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ã 1 ¤«. A Ú B ©O�Lü«ØÓá��0�
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�. Ùëê�: ÊÏ0�þÝ a = 190 nm, 0>

~ê εa = 10; éu$§��N�þÝ b = 10 nm,

εc = 1, �.§Ý [31] Tc = 9.2 K, §Ý� 0 �ÿ�

�.^| [27] Hc2(0) = 0.195 T. du����.^

|´�§Ý�', Ïd§Ý�Cz¬���.^|

�Cz. d (9) ª��§Ý,p, �.^|C�. �

§Ý T = 6.41 K �éA��.^| Hc2 = 0.1 T,

=§Ý� 6.41 K ���Nm©d�����~�

Cz. dã 2 ��, ��1f¬NÑy
$ª�Y.

�duÔí�Ý��.^|Ñ�§Ý�', ¦�$

ªB����ªÇ�§ÝUC. üö¥�'ª³,

AO��N?3�.G��, B�A���, ùd

ã 3 U�²w�L«Ñ5. ã 4 ´	^|�"��

¹e, ªÇÚ§Ýéß�ÇK��n�:Àã. é

'ã 3 �ã 4 ��Ï�	^|��^, ¦�B��

��ªÇ�N���~�
, �~f
�.§ÝN

C��ªÇé§Ý�¯aÝ.

ã 2 B = 0.1 T �����1f¬N3ØÓ§Ýe�ß�

Ì (a = 190 nm, εa = 10, b = 10 nm, εc = 1, Tc = 9.2 K,

λL(0) = 83.4 nm,Hc2(0) = 0.195 T, N = 40)

ã 3 (AB)40 (����ß�Ì (a = 190 nm, εa = 10,

b = 10 nm, εc = 1, Tc = 9.2 K, λL(0) = 83.4 nm, Hc2(0) =

0.195 T, B = 0.1 T, N = 40)

3.1.2 �Ä��¥�~�>fK�

�{ZXê��, ·�Ò��Ä��0>~

ê1n��K�, =ØU�Ñ�~�>f��z.
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��0>¼ê. ã 5 �Ñ
vk	^|�^e, ª

Ç!§ÝÚß�Ç�n�Cz�. lã¥�±

²w�wÑ$ª�YÑy, �´du�~�>f

�K�¦�Ù$ª�Y���ªÇØ�§Ýu)

Cz. �[�¹®,©?Ø [32]. lã 6 �ã 7 �

�, ��1f¬N	\	^|�, Ò¬¦�§Ýé

$ª�Yqk
�N5. B��°�§Ý,p

~�, Ó���ªÇ�3C�, Cz��� 21—

29.4 THz. ùp	^|��E� 0.1 T,=���§

Ý�L 6.41 K ��Nm©d���Jc?\�~

�. ã 8 ´ B = 0.1 T �, 3�ÄÚ�Ñ�~�>f

K��ü«�¹e, �Y��ªÇ�§Ý�Cz

�. dã 8 ��, é'�Ñ�~�>fK����

¹, ���§Ý 0 6 T 6 1.8 K �, ü«�¹e$ª

B���ªÇCz�ÎÜ. ù´du§Ý3d«

mCz� (T/Tc)
4 → 0, ¦� (10) ªm>�1n�

�±�Ñ, =�~�>f��z�±Ø�Ä.§Ý

,p�, (T/Tc)
4 �K�ØU��Ñ, �~�>fé

�YK��±Ny, =~�
��?3����§

Ýé�Y°Ý�N!��.

ã 4 (AB)40 (����ß�Ì (a = 190 nm,εa = 10, εc = 1,

b = 10 nm,Tc = 9.2 K, λL(0) = 83.4 nm,N = 40)

ã 5 (AB)40 (����ß�Ì (a = 190 nm,εa = 10, εc = 1,

b = 10 nm,Tc = 9.2 K, λL(0) = 83.4 nm,N = 40)
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3.2 			^̂̂|||���KKK���

3.2.1 Ø�Ä��¥�~�>fK�

§Ý�±ØC, 3ØÓ�	^|rÝe, ��

��1f¬Nß��Xã 9 ¤«. ���þ

Ý b = 10 nm, εc = 1, �.§Ý Tc = 9.2 K, §

Ý T = 0 K ���.^| Hc2(0) = 0.195 T, ��

§Ý T = 1 K, ÊÏ0���þÝ a = 190 nm,0>

~ê εa = 10. 3ùp§Ý�½�, ��� 1 K, éA

��.^| Hc2 = 0.194 T. dã 9 ��, �N?3

����k$ª�YÑy, �Y���ªÇ�X	

^|rÝ�O�~�, ¦�$ª�Y��ªÇ�

�N��� 5—41.4 THz.

