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�O
Äu°Ý�Ô�.Ú�»ìC��� (1-D) 1f¬N (PhC) B�ùn. ÏL FDTD �O��[, �O�
ù«B�ùn�±¢y�p Q � 1.8 × 107, Ó�Pk���NÈ V ∼ 0.04(λ/n)3, 3U«�Ô�.ÚìC�».
B�ùnp Q �Ä:þ, ?�Úü$
�NÈ V . ·��O�ù«näk;n, $�Eó²�¦±9p Q/V ��
`:, 3�5Ak2�A^.
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1 Ú ó

31f¬N�ïÄ¥, ÒXÛk���1Úk
�/?11�Ô��p�^
�O��ÑPk�
p¬�Ïf Q Ú���ªNÈ V �1Æ�n´�
�]Ô. 3L��Acp, NõïÄ�|�åu|
^IO�²¡Eâ5��1f¬N�n [1,2]. ù

�n���S��Ú±Ï5Ù.���±9Ú\
"�5�å1|. �C, 1f¬NB�ùn [3] ÏÙ
(�{ü, ���N´
É�ïÄ<
�2�'5.
ïÄ<
ºYJÑ
ìC�».B�ù [4], °Ý�
Ô�.B�ù [5] �n.±?�ÚJp1f¬NB
�ùn� Q �, ~��NÈ V �. ùaB�ùnØ
2==|^{ü�:"��5/¤�n, §��|
^Ùpd.1f²ÓOÃ0���{��5¢y
p Q �n. ¿�B�ùnÓ��1f¬N²�n
�', ¢y�Óþ? Q ���¹e, º���, õÑ
�$ [6,7]. ·��O
�«#��Ô�.°ÝÚì
C.�»1f¬N (PT PhC) B�ùn, Tn.�O
(ÜìC�»B�ùnÚ°Ý�Ô�.B�ùn
�`³, Ó8c®k�°Ý�Ô�. [5] ÚìC�

» [8] B�ùn�', Q �Ñ3Ó�êþ? ∼ 107,

 V �ü$��êþ?, ü� ∼ 0.04(λ/n)3, l

ò Purcell Ïf [9] O\��êþ?. T�O�±
A^uÃK�-1ì [10,11]!rÍÜþf:nX
Ú [8]!Daì [12,13] �.

2 O��n

Q Ïf�N�´n�;Uþ�5U, ½Â�1
3nS�;�Uþ�ü �mÑ�K�Uþ�',
^êÆL�ªL«�:

Q = ω0/∆ω = τphotonω0 = ω0W/P, (1)

Ù¥, ω0 �n¥%ªÇ, ∆ω � ω0 éA�ªÌ°,
τphoton ´nS1fÆ·, ½Â�nS>|Uþü$
�Ð©|� 1/e �¤I�m, W �noUþ,P �Ë
�õÇ. ÏLFp�Cz�ò τphoton Ó ∆ω ïá'
X τphoton = 1/∆ω. dd�±ÏLO�ßLÇÌ�
A5½önoUþÓÑ�Uþ�'5O� Q Ïf.

,��­��nëê��NÈ V , �±ÏLò
�m>|o�UþÈ©Ø±���>|Uþ, ?1
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8�z?n��, V �êÆL�ª [10] �:

V =
∫∫∫

ε(r) |E(r)|2 d3r

max
[
ε(r) |E(r)|2

] , (2)

Ù¥, r ��m �,ε(r) �0>¼ê,E(r) �>|
rÝ. Purcell �AK�guË�AÇ, Purcell �A
�±^ Purcell Ïf5ïþ, Purcell Ïf F �êÆ
L�ª� [14]:

F =
3

4π2

(
λ

n

)3
Q

V
, (3)

Ù ¥,(λ/n) L « 0 � ¥ � Å �. d d · � �
� F ∝ Q/V , O\¬�Ïf Q, ~��NÈ V

�±O\ Purcell Ïf F , l
Or1�Ô���
p�^. O\ Q �±ò�1f�;�m, ü$ V �
�±JpÛ�1f�Uþ�Ý, l
UC Purcell Ï
f F , UCguË�AÇ, ��ü$K�, ~�õÑ
�8�.

