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�éü1f
ép5UB�n�I�, æ^ “R5åP” 1f��(�Ú��k��©{, ÏLr��Úª��
1>|©Ù�n�pd¼ê?1'�, �OÑ�«p¬�Ïf�1f¬N"nn (L3), Ù Q �� 2.8 × 105, k��
ªNÈ� Veff = 0.1813(λ/n)3, �A� Purcell Ïf�L F = 1.2 × 105. d	, JÑ�«½þ£ãn5U`�§Ý�
UþXê©Û{, ÏL½þé'��pd©Ùe�|©ÙUþ�oUþ, Jp
n�`z�Ý�O(5. O�(J
L², �Xn5U�`z, Q ��'uUþXê γ ����Ú.

'�c: 1f¬N, "nn, ��k��©{, UþXê γ

PACS: 42.55.Tv, 42.60.Da, 61.50.Ah

1 Ú ó

��e��&EEâ�­���, þfÏ&
Úþf&E?n�ïÄFÃÉ�'5Ú­À, 

���5þf&EEâ¥­�|¤Ü©�ü1f

 (single-photon source, SPS), �´¤��c�ïÄ
9: [1−3].

ü1f
´�3�½��euÑü��½ª
Ç�1f�u1ì�, ´�5þfÏ&�&E1
N, Ù¥�'�¯K´XÛ�)­½p��ü1f
u�. nØþ, �)ü1f��{kõ«, �ü�
f!ü©f!�Ná�Ú%Úá�"��Ñ�±
�)ü1f, �5Uk��Ø­½. 8cú@�k
cµ!�k���{´|^��Nþf:Ú1f
¬NB�nÍÜ, ÏLþf:guË��)1f,
1f¬NB�nåP1f±�)p�!ëY�ü
1fu� [4−6]. duü1fu��J�n�5U�
��', �Okp5U�1f¬Nn(�¤�ïÄ
�­��K [7−10].

1f¬N´�«ò�Ç½0>~ê¥±Ï5
©Ù<ó±Ïá�. ÏL1f¬NB��A¿Ün
`z1f¬N1n�(�, Ò�±ò¦�Uõ�U
þåPnS, �OÑp5U�1f¬NB�n(�.

�¼� Q �p!�ªNÈ��1f¬NB�

n, éõïÄìè�
�þó�¿��
­�?
Ð. 2003 c, Noda � [1] é"nn?1`z¿JÑ
~� “�³�” ��{, ò Q �Jp� 4.5 × 104,
'�c�(JpÑ 10 �, Ó�n��ªNÈ�
k Veff = 7 × 10−14 cm3; 2005 c, Song � [5] æ^
VÉ�Å�(�, Q ��� 6 × 105, du´Å�(
�, �ªNÈ�é��; 2010 c, Portalupi � [11] æ
^"nn, 3Jpn�Ñ��ÇÓ�, ò Q �`z
� 1.5× 105 ¿��¢��y, �(JEkUYJp
��m.

�
?�ÚJpn�5U, �©ò “É�(” �
.A^u1f¬N"nn(�, ÏL3Å���
þ/¤ “R5åP”, �\k�/åP1f. ¼�

¬�Ïf (quality factor) Q = 2.8 × 105, k��ª
NÈ� Veff = 0.1813(λ/n)3, �A� Purcell Ïf�
L F = 1.2 × 105 n(�. '�c���(J�p
ÑC��. d	, JÑ�«½þ£ãn5U`�§
Ý�UþXê©Û{, Jpn�`z�Ý�O(5.

2 �ý�©Û�{

2.1 nnn(((������OOO

1f¬N"nn (L3 n), ´31f¬N²�(
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��,�1"�n��í�
/¤�n(� [12,13].
du"nnU
3ªÌþ/¤©l�Ì©Ù, �A
��ªNÈ��, ����ép� Q �, ´�cé
kcµ�n(�, �2�ïÄ.