ã 6 B = 0.1 T �����1f¬N3ØÓ§Ýe�ß�

Ì (a = 190 nm, εa = 10, b = 10 nm, εc = 1, Tc = 9.2 K,

λL(0) = 83.4 nm,Hc2(0) = 0.195 T, N = 40)

ã 7 (AB)40 (����ß�Ì (a = 190 nm, εa = 10,

b = 10 nm, εc = 1, Tc = 9.2 K, λL(0) = 83.4 nm, Hc2(0) =

0.195 T, B = 0.1 T, N = 40)

3.2.2 �Ä��¥�~�>fK�

ã 10 �Ñ
3ØÓ�	^|rÝe, ��

1f¬N3ØÓªÇe�n�ß�Ìã. ùp

���{ZXê� γ = 105 Hz. �.^|�§

Ý�', ¤±§Ý� 1 K�, ��éA��.^

| Hc2 = 0.194 T. dã 10 ��, �N��3��

�Cz, d�$ª�Y���ªÇ�	^|��O

�~�, �	^|é��ªÇ�N!��� 5—

41.4 THz.ã 11�Ñ
3�ÄÚ�Ñ�~�>fK

��ü«�¹e, $ªB����ªÇ�	^|�

Cz�. dã¥��, ü�ÎÜ. ¤±N!	^

|�, �~�>fé�Y��ªÇA�vk�oK

�. ù´du	^|rÝ B é�, ¦� (10) ªm>

1n�ªCu 0, ¦��~��>fé��0>~

êvk�z.

ã 8 $ª�Y��ªÇ�§ÝCz

ã 9 (AB)40 (����ß�Ì (a = 190 nm, εa = 10,

b = 10 nm, εc = 1, Tc = 9.2 K, λL(0) = 83.4 nm, Hc2(0) =

0.195 T, T = 1 K, N = 40)

ã 10 (AB)40 (����ß�Ì (a = 190 nm, εa = 10,

b = 10 nm, εc = 1, Tc = 9.2 K, λL(0) = 83.4 nm, Hc2(0) =

0.195 T, T = 1 K, N = 40)
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ã 11 $ª�Y��ªÇ�	^|Cz

ã 12 ����1f¬N�ß�Ì

3.3 ���~~~���������111fff¬¬¬NNN

c¡A!�?ØÑ´Äu��?u����

��¹. ����§Ý½	^|���.��, �

�NÒ¬l���C��~�, 3�~����¥,

��>f�Ý� 0, =d���¥�k�~�>f,

¤±����é0>¼êÒòz¤
��� Drude

�.

εb(ω) = 1 −
ω2

p

ω(ω + iγ)
. (14)

�~����NÒØ2É§ÝÚ	^|�K�. �

'±c, d��¬k�
#�A5. ã 12 �Ñ
�

~���1f¬N�YA5, d�$ªB���
.

Ïd��N3�~�Ú����m�Cz�YA

5¬ké��Cz, ù«A5é1Æì��ïÄA

^¿Â´é��.

4 ( Ø

ÏL TM ÅR�\�d$§���ÊÏÃ�

Ñ0�|¤�����1f¬N, |^ TMM ïÄ


�Ä��Ñ�~�>fü«�¹e, §Ý!	^

|é$ª1fB��K�. �vk	^|��^�,

du�~�>f�K�, ¦�§ÝéB���ªÇ

Øä�N5, ÏL	\^|â�±¡E§Ý�N!

õU. k	^|�^�, du�~�>f�K�, ¦

�§Ýé?3�����1f¬NB���ªÇ

�N!���é�Ñ�~�>f�¹e~�. ð§

e,	^|éB���ªÇ�N!���é�, B

���ªÇ�	^|��O�~�, ��NC�

�~��, $ªB���. ÏLN!	^|5��

�Y�, �~�>f��z�é���ÑØO. �

NC��~��, B�$ª��. þã©ÛL²Ü

n�N!§Ý�	^|, �±¼�A½�B�A5,
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Abstract

Superconducting photonic crystals are artificial periodicstructures composed of superconductors and dielectric structures. In

this paper, the transfer matrix method(TMM) is used to studythe transmittance of one-dimensional photonic crystals consisting of

cryogenic superconductor and lossless dielectric for TM wave. It is shown that a stop band staring from zero frequency can be

apparently observed, whose cutoff frequency is adjusted byvarying the temperature and the magnetic field. However, because of the

contribution of the normal conducting electrons (NCEs) , taking no account of external magnetic field, the width of the low frequency

photonic band gap (PBG) is no longer influenced by the temperature of the superconductor. The cutoff frequency of PBG adjusted by

the temperature and the external magnetic field with the contribution of NCEs are compared with those obtained by neglecting them.

However, when superconductors are in a normal state, the lowfrequency PBG of photonic crystals disappears.

Keywords: cryogenic superconductor, photonic crystals, transfer matrix method, prohibit band gap
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