· � æ ^ MIT g Ì ï u � Ä u FDTD[15]

� Meep ^� [16] ?1�[O�. kæ^°Ìá
óÀ5-u¤k�ª, 2�é����ª, ^�A
�ÄÌáóÀ-u�ª, �°(/���A��
ªªÇ9rÝ©Ù, P¹óÀ
'K�½�m��
U6� P1. 2O�vk±Ï5�Ú�Ô�N��
ü�Å�3�Ó-u^�e�U6� P2, P1/P2
=�ßLÇÌ�. ù�Ò�±^ (1) ªO�Ñ¤
I Q �. �NÈÏL (2) ª, �\ FDTD O���
� E(r) =�¦Ñ.

3 1-D PT PhC B�ùn�O9©Û

3.1 ���OOO���...

·��O� PT PhC B�ùn(�«¿ãX
ã 1 ¤«, æ^gd]2ª�(�, nNæ^7á
�, �Aò�Ç nSi = 3.4, ����í�, �µ�
�í, �íò�Ç nair = 1. B�ùn��A(�
ëê, ¬�~ê a � 430 nm, ¥%ü����%
�mål s � 430 nm, ìC«���»l 85 nm
�5Cz� 110 nm, ìC«����êþ� 5, �
�º«���êþ� 14, �»� 110 nm. ��B
�ù�°Ý w � 540 nm, B�ù¥%�°Ý w0

� 322 nm, ±B�ù�é¡¥%��:, ÷��
±Ï����é¡¶� x ¶, R�u��±Ï
���é¡¶� y ¶, K°Ý�Ô�.�±L«
� w = w0/2 + 0.004x2. B�ù�þÝÌ�K��

B�ù¥�3�ª�êþ9�ªßLÇ, ùp·�
æ^ 2D FDTD �{?1O�, �?Ø�3Ä��
5�. ·��Äaî>� (TE), Ù��3 (Ex, Ey,
Hz) ©þ, Ù¥ Ey ÓÌ�/  [5,17], 3©Û>|©
Ù�·����Ä Ey ©þ. Ó���O�L§¥,
��ëê�Cz¬K��¥%ó�Å�, ·�ò¥
%ó�Å������3 1530—1580 nm ��S.

� � �� � �
ã 1 PT PhC B�ùn(�«¿ã (a) 3D «¿ã;(b) :À
ã

(a)

(b)

ã 2 �[(J (a) Meep ^�)¤B�ù(�«¿ã; (b)
O��� Ey �©Ùã

3.2 ©©©ÛÛÛ(((JJJ

ã 2(a) � Meep ^�gÄ)¤�B�ùn(
�«¿ã, lO���� Ey �Uþ©Ù (ã 2(b))
��, >|éÐ�Û�3n�Ô�.«�, ��p
>|� u¥%0�Ü , ù�k|u3k
ì
��A^¥�\þf:�OÃá�5��¢S�
B�ùn, ¢yn�OÃ0����. �±B�ù
n�Ù¦ëêØC, ã 3 �B�ùn� Q Ú V �
�B�ù��º«�í�éêêþ�Cz'X. l
ã 3 ¥��, B�ù��º«��í�êþ�õ,
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KÙ Q ���, �Ò¿�XÙ.���ºJø��
"�õ, 
��ºÜ©O���½§ÝK Q �Ø2
UYO\, `²dÙ.���Jø��"���Ú,
édan., 14 éºf�v
Jøk���". 

Ó�, �NÈ V �Xºf�éê�O\
~�, ù
`²k��Ù.���k|uò�ª��3��
�NÈS, �Ó�·��uy�NÈ~���¿Ø
²w, ��AÑdan.g�ÒPk��NÈ�`
³.
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ã 3 B�ùn� Q Ú V ��B�ù��º«�í�é
ê�Cz­�

� � � � � � � � � � � ���� � 	 
� � 
�
�� ���� ����� � � � 
 � �
 � � � 
 � �
 � � � 
 � �� � � � 
 � �
ã 4 B�ùn� Q Ú V �¥%ü�ål�Cz­�

ã 4 �B�ù¥%ü����%�mål s

�UC�5�n Q �Ú V ��Cz­�. dã 4
��, ¥%ü��ål s é Q ��K��~�, �
¥%ü��m�ål�á�, ¬�Ïf Q ��~
$, Ó��NÈ���, d���ª�J�3. �X
¥%ü��m�ålO�, �ª�±`z, Q �×
�O�,V ��ªu��� 0.04(λ/n)3. ¿�� Q

�?u�p��, �NÈ©ª�±3��Y², `
²�ª��
éÐ���. Ó� s A� nm �Cz
éA Q �ê�êþ?�Cz, Ï
3¢S�EL§
¥, I�éB�ùn�'�Ü ?1p°Ý��±
�yÙûÐ�1ÆA5.