ã 1 (a) 1f¬N"nnVÉ�(�, 3Å���´ü
«ØÓ “¬�~ê” �1f¬N²�ë�3�å; (b) Å
���þ�³U©Ùã, �kA½Uþ�1fâU�3
3nS

�©�O�1f¬N"nnXã 1(a) ¤«. �
�n(�©¤n�Ü©, Ù¥ PC1 Ú PC2 ´ü«
1f¬N(�, §�� “¬�~ê”(�í�±Ï) Ø
Ó [14], Ù¦A��±��, l
3Å���þ/¤

����Y, aqu��N¥��>f�VÉ�
(�. �
�Ð/åP1f, |^ “R5åP” Vg,
`z�í�ëê, ¦³U­�C¤lG, Xã 1(b),
ò�õ�1fåP3nS [15].

2.2 `̀̀zzz���{{{

æ^��k��© (FDTD) ê��{, 3��

���áÂ>.^�e��k��© (PML), é©
¥æ^ 23a × 19a ����?1`z. �
!��
mÚ¯�½5©Û, FDTD O�°Ý��z�¬�
þ� 10 �:, O������é��. �
��
lÑO��5�Ø�, éuÐ�(Jò©EÇJp
� 20 ­#O�.

éu FDTD O����ê�(J, æ^âÔ[
¼ê?1[Ü [16]:

f(λ) =
1
π

A∆λ

∆λ2 + 4(λ0 − ∆λ)2
+ B, (1)

Ù¥ λ0 ´n���Å�, ∆λ ´Å�Ì��p�
°, A Ú B ´[Ü~ê; �±é¯O�Ñn� Q �.

k��ªNÈdeªO� [17,18]:

Veff =
∫

drε(r)|E(r)|2

[ε(r)|E(r)|2]max
, (2)

Ù¥, ε ´0>~ê, |E(r)| ´>|©Ù.
l
, Purcell Ïf� [19,20]

F =
3

4π2

Q

Veff

(λ

n

)3

, (3)

Ù¥, λ ´ý�¥1�Å�, n ´ná��ò�Ç.
d	, 3`zck?1(�©Û. Xã 1(a) ¤

«, dun�é¡5, ã¥IÒ�Ó��í�én
5Uëê�K��Ó, ÏdÙëê3`z��±Ó
ÚUC. 3`z^Sþ, Äk`z��"��1�
��í�, 2g�g�	í?, 
`zÓ���í
��, �Å “��`z”, k`z x ��þ��í�
2`z y ��þ��. ÏLÚÚ`z, ��n�5
UØU2Jp��.

2.3 UUUþþþXXXêêê©©©ÛÛÛ{{{

ÏL�mFp�C�, �±ònS�>|©
)��X�ØÓ k ¥þ�²¡Å, 
�k |k//| �
u�.��²¡Åâ÷v Snell ½Æ, /¤���,

 |k//| �u�.�Ò¬Ë��n	, 3Fp��m
Ò´/¤���«�, ¡� “�¦«”[21]. 3 “�¦
«” �©þ�õ, L«���Uþ�õ; ��, n�
5U�Ð. �n��ª©Ù�´�Cpd©Ù��
ÿ, á3 “�¦«” �©þ��, n� Q ��p [22].

�
�*/�N�ª©Ù�/�, l
½þ©
Ûn�`zG�, ·�½Â��#�ëþ —— U
þXê γ:

γ = Σpd

/
Σ�N =

∫
pd�ä |E(s)|2εds∫
�N�ä |E(s)|2εds

, (4)

Σpd L«��pd©ÙCXe�>|Uþ, Σ�N

´o�>|Uþ, Ù¥�pd©Ù´ÏL��
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�'XêéÑ. |E(s)| ´|©Ù. Xã 2 ¤«, �
� 0 < γ < 1, � γ ���, L«�ª©Ù��Cp
d, �õ�Uþ8¥3nS, n�5UÒ�Ð, Q �
�p; XJ γ é�, `²k�þ�Uþ6��n	,
Q �$, I�?�Ú�`zJp.

