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æ^�lfNOrzÆí��Èp$ª�O)�{)�
 SiO2/Si3N4 ß²0�©Ùª Bragg ��º (DDBR),
JÑ
é DDBR æ^Z!�{¿^�@¡�{. æ^DÑÝ
{nØ©Û
 DDBR, �Ñ
�÷vÑ1OÃ�¦�
��ÇÚ DDBR (�. ¦^1�u1 (PL) Ì¤ÿþ©Û
 DDBR ��ÌÚ1�u1Ì, ¼�
¦1�u1ÌË�
Or� DDBR (�, 3��1�u1Ì 380—780 nm Åã, �NË�Or 1.058 �, 3��Å�?Ë�Or 1.5 �,
�¸�°�d 23 nm CÄ� 10.5 nm, ¼�
éÐ�1ÌXÝ. |^�` DDBR (��¤
p5U��nu1�4
+ì�, �ÊÏ(��', ¢y
$mé>Ø 1.78 V; 3 20 mA 5\>6e, ¶�1rJp
 20%, 1õÇÚ1�©
OJp
 27.7%Ú 26.8%, 1õÇP~�ú; 3 0—100 mA 5\>6e, vk²w�eüª³, LyÑ
ûÐ�§Ý
­½5.

'�c: u1�4+, ��n, 0�©ÙªÙ.���º, Ë�Or

PACS: 85.60.Jb

1 Ú ó

��nu1�4+ (RCLED) äkp�Ç!Ä
u�1Ì!1rÝp�X!§Ý­½5Ð!pN
��°!��1
é<úS��`:, ®2�A
^uÏ&Úp�Ýw«+� [1−4]. RCLED ÃØ´
�DÚu1�4+ (LED) �', �´�R�n¡
u�-1ì (VCSEL) �', Ñw«Ñ`��A5,
AO´3��11
½|äk2,�uÐcµ.
RCLED �DÚ LED �', k�Ä�1Ì�°!�
Ð�u���5!�Ð�ÍÜ�Ç!p�Ý!p
XÝ!p�°!pJ��Ç!§Ý­½5Ð!�
þpÚ�Ð�9A5; � VCSEL �', ÃK�, é
p�§Ý­½5!��5, u�Ç�¦v@op,
¤�'-1ì$ [5], äk�Ð�Å�ÀJ5, ��
���1Åã (Å��u 700 nm) ì�.

±��nEâ�Ä:�ì�ï�´Jp	þ
f�Ç��«â»5�{ [6−11], RCLED ´æ^
þ!e©Ù Bragg ��º (DBR) |¤���n, �

k
«�å/¤Yn²£(�. �´, �O\��
ÇÒ7LO\ DBR �éê, 
´�X DBR éê�
Oõ, Gé>{ÚM)>N�¬��O�, �¬�
5'ß�Ý�O\, l
��u1�Çü$!N�
�Ý~ú!§Ý­½5eü�¯K. �)ûù�¯
K, �´�`zyk DBR, �´æ^Ù¦�1º5
�ODÚ DBR, Xæ^0� DBR (DDBR)[3,12].

�k DDBR (�� RCLED, Ï DDBR 'D
Ú DBR äk�p���Ç, ~�
 DBR �éê,
�±��~�Gé>{ÚM)>N, l
~�
 p-
DBR þ�Øü, ;�ÑyÓ�(³^�K�, 3�
��Ó1Æ��OÃ��¹e, �±Jp>f�Ç
5\�Uå, O\>f�5\, ~�9��). ¿�,
ÏL DDBR (�U
3\r�Ü©guË�EÜ
1�Ó��)�Ä�u�ã/, ¼��p�J��
Ç.Ó�, DDBR ´ý��äk­½5�á�, U¦
ì�Ú±���¸k��ý, {�
	.éì��
K�, Or
n�­½5. 3�y���cJe, �
¢ypu1�Ç!p(¯Ý�A!§Ý­½5Ú
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��K.
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n­½5p!±9�Ð�Å�ÀJ5.

