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�©|^1f¬N�1»û��n, 3u1�4+ (light emitting diode, LED) þ��
1f¬N(�±JpÑ
1�Ç. 3ù1 LED ì�¥Ú\
 SiO2 ��0�1f¬N(�, ¿?1
�A�nØ©ÛÚ¢��y. (JL²:

0�1f¬N(�éuJpù1 LED ì��1J��ÇkwÍ�J, Ú\0�1f¬N�, ù1 LED �1Ïþ'
ÊÏ LED O\
 26%.

'�c: LED, 0�1f¬N, 1Ïþ

PACS: 42.70.Qs, 51.70.+f, 78.68.+m

1 Ú ó

LED (light emitting diode) =u1�4+, §|
^��N�¡��u1á�, �Ùüà\þ��>
Ø�, ��N¥�16fEÜ, u�1f¿º�U
þ. §3�Ï�!ð���!¿SC»Úµ*ì²
��¡kX2��A^ [1−3].

du��Nu1�4+á���í�ò�Ç
�3é���É, Ïd�Ü©1¬Ï����
�
��3 LED �¡SÜÃ{Ñ�, ��.áÂ¿�
)9U [4−7]. LED �$Ñ1�Ç��
ÙA^�
�, XÛJpÙÑ1�Ç��´�ÆïÄ�9:.

1987 c, Yablonovitch Ú John /�
��N¬
N9Ù>f�Y�Vg, ©OJÑ
1f¬N�V
g [8]. d�, 1f¬NÒÚå
ØÓïÄ+�<

�,�.

1f¬N´òØÓò�Ç�0�U±Ïü�,

|^ò�Ú���n, ¦13Ù¥DÂ¿dSÜ
^|�Ñ, l
)û1�Ñ�¯K [9,10]. 1f¬

Néu LED Ñ1�Ç�¡�k|K�´ [11]: Ä
k, 1f¬N�Y��
Y²���1|DÂ, J
p
R���þ�1Ñ�; Ùg, ¦éAá�u1
Åã�1f¬NU� u1IS; ��, aq1»
û�(�, å�
L¡oz��^. �©ÏL3ù
1 LED � SiO2 �Ú\0�1f¬N(�, 5Jp
ù1 LED �1J��Ç.

2 0�1f¬N�nØ©Û

3¢�¥¦^�ù1 LED ��¡(�Xã 1

¤«. Ù¥ ITO �ò�Ç�´ 2.0. 3 ITO ���í
��.¡þ, ���y�ò³�\���u�.�
�1.

� � � � � . � � ± Ï L d r � ½ Æ O
��Ñ

sinωc =
n2

n1
, (1)

Ù¥ n1 ´\�0��ò�Ç, n2 ´Ñ�0��ò
�Ç. Xã 2 ¤«, �kuÑ�1�Ý3ù	Ë�
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1I ωc �SâUl LED ¥Ñ�, Ù{Ñ� LED á
Â¿=z�9þ. 3�¢�¥, n1 � ITO ��ò
�Ç, Ù�� 2.0; n2 ´�í�ò�Ç, Ù�� 1.0.

l (1) ª¥�±�Ñ ωc = 30◦. ù¿�X�kÛ�
3 30◦ �I��1âUÑ�.

ã 1 ù1 LED (�ã

ã 2 DÚ LED ¥�1DÂ

�3 ITO �þ3)���Ó�þÝ� SiO2 �
�, �â (1) ª, ò n2 �\ SiO2 �ò�Ç 1.45, �
� ωc = 46.5◦; 2O�d SiO2 �Ñ���í¥�
1, d� n1 = 1.45, n2 = 1, �� ωc = 43.6◦. =�
k\���u 43.6◦ �1�±Ñ�. 
13 ITO �
� SiO2 ��mDÂ�, \���u 46.5◦ �1�±
Ñ�, Ïd_�í��Ñe¦\�� SiO2 ��1
�\���u 43.6◦ K\�� ITO ��1�\��
��u 30◦, ù�Ø)� SiO2 ��Ñ�����.
� 30◦ ´���.

�����.��±ÏL3ù1 LED � SiO2

�Ú\0�1f¬N(��±O�, Ïd�õ�1

��±Ñ�. ã 3 �ù1 LED � SiO2 �Ú\0�
1f¬N��(�ã.

e¡�ÄXÛ�O0�1f¬N�(�Ú±
Ï. Xã 4 ¤«, 8�¬��@���¹n�1»�
(�Ó±Ï, zü�1»�m����� 120◦[12].

3ã 4 ¥, p �1»±Ï, a �¬�~ê, ���
´�:.

ã 3 Ú\ SiO2 �0�1f¬N��ù1 LED (�ã

ã 4 ��8�¬�«¿ã

p � a �'XXe¤«:

a =
2
√

3
3

p. (2)

ù1 LED � SiO2 �Ú\0�1f¬N��ý
ÀãXã 5 ¤«. ùp� α1 Ú α2 ¤«�©O´\
��ÚÑ��, p ´1»±Ï. 3 SiO2 �S, � LED

¥1�\���u�����.���±lì�
¥û�Ñ5. XJäk·��¬�~ê, =¦´1
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�\�� α1 �C 90◦ ��±lL¡Ñ�. ù�±
ÏLe¡�©Û)º.