ã 2 UþXê«¿ã (a) L«pdCXe>|�U
þ; (b) L«>|��ÜUþ

3 �ý(J�?Ø

3.1 nnn���ÄÄÄ���ëëëêêê`̀̀zzz

ÏLé1f¬Nz�ëê?1`z©Û, ¿
� Ä � E ó ² Ú FDTD � { �   �, é " n n
�Ä�ëê��Xe: ¬�~ê a1 = 415 nm,
a2 = a = 420 nm, ±3Ï&Åã¼��Ð�VÉ
�(����A. ²�þÝ T = 0.65a, á�ò�
Ç n = 3.45 (éA�´�~^� GaAs/ InGaAs á
�), �í��» R = 0.29a, �� Q = 7924, é
A��ªNÈ�k Veff = 0.2393(λ/n)3, ¥%Å�
´ 1586.29 nm, UþXê γ = 0.8618, (J�L 1.
d	, ©Ûuyn� Q ��'uá��ò�Ç, ¿
éO�©EÇ�~¯a, O����ÚO�Úêé
�ý(J�ké��K�.

L 1 "nn�Ä�ëê

R(a) T (a) n Q V ((λ/n)3) γ

0.29 0.65 3.45 7924 0.2393 0.8618

ã 3 1�Ú`z��>|©Ù. �ä´pd¼ê, ­�
´>|©Ù­� (a) x ���>|©Ù; (b) y ���>
|©Ù

3.2 111���������ííí������`̀̀zzz

Äk, ©ÛÄ�ëê`z� x Ú y ��þ��
ª©Ù, ¿�n�pd­��'�. Xã 3 ¤«, �
Ú«��Ñ
�ý(J�n�(J��É. ã 3(a)
´ x ���>|©Ù, �±w��ÉÌ�8¥3>
|©Ù�>�, éA� ��Ð´nüà��í�,
¤± x ��AT`z�í� d (�Äé¡5, AÓ�
`zã 1(a) ¥ d �L�ü��í�, �¡�`z¥
�´Xd); y ��, �âã 3(b), AT`z�í� b
Ú c. �Ä� “��`z”, k`z�í� d ��»,
2£Ä� d  � Dd, uy Q �k²w�Jp; ,�
`z�í� b Ú c, ¦ y ���>|©Ù�\�C
pd©Ù. ���ëêÀ�Xe: Rb = Rc = 0.29a,
Rd = 0.3a, Dd = 0.17a �, Q ��p, Q = 78572,
�ªNÈ Veff = 0.2370(λ/n)3, γ = 0.9152. ã 4(b)
´>|�Fp�C�Ì, çÚ­�S´ “�³«”,
é²w, ké��Ü©>|©þ3 “�³«” S, 7
LUY`z±~� “�³«” S�Uþ, ü$Ë�
�Ñ. L 2 ´1���í�`z��ëê.
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ã 4 (a) ´�Z(Je���Å�Ì; (b), (c), (d) ©O´1��!1��Ú	��í�`z�>|�Fp�C�Ì, �±w
Ñ “�³«” �>|©þ�5��

L 2 1���í�`z��ëê

Rb Rc Rd Dd Q V ((λ/n)3) γ

0.29 0.29 0.31 0.17 78572 0.2370 0.9152

L 3 1���í�`z�, �í��ëêÀJ

Re Rf Rg Rh Ri Q V ((λ/n)3) γ

0.32 0.3 0.31 0.31 0.31 251966 0.1952 0.9515

L 4 	��í�`z�, �Z(Je��í��ëê

Rl Rm Rn Q V ((λ/n)3) F γ

0.29 0.3 0.3 288589 0.1813 120675 0.9536

3.3 111���������ííí������`̀̀zzz

­E1���Ú½`z1���í�. ©Û x

��>|©Ù�pd©Ù��É�, �í� g �
n � ü à £ Ä   � Dg, u y Q � w Í / J p
� 125890; 3 y ��, Ó���{`z��í� f
Ú e ��, Q ���
 209958; (�`z���5
Úé¡5, �í� h Ú i Ñ��
`z, d�� Q

�´ 251966, �ªNÈ� Veff = 0.1952(λ/n)3, ë
êXL 3 ¤«. Purcell Ïf F ÚUþXê γ Ñ�

�éÐ�Jp, ã 4(c) ´>|�Fp�C�Ì, �
±uy, �,kÜ©>|©þ3 “�³«” S, �´
�1���`z(J (ã 4(b)) �', “�¦«” S�
Uþ®²²w~�.

