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)7á Ag ��«Ôn5�, é7á Ag �^15�?1
ïÄ. |^1�BÅ�©Û

d�0�1f¬N - þ7á Ag � - �0�1f¬N|¤�n²£(��ß�Ú^1{.1^=�A. ïÄ(JL
², du>^|Û�31f¬NÚþ7á Ag ��.¡þ, ��þ7á Ag �ß�Ú^1{.1^=�A�Ó�O
r.
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1 Ú ó

7á Ag duÙAÏ�1Æ5�
Úå<�
2��,�, nØÚ¢�þÑ®k�þ�ïÄ¤
J [1−4]. ,
, ©z [1] �ïÄ(Juy, ¦+7
á Ag �|^57á, �´3Ù�lfáÂ>N
C��3²w����A. �5, 3©z [2] ¥, �
ö|^^1Ì¤Úý� �1Ì¤��ÿþ
7
á Ag �^1Ú1Æ~ê, ¿�©Û
§��Ôn
5
. dd��, 7á Ag Ø
äkAÏ�1Æ5
�±	, Ó�äkAÏ�^15�. �©ïÄþ7
á Ag ��^1{.1^=�A. {.1^=�A
��´ �1ÏL^10�� �¡u)^=�
�A, ù«^1�A�2�A^�1N�ì�X1
�lì¥. ·���, 7áduÙØß²5���
ß�1rÃ{�|^, éuþ7á��´Xd.

�C�ïÄuy, ü«Øß²�üKAÉá
� (metamaterials) �3�å�±��1��B [5].

AÉá� (q�¡��á�!��á�) Pké
õ#L�Ôny�Ú5� [5−8], é1ÅkNõ�
~á�¤Øä��N��^, üKAÉá�´Ù
¥��a. üKAÉá�kü«, �«´>üK
á� (ε < 0, µ > 0), �«´^üKá� (ε > 0,

µ < 0). üKá�Ï~´Øß²�, á�¥=|±Î
²Å, 7á3�lfN��ªÇ�eÒ´�«;.
�äkáÂ�>üKá�. �,üKAÉá�´Ø
ß²�, �>üKá�Ú^üKá�V���(�
¥�31�By�, 3�BªÇe��(�C��
�ß² [5]. dd��, |^1��BÅ��±¢y
7á�ß²5 [3,4]. ~X, 3©z [4] ¥, �O
�
0�1f¬NÚ7á Ag ��É�(�, |^1�
�BÅ�, ¦þÝ� 67.2 nm �7á Ag ��ß�
Çp� 0.45. 3T©z¥, �0�1f¬N���
^üKá�, ù´du�0�1f¬N��Y5�
�üKá�=|±Î²Å�5��Ó��Ï [9], ,
���Ï´31Åã, �0�1f¬N���^ü
Ká�äk�Ñ���A:. Q,|^1��BÅ
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��±Jpþ7á Ag ��ß�1r, <�Ò��

|^TÅ��ïÄ^17á�{.1^=�A,

Ï"�±3Jpß�1r�Ó�Jp^1{.1
^=�A, l
¦�^17ár��^15��|
^. 3©z [10] ¥, |^1��BÅ�ïÄ�0�
1f¬N�^17á Co-Ag Ü7|¤�É�(�
�^1{.1^=�A. �©|^1��BÅ�ï
Ä
�¹þ7á Ag ��n²£ (�0�1f¬N -

7á Ag � - �0�1f¬N) (��ß�Ú^1
{.1^=�A.

2 nØO��{

2.1 ^̂̂111000������������ÇÇÇ!!!ßßß���ÇÇÇ±±±999{{{...
111^̂̂===������OOO���

�1ÅBLþÝ� ∆z �^10��, �\�
.¡?� z0, KÑ�.¡Ò´ z0 + ∆z, |^ 4 × 4

=£Ý
 [11,12] �±�Ñ\�.¡ÚÑ�.¡�>
^|, �±��

F (z0 + ∆z) = MF (z0). (1)

b½\�Å�¤ TM Å, K��Úß�©O�±�
� TM Ú TE ü« �Å, F (z0) Ú F (z0 + ∆z) ©
O�

F (z0) =


1 C1 0 0

0 0 0 C2

0 0 0 C2

1 −C1 0 0




e ik(z−z0)

e−ik(z−z0)

e ik(z−z0)

e−ik(z−z0)