ã 5 SiO2 �¥Ú\0�1f¬N�� LED ýÀã

1»û�úª�

n1 sinα1 − n2 sinα2 = m
λ

p
, (3)

Ù¥ m �û��ê, ùp��Ä� m = +1 ���
¹. 3�¢�¥ n1 = 1.5, n2 = 1.0, (3) ªC�

p =
λ

1.5 sin α1 − sinα2
. (4)

ò (4) ª�\ (2) ª�Ñ

a =
2
√

3λ

3(1.5 sin α1 − sinα2)
. (5)

du1�û���u ±90◦, ·��±©O
� α2 = +90◦ Ú α2 = −90◦, ÏL�'O��Ñ a

����Ú����

amax =
2
√

3λ

3(1.5 sin α1 − 1)
, (6)

amin =
2
√

3λ

3(1.5 sin α1 + 1)
. (7)

�
(�1Ul LED ¥�Ñ, 0�1f¬
N�¬�~ê a 7L÷v amin < a < amax. �
\ λ = 620 nm, � amax = 1.4 µm, amin = 0.7 µm;

pmax = 1.24 µm, pmin = 0.62 µm.

� Ä � X J � O º � L �, 1 � ò Ã { ¢
y, Ïd�¢�¥©O� m = 8 Ú m = 4, �
On«1f¬N(�. O��Ñ�� m = 8 �,

4.96 < p < 9.92; � m = 4 �, 2.48 < p < 4.96.

�ª�O�YXe: 1�«´1»±Ï� 8.4 µm

��/(�, 1�«´1»±Ï� 8.4 µm �n
�/(�, 1n«´1»±Ï� 4.2 µm ��/
(�.

3 Ú\0�1f¬N(��ù1 LED

�¡���

�©æ^1�{3 SiO2 �þ�¡Ñ1f¬N
(�. Ì�ó²Ú½Xe:

1) 	ò¡�W;

2) )� ITO �;

3) )� SiO2 �, )��¡>4;

4) 3 SiO2 �þ©O?1n«1f¬N(��
@�, ±/¤1f¬N�ã�;

5) ���W;

6) �¡, )��¡>4, Ü7.

�¢��O
n«1f¬N(�, 1�«´
1»±Ï� 8.4 µm ��/(�, 1�«´1»
±Ï� 8.4 µm �n�/(�, 1n«´1»±Ï
� 4.2 µm ��/(�. 0�1f¬NL¡(�X
ã 6 ¤«.

4 ÿÁ(J9©Û

ò¦^ÊÏ(��ù1 LED �©OÚ\
n
«ØÓ�0�1f¬N(��ù1 LED ?11>
ëê�ÿÁ, þã�ÿÁ(J. T(JL²: Ú\

0�1f¬N(��ù1 LED �¦^ÊÏ(�
�ù1 LED �', Ù1Ïþþk¤O\. �\��
>6 20 mA �, Ú\±Ï� 8.4 µm ��/
�0
�1f¬N� LED 1ÏþO\
 8.5%; Ú\±Ï
� 8.4 µm �n�
�0�1f¬N� LED 1Ïþ
O\
 15%; Ú\±Ï� 4.2 µm ��/
�0�
1f¬N� LED 1ÏþO\
 26%. ù´Ï�l
1f¬Nü��Ä, n�
�'�/
�U�k�
Jp LED �1J��Ç; l±Ï���Ä, �±Ï
'�±ÏU�k�Jp LED �1J��Ç. ±þ
¢�(JL²3 LED ¥Ú\0�1f¬N(��
±k�Jp LED �1J��Ç. ,	, 3 LED ¥Ú
\0�1f¬N(��, du1J��\¿©, u
9~�, Ù�5Ý²wUõ.
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ã 6 0�1f¬NL¡(�ã (a) Ø¹1f¬N; (b) 1»±Ï� 8.4 µm ��/(�; (c) 1»±Ï� 8.4 µm �n�.(�;

(d) 1»±Ï� 4.2 µm ��/(�

ã 7 ù1 LED Ï>�>6�1Ïþ�'Xã A �Ø¹
1f¬N; B �1»±Ï� 8.4 µm ��/(�; C �1»
±Ï� 8.4 µm �n�.(�; D �1»±Ï� 4.2 µm �
�/(�

5 ( Ø

�©é3ù1 LED ¥Ú\0�1f¬N(�
?1
nØ©Û!�'(��O±9¢���y.

|^0�1f¬N1»û��n, Uk�Jpù
1 LED �1J��Ç. Ú\±Ï� 4.2 µm ��/

�0�1f¬N�, Ù1ÏþO\
 26%.

a��®ó��Æ1>fEâ¢�¿�P�Ú�cE
â<
3¢�þ���|±Ú�Ï.
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Abstract

According to the photon grating diffraction principle, the extraction efficiency of LED with photonic crystal can be improved.

In this paper, the dielectric photonic crystal is introduced into the SiO2 layer of the red LED to improve the extraction efficiency.

The theoretical analyses and experimental results show that the LED with dielectric photonic crystal can well achieve the extraction

efficiency. The luminous flux of new type LED is improved by 26% compared with the normal red LED.
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