2 � DDBR (�p5U RCLED ��
O���

2.1 RCLED (((������OOO

� 
 ¿ © ï Ä � k DDBR ( � � p 5
U RCLED, Xã 1 ¤«·��O
ü«�¬, �
¬ (a) �ÊÏ(�, �¬ (b) ��k DDBR (�.

ã 1 ~5 RCLED Ú DDBR RCLED �¡ã (a) ÊÏ
(�; (b) �k DDBR (�

2.2 DDBR ������ÇÇÇ999111���uuu111 (PL) ÌÌÌ©©©ÛÛÛ

· � Ì � æ ^ D Ñ Ý 
 { n Ø [13] O �

 DDBR ��Ì, �Ñ�÷vÑ1OÃ�¦���
ÇÚ DDBR (�, ¿|^ PL Ì¤éì�5U?1

©Û.

æ ^ D Ñ Ý 
 {, Ä k n Ø O � 
 3 Å
� 620 nm ? 2 é!3 é!4 é SiO2/Si3N4 �O)
�� DDBR ��Ì!SiO2/Si3N4 �¤� 3RC (3RC
½Â� λn/2 � SiO2 �c� 3 é λn/4 Å��O)
�� SiO2/Si3N4 ¤Y) ���Ì!SiO2/Si3N4 �¤
� 3RC+3RC ��Ì. éu SiO2/Si3N4 �ò�Ç, ¢
�ÿ�ò�Ç�Å�Cz�¹Xã 2 ¤«.

3¦^ PECVD ¢S)�L§¥, SiO2 �)�
�ÇØNo¤£, Ä��½� 730 A/min, ò�Ç
� 1.4822 (620 nm); Si3N4 �)��Çk:¤£, �
� 150 A/min, ò�Ç� 2.044 (620 nm).

lã 3 � ± w Ñ 620 nm ? 2 é !3 é !4
é SiO2/Si3N4 DDBR � � � Ç © O � 49.3%,
68.7%, 81.9%. �â RCLED �O�K, �¼��
ZOÃ, De Neve � [9] ÏLnØO��Ñ¼��Z
�Ç�ºÜÑ1º���Ç��� 50%—60%, æ
^ 3 é DDBR ���Ç���±÷v��n��
Ç��¦. �lã 4 �±wÑ, =æ^ 3 é DDBR

�U¼�¤I���Ç, Ïvk��A�, /Ø
¤��. 
d SiO2/Si3N4 �¤� 3RC DDBR (
����Ç3 620 nm üý�p�±�� 95%,
3 620 nm ?��Çâ,eü, ù´��n�A�,
L²3 620 nm ?/¤��, = 620 nm ?���
Å�?. ���Çvkeü�", Ì��Ï´þ
e DBR ���Ç´Ø���. d SiO2/Si3N4 �¤
� 3RC+3RC DDBR, ��Ç®�� 1, ¿/¤V�
�, �ü��Ø3Ó�Å�?, éuÓ�Å�?�
��åØ�\r�^. ¤±, �
�yºÜº��
�Ç3 50%—60%�m, ���\r?uÓ�Å�
?, ¿�Ä�né±þ� SiO2/Si3N4 �,U
��
�p���Ç, ��¬�¢S�@¡ó²E¤(J
�Ï�, ¤±, ¢�¥À^ 1.5 RC ��ïÄ­:.

ã 2 SiO2 (a) Ú Si3N4 (b) �ò�Ç�Å�Cz�¹

Äk·�3Àæ¡þ)�
 1.5 RC, ÿþ(J
��[nØ(Ju��, ��p��ÇÑ�� 55%,
�3��½ �, �U´du��)��þÝ�ý
Ï�k¤ØÓ, ±9nØò�Ç�¢S���É¤
Úå�, Xã 5 ¤«.

¢�¥, éÊÏ	ò¡�¬Ú3ÊÏ	ò¡þ
æ^ PECVD �D 1.5 RC DDBR �¬?1
ÿÁ
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©Û.ÏLé¢�êâ®o, ��
��¬� PL Ì
Úx1Ì. 3¢�ÿþ¥, duÿÁ¤ì3áÅ�
?�Ø¯a, PL ÌUþ¸��AT3x1��Ì
�ü�p��Ç�m��, �Ñy
�
 �, Ø
Lü�ã�oNª³���ã 6(a), (b). lã 6 ¥
�±wÑ, PL ÌUþ¸�Ñ�3Å�� 640 nm �
m, `²ÊÏ RCLED 	ò¡®²/¤
��, \
þ 1.5 RC DDBR (��ì��±¦Ó�Å�?�
��\r.

