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^��k��©�{é�z���.	nª1f¬NR�n¡u�-1ì (VCSEL) 3��z�e�z�/G
é-1ì�ªA5�K�?1
�[O�. ïá
n�1f¬N¡u�-1ì1|O��., ©Û
�z�/GC
zéì��|A5�ªÇA5�K�. ïÄuy, �z�/G�K�1f¬N VCSEL ��ªA5, cÙ´ªÌA5.
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ë�.

'�c: 1f¬N, R�n¡u�-1ì, �z�, ��k��©

PACS: 42.25.Bs, 42.55.Tv

1 Ú ó

1f¬NR�n¡u�-1ì (PhC-VCSEL)

´¢yüÄ��õÇ�k��å», äk2,�
A^cµ. 1f¬N VCSEL ì��d3�z��
. VCSEL �þ©Ùª Bragg ��º (DBR) «�
¡1f¬N(�5¢y [1]. VCSEL[2] dun��
á, ��äk�Ð�p��ª, î��ª��. Ï
d, ·�I�^1f¬N5UõÙî��ª, ¢y
ì��üÄ�Ñ� [3,4]. �âk�ò�ÇnØ, 1
f¬N1n�¢yüÄ�7L÷v^�: Å�8�
zªÇ V �u 2.405[4−6]. üÄ�1f¬N VCSEL

�(�Ò´�âù�nØ?1�O. d�, ì�¥
��z��@��å�é>6����^, Ù3~
5 VCSEL ¥é1����^y3d1f¬N5�
¤, Ø�Ä�z�é�ªA5�K�.

,, 1f¬N VCSEL (�¥, �z�é-
1ì�ªA5EkK�, AO´��
~�K�
>6, �z�»7L~�, �1f¬N"���
C�K���. �z��. VCSEL ��¡(�

����O¤�Î, �z��A�´�/. ��
z�'���, ��5Æ´¥!/ (dup¾�
��z�Ý���É5 [7]). ã 1 �ØÓ�z�
m��z��/G. ®ké VCSEL ¥��z��
��;�ïÄ. ~X, Ivanov Ú Sukhoivanor ïÄ

�z��. VCSEL �§ÝA5 [8], Bienstman

Ú Baets ©Û
~5 VCSEL ¥�z�é�ªA5
�K� [9], Sharizal Ú Leisher ïÄ
�z���
é VCSEL �õÇ!K�>6!>{�ì�A5
�K� [10]; Czyszanowski Ú Tomasz '�
 650 nm

GaInP VCSELs ¥�z����1f¬N��ª�
��^ [11]. �ù
��¥Ñvk�Ä�z�/G
�5�K�, AO´1f¬N VCSEL ¥�z�/
Gé-1ì�ªA5K��ïÄÿ����.

DÚ�©Û1f¬N VCSEL �{´|^1
f¬N1n�., ¿ÏLÚ\�¡Ïf?1O�
ý [4−6,12]. �©K´l1Æ�n�ÝÑu, ^>
^|��k��©�{ (FDTD) ?1�[, ò��
-1ì���n�å©Û. O���
ì�SÜ�
1|©Ù, ¿±d�Ä:, ^ªÌ©Û�{�C - �
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|	íúª, O�Ñ
ì��ªÌA5��|©Ù
ã. ÏL'�ØÓì��ªÌA5��|©Ùã,

©Û
�z�/Gé-1ì�ªA5�K�. ù«
©Û�{Ø=�±©ÛÓ��.eØÓ�z�é
�ªA5�K�, ��±ÿÐ�ØÓ1f¬N(�
e?1ïÄ. �
�´u?1ïÄ, �©�Ñ
>
6©Ù [13,14] �9A5�éì��K�.

ã 1 �z�3ØÓº�e�¢S/G

2 nØ©Û��.�O

��n´-1�)�Ä�^���, ��n�
�þé-1ì�õÇ!�ªA5�5UkX��
K�. 31f¬N VCSEL ¥, ì��þe DBR �
¤
-1ì���n [15,16]. ^ FDTD �{?1�
[, ò�½ªÇ��� Gauss óÀ\\��n¥,

1|Ò¬3nS?1�E��. ÷v��^�!�
Ñ�é����ª©Ù, ¬�X�[�m�ò�
ÅìàwÑ5. ù«©Û�{äk±eA�Ì�A
:: ò����nB\
�[«�, �.�¢Sì
���C§Ýép; �±������n���Å
�!¬�Ïf��|©Ù��A5; ÏLC - �
|	íúª, ���-1��|©Ùã; �{{ü,

Ï^5r. Øv�?´éO�Å]��[�mI
¦��.