�e5·�'� PT PhC B�ùn¥%°Ý w0

�Cz�5� Q �!V �±9¥%ó�Å��C
z. ã 5 � Q Ú V � w0/a �Cz'X, ·�l
¥�±wÑ w0 l�C��, Q �Czª³´l�
��2��, ¿� w0 $u 0.7a � Q �4$, d�
�ªéJ�3, �ó�, w0 L�Øv±�3���
��ª. �X w0 O�, Ñy­½p Q ��ª, ù
´Åì`z�L§. 
� w0 O���½§Ý�,
�Ô�.°ÝéB�ù�K�~f¦� Q ���
�ü$, �¿vkêþ?�Cz,Q �3d�E,
�± ∼ 107 êþ?. 
¥%°Ýl 0.65a � 0.7a

Cz�, �A� V �l 3.4(λ/n)3 ü� 0.09(λ/n)3,
u)êþ?�UC, �� V �éA w0 � 0.75a, V

� 0.04(λ/n)3, �aq�ìC.nÚ�Ô�.n�
', Q �E3 107 þ?, �´�NÈ�
��êþ
?, l
?�ÚJp
 Purcell Ïf F .

� � � � � � � � � � � � � � ���	 
 � � �
��� ���� ����� � � � � � �� � � � � � �� � � � � � �
 � � � � � �
ã 5 B�ù Q Ú V ��¥%°Ý w0/a �Cz'X

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

ã 6 B�ù¥%ó�Å��¥%°Ý w0/a �Cz'X

ã 6 �B�ù¥%ó�Å��¥%°Ý w0 �
Cz­�. �Nþ¥%ó�Å��X w0 �O\

O\, ù´du� w0 ���Øv±NBÅ���
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��ª, ¤±d��¥%ó�Å���. �X¥%
°Ý�O\, �±NB�õ��ª�ÏL�ª¿�
�ª��`z, Ïdã 5 ¥éA� Q ��p, V �
�$. w0 l 0.75a ∼ 0.95a �, Å�Cz�Ý�ú,
�±3��­½Y², éAã 5 �(J, d�� V

���±3��­½�. Ïd(Üã 5 Úã 6 �(
J·��±�Ñ3 PT PhC B�ùn¥, �Ô�.
°Ý3���p Q �«��, Ì��^Ø3uN�
�Y, 
3u`z V �, ¦ V �C���, Jø�
��1�Ô��p�^��m.

4 ( Ø

·��O�#. PT PhC B�ùnÓ±c�°
Ý�Ô�.Ú�»ìC.B�ùn�'äkÓ�
êþ?� Q �, ��
 1.8 × 107, �Pk��� V

�, �� 0.04(λ/n)3, Ï
��
�p� Purcell Ï
f. PT PhC B�ùn¥mü�ål s é Q �K�
ã�. PT PhC B�ùné�Ô�.�¥%°Ý w0

½�©¯a. �Ô�.°Ý3ù«n.¥å�
k
�ü$ V ���^. ·�Ï"ù«�º��p Q

$ V �B�ùnU3�5k2�A^.
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Abstract
One-dimensional (1-D) photonic crystal (PhC) nanobeam cavity based on parabolic-shaped width and tapered holes was proposed

and analyzed. Finite-difference time-domain simulations show that both an ultrasmall modal volume (V ∼ 0.04(λ/n)3) and ultrahigh

quality factor (Q ∼ 1.8 × 107) can be obtained in PT PhC nanobeam cavity. In addition, the PT PhC nanobeam have one order lower

V comparing to parabolic and tapered nanobeam. With compactness, lower fabrication requirements to achieve ultrahigh Q/V , the

proposed nanobeam could be versatile platforms of interest for optical communications, optomechanics, cavity QED, etc.
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