TM Å�ß�Ì´���Ó�. �&?Ù �A
5, é (AB)3(BA)3 .1f¬N, �ëê�±ØC, �
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\��Cz�, Ù TE ÅÚ TM Å�ß�ÌXã 2,
3 ¤«.

ã 2 \��ØÓ� TE Å��B�

ã 3 \��ØÓ� TM Å��B�

lã 2 ¥��, \��O\�, TE Å�B��
ß�ÇÚ�¸�°Ýþ�±ØC, �Ù �u)

7£. �B�� ��\���£ÄÇ ∆λ/∆θ 3
¥m�ê���
3üà��. d	, \��O\,
TE Å�B��>�Ñu)
7£, � �£Ä ∆λ

Ú\��Oþ ∆θ m¥��5'X. ÏáÅà�£
Äþ��u�Åà, �\��O\�, �B�°Ý
CÄ. lã 3 ��, \��O\�, TM Åß�Ì�
Cz5Æ� TE Å��Ó, �Ù�B�� ��\
���£ÄÇ��u TE Å�. �B��\��
�CzA�L², da1f¬N��ÈÅì, ÃØ
é TE Å�´ TM Å, Ñäk�Ð�üÚ5Ú�Ý
°N5.

3.3 ^̂̂���ÇÇÇØØØÓÓÓ������ TE ÚÚÚ TM ÅÅÅ

�&?^�ÇØÓ�, þã1f¬N�B�
�Cz�¹, 1f¬N��ëê�±ØC, =´ B
0��^�Ç µB Cz. ê�O�L², �\��

� 40◦, µB l 5 O\� 10 �, þ1f¬N� TE Å
Ú TM Å�ß�Ì©OXã 4, 5 ¤«.

ã 4 0��^�ÇØÓ� TE Å��B�

ã 5 0��^�ÇØÓ� TM Å��B�

lã¥��, 3þã^�e, ^�ÇO\�, TE
Å�B��ß�ÇÚ�¸�°Ý9��Ï��ß
�Çþ�±ØC, �B��!áÅ>�Ú�B��
 �u)
ù£. ÏB��Åà�ù£þ��uá
Åà�, � µB O\�, �B�C°. é TM Å, ^�
Ç µB O\�, Ùß�Ì�CzÚ TE Å�Cz�
�, �B��Åà�£Äþ�' TE Å��. ?�Ú
�O�L², \����, üö���§Ý�p. ^
�Çé�B��K�L², ^�Çé�B��ß�
ÇÚ�¸�°ÝvkK�, �éÙ �K���.

3.4 >>> üüü KKK ááá ��� þþþ ÝÝÝ ØØØ ÓÓÓ ��� ��� TE
ÚÚÚTM ÅÅÅ

�&?>üKá��AÛþÝé TE Ú TM Å
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�B��K�, �±Ù¦ëêØC, \��� 40◦,
�>üKá��AÛþÝl 100 nm O\� 500 nm
�, TE ÅÚ TM Å�ß�Ì©OXã 6, 7 ¤«.

ã 6 >üKá�AÛþÝØÓ� TE Å��B�

ã 7 >üKá�AÛþÝØÓ� TM Å��B�

lã 6 ��, >üKá�AÛþÝ b �CzØ
K� TE Å�B�Ú�Ï��ß�Ç, �K�§�
�g� �ÚÙ�¸�°, =ÙAÛþÝO\�,
�B�Ú�ß�¸¥%u)ù£, �A��¸�
°ÑkO\. lNã?�Ú��, �B�Ú�B�
�!áÅ>��£Äþ ∆λ �>üKá�AÛþ
Ý�Oþ ∆b m¥�5'X. Ï�Å>��£ÄÇ
�uáÅ>��, � b O\�, �B�C°. lã 7
��, >üKá��AÛþÝ b Cz�, TM Åß�
Ì�Cz� TE Å��Ó, �´B��Å>��£
ÄÇk¤O\, Ï
 b O\�, TM ÅB�°Ý�
Oþ�u TE Å�. ?�Ú�O�L², A 0��
AÛþÝO\�, �k���(J. dd��, ��

da1f¬NÈÅì, �0���AÛþÝ7Lî
���.