¬ � Ï f Q ´ � n �  � ë ê [17]. d
u FDTD �{��O����´>^|©þ�
X�mCz���&Ò, �I�òÙ=z�ª�â
UO� Q �, 8c2�¦^�´ Fourier C�. O�
Úê�õ, ���©EÇ�p. �©ÏLªÌ©Û
5O� Q �, O�úª�: Q =

ω0

δω
, Ù¥ ω0 Ú δω

©O´��ªÇÚ�p�° [18].

Ï FDTD �{�UO�k��mS�>^|,

�¼��«�Ñ�½Ë�|7L^���n [19].

(ÜC - �|	í��¦, ���n{ãXe: 3

Ñ�N±�Ú\J[.¡ A, � A ¡	�ý�; X
J�±.¡ A ?| E, H ���©þØC, - A

¡S�|�", K�â��5½n, ùü«�¹3
¡ A 	�| E, H k�Ó�©Ù.

äN��z��.	nª1f¬N VCSEL

ì�(��ã 2(a)[13], Ù¥�)þ DBR 22.5 é,

e DBR 34 é, e¡´�.. ØÓ|©� DBR ò
�ÇØÓ, ò�Çê�� 3.0—3.5 �m, �z�
ò�Ç� 1.6. ì��1f¬N(�Xã 2(b) ¤
«, �¡��»� 1 µm, ±Ï 2 µm, ¥%"���
»�� 7 µm, �¡�Ý� 1.5 µm. �â V ëêú
ª [4−6], ù��1f¬N(�÷vüÄ�^�. d
u�I��ÄnS��¹, ¤±·��[�oþ
Ý�)��þe DBR, � 8 µm. �É�O�ÅN
þ��, Ó��Ä�3ì��>�«�1réf,

�±�ÑØO, ¤±·�O��î�«��k�
7"�����o�1f¬N. ,	, æ^é¡E
â, ��Ù¥�o©�����[«�, 2^º�
{����«��O�(J. �ªë�O��«�
� 11 µm×9.5 µm×8 µm.

ã 2 (a) 1f¬N VCSEL (�«¿ã; (b) 1f¬N(�ã

�
U
«©du�z��¡ÈÚ�z��
>��¥%��áål¤�5�K�, �©À�

���/�z�!ü��q�!/�z�?1
�[, Xã 3 ¤«. ��!/�z��¡È��/
�z���� (!/�z� 1), ,��!/�K
��	� (!/�z� 2), ù�ÒPk��/�z
��Ó��áål. �/�z��»� 10 µm, ¡
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È� 78.5 µm2. ,	ëì¢�(J, Ù¥��!/
�é���Ý©O� 10 µm � 14 µm, ¥%�>
�ål� 4.069 µm, ¡È� 70 µm2; ,��!/
��1���q, ¥%�>�ål� 5 µm, ¡È
� 105.7 µm2. 1f¬N�¡�Ý�¢�¥²~æ
^�~5�¡�Ý 1.5 µm.

2

1

14 mm

10 mm

ã 3 n«�z�/G��«¿ã

^þã�., ¦^ FDTD solution ^��[, ï
Ä
ØÓ�¡�Ý�ØÓ�z�(�e�-1ì
1|©Ù��ªA5.

3 O�(J�?Ø

�ä¢S-1ì�´Ä�üÄ�ì��Ì�
�â��´wªÌA5��|uÑ�. 3·��
ïÄ¥, òÌ�°��u 0.1 nm, >�³�'�
u 30 dB, �|uÑ��u 10◦ �ì�, @�´üÄ
�ì� [12,20,21]. 3�©¥, �âù���ä^�,

æ^
ü«Ì���ª5©Û�ªA5: �´©Û
ªÌA5ã, XJÌ�3 850 nm NC�¸��é
�p, Ù¦Ì��OÃ³���Ð, K@�ªÇ
A5�`�; �´©Ûd�|1�¤���uÑ�,

XJ�|uÑ���, |r©Ù�8¥, K@�ì
��|A5�Z.

ã 4(a) ´n«�z��ì�ªÌA5'�ã,

Ù¥1f¬N�¡�Ý� 1.5 µm; î�IL«ª
Ç (850 nm éA� 352.9 THz ?), p�I�L�é
rÝ, n«�^©O�L�/�!!/� 1 Ú!/

� 2. �±wÑ,!/��ªÌA5�²w`u�/
�, !/� 2 �ªÌ�`u!/� 1. ù`²!/
�z�éÙ¦ªÇ��ªkX�p�³��^, Ï
�N´¼�üÄ�. Ïd��Ñ(Ø,!/�k
Ïuì�ªÇA5�Uõ, !/�¡È��, �J
�Ð.