 , (2)

F (z0 + ∆z)

=


C3 0 0 0

0 0 C4 0

0 0 −C4 0

C3 0 0 0




e ik(z−z0−∆z)

e−ik(z−z0−∆z)

e ik(z−z0−∆z)

e−ik(z−z0−∆z)

 , (3)

ª¥ C1 Ú C2 ©O´ü« �1���Xê, C3

Ú C4 ©O´ü« �1�ß�Xê. r (2) Ú (3)

ª�\ (1) ª¥�±¦)ÑXê C1, C2, C3 Ú C4

�L�ª. K1ÅBL^10����ÇÚß�Ç
�±L«�

R = |C1|2 + |C2|2 ,

T = |C3|2 + |C4|2 .
(4)

Ñ�>^|�ü �Ýþ�{.1^=� θF L«
�

θF =
1

2∆z
tan−1

( 2Re(χ)
1 − |χ|2

)
, (5)

Ù¥ χ =
C4

C3
.

2.2 ���000���111fff¬¬¬NNN������^̂̂üüüKKKááá���555���
���nnnØØØ���{{{

3���¹¥, b½á����ò�Ç� n, �
�{|� z, �Ý� d, \�>^Å�ªÇ� ω, ý
�¥>^ÅÅ�� c, ý�¥Å¥� k0 = ω/c. �
>^Ålý�¥R�\�, �±��ß�Xê t!
k�{| z Úk�ò�Ç n �'X�

t−1 = cos(nk0d) − i
2

(
z +

1
z

)
sin(nk0d), (6)

��Xê r!k�ò�Ç n Úk�{| z �'X�
r

t
= −1

2
i
(

z − 1
z

)
sin(nk0d). (7)

ÏL±þüª�C�, �±òò�ÇÚ{|L«�
��XêÚß�Xê�¼ê. ÏLCz, ��Xe
/ª�ü�¼ê:

cos(nk0d) =
1
2t

[1 − (r2 − t2)], (8)

z = ±

√
(1 + r)2 − t2

(1 − r)2 − t2
. (9)

±þªf�ØU��������0>~êÚ^
�Ç [9,13,14]. Ù¥ (8) ª�)´õ|¼ê, ¿� (9)

ª��KÒ�7L�â�½�^�(½e5. �
â^� Re(z) > 0 �±(½ (9) ª¥��KÒ, �
â Im(n) > 0 �±(½��ò�Ç�JÜ, X (10)

ª

Im(n) = ± Im

cos−1
( 1

2t
[1 − (r2 − t2)]

)
k0d

 ,

(10)

éuò�Ç�¢êÜ©, K´��õ)��n�¼
ê:

Re(n) = ± Re

cos−1

(
1
2t

[
1 − (r2 − t2)

])
k0d


+

2πm
k0d

, (11)
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Ù¥ m ��ê. �
�N´(½AÉá��ý�
ë�¡, |^#��{ [15] �Ñ
k�ò�Ç�/
ª:

neff =
1

k0d

{
Im

[
ln

(
e ineffk0d

)]
+ 2mπ

− iRe
[
ln

(
e ineffk0d

)]}
, (12)

Ù¥ e ink0d =
t

1 − r
z − 1
z + 1

. Kk�0>~êÚk�

^�Ç�±ÏL±e�'X��:

ε =
neff

z
, (13)

µ = neff × z. (14)

2.3 111���BBB���¢¢¢yyy

Ä k � ½ � � ¢ y 1 � B y � � � � ª
Ç f0. b½3��ªÇ?1f¬N (AB)N �1
f�Y���^üK��J{|� zi , J� 
� NKi(dA + dB), ^17á M �J{|� zMi, J
� � kMidM. 3É�(� (AB)N M ¥, XJÓ�
÷ve�ü�^� [3]:

zi = −zMi, (15)

NKi(dA + dB) = kMidM, (16)

=Ó�÷vJ{|ÚJ� ��, É�(�3�
�ªÇ?¢y1�By�. Ù¥J{|�(½´:

zi = Im(z) (z 5
u (9) ª), zMi = Im
( 1
√

εM

)
(εM ´ ^ 1 7 á M � 0 > ~ ê); J �   � (
½ ´: Ki =

ω

c
Im(neff) (neff 5 
 u (12) ª),

kMi =
ω

c

√
|εM|.