4 nØ©Û

éuþã1f¬N��B�©O�\��!
^�ÇÚ>üKá��AÛ�þÝ�Cz5Æ, �
±lnØþ��{�©Û. ���1f¬N9DÑ
Ý
{�A:, rü�0�����Ä��DÑü
�, l��m�k AB Ú BA ü«DÑü�. � AB
DÑü��DÑÝ
�

TATB =

 T11 T21

T12 T22

 , (7)

K1�a�'ÈÅõ��nþ [16] �

x =
T11 + T22

2
. (8)

d (4) ª9 A, B �0��A:, O���

x = cos δA cos δB

−η2
A + η2

B

2ηAηB
sin δA sin δB, (9)

Ù¥
δA = 2πnAa cos θA/λ, (10)

δB = 2π
√

εBµBb cos θB/λ. (11)

d�'ÈÅõ�ª�5� [17] ��, � x = 1
�, ü��DÑÝ
 TATB ´ü Ý
, éu BA
D Ñ ü � � � � � � � Ó � © Û, Ï 
 þ 1 f
¬ N � o D Ñ Ý 
 � ´ ü   
. d � � ß �
Ç T = 1, éAß�Ì¥��B�. d (9) ª�
�, � δA = δB = 2kπ �, �'ÈÅõ��nþ÷
v x = 1. d (10), (11) ªk:

nAa cos θA = kλ, (12)
√

εBµBb cos θB = kλ. (13)

d Snell ½Æ��, ü0�¥�ò�� θA Ú θB

÷v

θA = sin−1(n0 sin θ/nA), (14)

θB = sin−1(n0 sin θ/
√

εBµB). (15)

d (14) Ú (15) ª��, \�� θ O\, ü0�¥�
ò�� θA Ú θB �O\, d (12) Ú (13) ª��, 0
�þÝ a, b �½�, ÷v (12), (13) ª�Å� λ Cá.
ùÒ´\��O\�, �B��áÅ��£Ä�{
ü)º. d (12) ½ (13) ª���, \�� θ �½, µB

O\½0��AÛþÝ a, b O\, ÷v (12) ½ (13)
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ª�Å�C�. ù´�B�ÚB�>�� µB ½ a,
b O\
ù£��Ï.

5 ( Ø

d±þ?Ø��, ^ÊÏ0� SiO2 Ú>üK
á� B |¤� (AB)3(BA)3 é¡.1f¬N, äk
�^ü«üKá�½^ü«ÊÏá�¥V\"�
��1f¬NÓ���Y(�, =3�B�¥Ñ
y
���B�. T�B�kXeA5: 1) 3\

��O\�, Ùß�ÇÚ�¸�°Ýþ�±ØC,
� �u)7£, �B�� ��\���£Ä
Ç |dλ/dθ| 3¥m��; 2) Ù¦^�ØC, =´ B 0
��^�Ç µB l 5 O\� 10 �, �B��ß�Ç
Ú�¸�°Ýþ�±ØC, �Ù �u)
ù£; 3)
0��AÛþÝO\�, �B��ß�ÇØC, �
Ù �ù£²w, �¸�°ÑkO\. þã(Øé
d>üKá�|¤�da1f¬N�B�A5�
nØÚ¢�ïÄäk�½�ë�d�.
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Abstract

An (AB)N (BA)N -type one-dimensional photonic crystal is made from common material A(SiO2) and electric single-negative

material B. Numerical calculation results indicate that there is a very sharp tunneling model at 1907.3 nm of the original band. When

the incident angle θ increases, the transmittance and the full-width half-maximum of the tunneling mode remains the same, but its

position is blue shifted. The value of |dλ/dθ| turns larger when the incident angel is in a range from 15◦ to 65◦. When permeability

of B medium µB increases from 5 to 10, the position of the tunneling model is only red shifted. When geometric thickness of the

dielectric increases, the transmittance of the tunneling model remains unchanged, but its position is red shifted obviously and its

full-width half-maximum increase slightly.
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