�Ä��z�éì��ªA5�K���
�¡�Ýk', ¤±�ã 4(a) aq, ã 4(b), (c) �
Ñ
 2.0 µm � 2.5 µm en«�z�ì��1Ì
A5'�. lùüÌã¡¥�±wÑ, l�¡�
Ý 1.5 µm e�Ñ�(Ø�Î·^, �´ù«�J�
X�Ý�O\Åì~f. ù�)º�, �¡��,

1f¬Né1����^�r, é�ª����^
��, �z���^Ò�é~f. �¢Sì�é
��¡��L 2 µm, ¤±�z�éªÌA5�K
�´���.

ã 4 (a) �¡�Ý� 1.5 µm e�ªÌ'�; (b) �¡�Ý
� 2.0 µm e�ªÌ'�; (c) �¡�Ý� 2.5 µm e�ª
Ì'�

ã 5 �Ñ�´�¡�Ý� 1.5 µm e��|Y
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²���R����|uÑ��'�, Ù¥î�I
L«uÑ�, p�IL«�érÝ, �^�L¹Â
�ã 4 aq. �±wÑ, n«�z�e�ì��|
uÑ�'��C, ùp�uÑ�½Â��érÝ´
�����p° [21]. �/�z�ì��Y²uÑ
���u!/�z�, R�uÑ���?uü«
!/�z��m, ²þó����
. ¤±�±
`!/�z�éì���|A5kX¿Ø²w�
K�^. �[(JL², ��¡�ÝO\�, ù«�
^Ò��
.

ã 5 �¡�Ý� 1.5 µm eY²�R�uÑ�'�

oNó,!/�z�éì��|uÑ��k
K¡�^, %k|uªÌA5�Uõ, ¤±k|u
ì��ªA5�Uõ, ¿�¡È���wÍ, �ù
ü«K�Ñ�X�¡�Ý�O\Åì~�. l
-1ì�|©Ù��Ýþ5©Û, ��â Laguerre-

Gauss Cq [22], ��ØÓ�ª�|©Ù:

Emn(r, ϕ) = Cmn

(√
2

r

ω0s

)m

×Lm
n

(
2

r2

ω2
0s

)

× e−(r2/ω2
0s)

 cos(mϕ)

sin(mϕ)
, (1)

E �>|rÝ, Cmn �8�z~ê, m, n ��ª�

�ê, r, ϕ � �ëê, ω0s �Ä�1��», Lm
n (ξ)

�5Üõ�ª. ÙéA�ØÓ-1ì��ª©ÙX
ã 6 ¤«. lTã¥�±wÑ, Ä��1�©Ù«
���up��. Ïd!/�z�éì��K��
±)º�¡u�-1ì�Ä�����¹3"�
��S, É��z�/G�K���; p��ª
�©Ù«���, �Ùé¡5�!/�z��é¡
5Ø��, Ïd!/�z�ép��ªkX�r�
³��^, �k|uÄ�Ñ�.

ã 6 -1ìØÓ�ª�1�'�

du��z��º�~�� 10 µm �, �z�
/GòØ�;�/¤�!/, ¤±·�ØU¼��
/�z�5?1é'¢�. �´3¢Sì����
¥, 3 10 µm!/�z��^�e, ·���Ñ

p5Uì� [23]. 3Ø�Ä16fßÝ!ì�9A
5�Ù¦Ï���¹e,!/�z�éì�¿ÃK
¡�^, vk���7�æ^�«ó²�{���
/�z�.

4 ( Ø

3~51f¬N�¡�Ýe�z�/Gé1
f¬N VCSEL �ªA5k��K�, AO´éu
ªÇA5. 3Ø�Ä>!9�Ù¦Ï���¹e,

¡È�C�!/�z�ì��ªÇA5'�/�
z�ì���Ð, �|A5��.
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Abstract

The effects of oxide aperture shape whose size is small, on the mode characteristics of external cavity oxide-confined photonic

crystal vertical cavity surface emitting laser (VCSEL) is studied extensively based on the finite-difference time-domain algorithm. A

new three-dimensional model of optical field in photonic crystal VCSEL is built and the influence of the variation in aperture shape on

the characteristics of far-field and spectrum is pointed out. It is found that the modal characteristics of PhC-VCSEL are influenced by

the shape of oxide aperture, the influence on spectrum feature is more apparent. It can be explained from the distribution of modal field

by the fact that the symmetrical characteristic of prismatic oxide aperture is not identical to that of high-order mode. But the influence

is less apparent while the depth of photonic crystal hole is deeper. The reason for this matter is illustrated. The results can be used to

guide the fabrication of external cavity oxide-confined photonic crystal VCSELs.

Keywords: photonic crystal, vertical cavity surface emitting lasers, oxide aperture, finite difference time domain
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