3.4 			������ííí������`̀̀zzz

�ýuy, �`z?1�1n�þ� l, j, k �
�, Q �Jp�� 288589, UY`z1n��Ù
¦A���, Q �CzØ�, ��ªNÈ%��?
�Úü$, �k Veff = 0.1813(λ/n)3, d�O�n
� Purcell Ïf, �� F = 120675, ù´�ý¥��
����. UYé1o��í�?1`z, � Q �
vk���²w�Jp, ù´Ï��l"���í
�én5UK�~f���. ã 4(a) ´�Z(Je
���Ì. ã 4(d) ´`z1o��í��>|�F
p�C�Ì, l¥�±w�, “�¦«” S®²A�
vk>|©þ
, �ã (b) ¤«(J�', n�5U
®²k
é��J,.

3.5 (((JJJ©©©ÛÛÛ

é'ã 4(b), (c), (d) �±w�, 1f¬NB�n
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���UþÅì~�, �n� Q ��O\�éA.

ã 5 (a) Ú (b) ©O´`zcÚ`z���ª©Ùã, Ù¥
�ä´pd©Ù­�; (c) UþXê� Q ��éAã

?�Ú�	UþXê γ. �Xn�`z, γ �n
� Q �¤�'; �`z?1�1o��, �Ü©>
|UþÑ���pd©Ù�äCX, >|©Ù�>
��C��\��w�pd�äC��\��. 3
Xã 5 ¥, �
�ßL«(J, ·�^��pd­
��O��pd©Ù�ä. ã 5(a) ´`zc��|
©Ù, ã 5(b) ´`z����|©Ù, �±wÑ`
z����ª©Ù�\�Cpd©Ù, Uþ�\8
¥; ã 5(c) ´UþXê γ �n Q ��éAã, �±
wÑ γ �X Q ��O\
O\, � Q ����ÿ γ

� Q �O�¯�O\, � Q �é��, γ ���é
p¿�C�Ú, `² Q �®²�Cn��Ð�¹;
�u γ �vk��C 1, Ì�´�(�L¡�A�
�3. 3Ø�Äá�áÂÚ��5��¹e, A�
¤kUþÑåP3nS, “�¦«” �3�Ë��Ñ
®²Ä���Ø, 3ù«�¹e�?�ÚJpn Q

�òC��~�(J, J,��m���k�.

4 ( Ø

�©ÏLnÜæ^É�(����A!R5
åP!1>|ªÌ©Û`z±9��`z��
{, ¦8c2�ïÄ���1f¬N"nn�5
U¼�
4�J,. ¦n� Q ���
 2.8 × 105,
Ó��±k����ªNÈ� 0.1813(λ0/n)3, �
A� Purcell Ïf�L 12 �. Ó�, ·�JÑ�æ
^ “UþXê”γ 5½þ©Û�n!B�n�`z
(J, γ �±¯�k�/�Nn�5UCz. ïÄ
L², � γ ��� Q �� γ ¯�Jp, γ ép�, Q

�Ú γ Ñ�C�Ú. �©�ïÄ(J�1f¬NB
�n3B�1fÆ+��A^�e
Ä:, ��¢
yü1f
Jø
ë�, ©¥Jpn5U�`z�
{Ú©Û�{��±^uÙ¦/ª�1n.
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Numerical simulation and analysis of a high-Q
two-dimensional photonic crystal L3 microcavity∗
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Abstract
A new double-heterostructure photonic crystal L3 microcavity is designed, under the condition of “gentle confinement”, the

quality factor of the cavity is optimized to reach as high as 2.8× 105 by comparing the simulated mode distribution calculated by finite
difference time domain algorithm with the ideal Gaussian distribution, while the mode volume remains small, Veff = 0.1813(λ/n)3.
This is the best result at present. Additionally, an energy correlation coefficient is introduced to qualitatively describe the optimization
level of a photonic crystal microcavity, which improves the speed and the accuracy of optimization.

Keywords: photonic crystal, three holes defeat cavity, finite difference time domain, energy coefficient
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