3 þ7á Ag ��^1{.1^=�
A�Or

�Ädü��0�1f¬N�7á Ag �|
¤�n²£(� (AB)N M(BA)N , Xã 1 ¤«, ±�
��í��. Ù¥ A Ú B �©O�Lü«ØÓò
�Ç��~á��, M �L7á Ag �, N �L1
f¬N�±Ïê8. b½ A Ú B ��ò�Ç©O
� nA Ú nB, þÝ©O� dA Ú dB, 7á Ag �þÝ
� dM. 3�©�O�¥, ·�À� A Ú B á�©O
� SiO2 Ú TiO2, Ù¥ SiO2 �ò�Ç� 1.443, TiO2

�ò�Ç� 2.327, 7á Ag ��1ÆëêÚ^1ë
ê5
u©z [2]. �©��Ä1ÅR�\���
¹.

y

x

z

AAABA BBB M 

TM

TE

H

H

E

E

k

k

θ

θ

ã 1 n²£(� (AB)N M(BA)N «¿ã

(O
)

ã 2 (a) n²£(� (AB)5M(BA)5 ���ÇÚß�Ç; (b) {.1^=�
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ã 3 éAuã 2(a) ¥�BÅ�?�>|rÝ (¢�) Ú^|rÝ (J�) ©Ù

�â1 2 Ü©¥0���{, ·�ÏLO��
O
n²£(� (AB)5M(BA)5 3 λ = 589 nm ?�
1�By�. Ù¥, A Ú B ��þÝ©O� 89 nm

Ú 55.2 nm, M ��þÝ� 86 nm. ã 2 �Ñ
n
²£ (AB)5M(BA)5 ���Ç!ß�Ç±9{.1
^=��XÅ��Cz­�. lã 2(a) ¥�¢�
�±w�, 3Å� 589 nm ?��Ç��", >^Å
Uþ�Ü?\(�¥, ¤±3TÅ�?u)
��
�By�. du7á Ag ���Ñ5����Ü©
>^ÅUþ�ÑK, �Ü©Uþß�Ñ5, ß�Ç
�� 0.41, Xã 2(a) ¥�J�¤«. lã 2(b) ¥�
­��±w�, 3éAu���BÅ� 589 nm ?,

{.1^=�Ñy
���. �
Ïé{.1^=
�ÝOr��Ï, ·�O�
3���BÅ�?>
^|rÝ (>|rÝ |E|2, ^|rÝ |H|2) �©Ù
ã, Xã 3 ¤«. dã 3 �±w�, >^|Û�31

f¬NÚ7á Ag �.¡þ. du>^|Û�37
á Ag NC���, Or
>^|37áSÜ�r
�p�^l
��
^17á�{.1^=�A
�Or.

4 ( Ø

�©|^1��BÅ�ïÄ
�¹þ7á Ag

��n²£(�ß�5�Ú^1{.1^=�A.

�J� ÚJ{|÷v�^�e, du>^|Û�
3�0�1f¬NÚ7á Ag ��.¡þ, Or

>^|37á Ag �SÜ�r�p�^, l
��

7á Ag ��ß�ÇÚ{.1^=�A�Or.

T(Øéuþ7á Ag ���¡5�ïÄäk­�
�Ôn¿Â.
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Magneto-optical Faraday rotation effect enhancement
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Abstract

In order to more comprehensively know and understand the physical properties of the metal Ag, its magneto-optical characteristics

are investigated. By using light tunneling mechanism, we study the transmission and magneto-optical Faraday rotation effect of a thick

metal Ag sandwiched between two dielectric photonic crystals. The results show that the transmission and magneto-optical Faraday

rotation effect of a thick metal Ag can be enhanced, owing to the localized electromagnetic field at the interface between the metal Ag

and photonic crystal.
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