ã 3 2 é!3 éÚ 4 é SiO2/ Si3N4 ���Ç�Å�Ú
�Ý�Cz'X

ã 4 3 é, RC Ú RC+RC SiO2/ Si3N4 ���Ç�Å�
�Cz'X

ã 5 1.5 RC DDBR 3 Si þ���Ç�Å��Cz'
X (a) �[ã; (b) ÿþã

ã 7 ´�D 1.5 RC DDBR c�� PL ÌÏL
é PL Ìã?1È©O�, (J�uL 1 ¥.

é ± þ ê â © Û u y, 3 ÊÏ	 ò ¡ þ �
D 1.5 RC DDBR (�U
¦ PL ÌrÝOr, 3
�� 380—780 nm Åã�NË�Or´ÊÏ(�
�¬� 1.058 �, 3��Å�?Ë�Or´ÊÏ(
��¬� 1.5 �, �¸° (FHWM) �d 23 nm CÄ
� 10.5 nm, äkéÐ�1ÌXÝ, ù`²ÀJ·
� DDBR (��¤���nå�
éÐ����
J, Ø=¦���?Ë�Or, 
�3�ªÌ��
S�NË��Or
.

2.3 ììì���ÚÚÚ DDBR ���������

��
ü�ì��¬, ©O��¬ A Ú�
¬ B. é�¬ A ��¡��L§Xe: æ^ÊÏ
�ù1 RCLED 	ò¡, Äkæ^>aÍÜ�l
fN (ICP) Z{�¡, òÑ1�±	�	ò��
¡K, /¤�¡Ñ1�; 2DÈ SiO2, ¿òÑ1�
þ� SiO2 �¡K; ��3¡fL¡í� TiAu >
4, ¿òÑ1�þ� TiAu �¡K; Ñ1���»
� 80 µm; �X���¡, ò¡f~�� 100 µm; 2

018503-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 1 (2012) 018503

3�¡í� AuGeNi >4, ¿3 435◦C eÜ7ò»;
��ò¡f)l¤ 300 µm×300 µm �+�. éu
�¬ B 5`, Ò´�¬ A 3~�c\�Úe¡ò0
�� DDBR ��L§.

ã 6 (a) ÊÏ	ò¡x1ÌÚ PL Ì; (b) 1.5 RC DDBR
(��x1ÌÚ PL Ì

�
¼�p��Ç!$Aå� DDBR, æ^�
lfNOrzÆí��È (PECVD) p$ª�O)
�{)�
 SiO2/Si3N4DDBR. PECVD �È� SiO2

Ï~´ØAå, �È� Si3N4 �±´ÜAå, ��
U´ØAå. |^ PECVD )����, 3ØÓ�)

�^�e, ��w«Ñ
�Éé��AåA5 [14].
K���Aå�Ï�Ì�k§Ý!Øå!�ªª
Ç!�ªõÇÚp$ªÓ�' [14−16] �^�. Ù¥
)� Si3N4 ���, )�^�é���þK�é�.
ÏL¢�, ·�æ^±eó²ÚL 2 ¤�^�?1
)�.

¢�¥æ^=IÚ9úi)�� Plasmalab
80 Plus . PECVD ���È�z7��, �OA
^ 30 W �$ª (100 kHz) -y
Ú 20 W �p
ª (13.56 MHz) -y
.

3�O)�L§¥, �
/¤�� (RC)DDBR
(�, æ^±e 1.5 RC DDBR ���O)�^
S: Si3N4, (λn/4), SiO2 (λn/4), Si3N4 (λn/4), SiO2

(λn/2), Si3N4 (λn/4), SiO2 (λn/4), Si3N4 (λn/4). �
º�æ^ Si3N4 �±å�Ð�n­½�^,

ã 7 �D 1.5 RC DDBR c�� PL Ìé'

L 1 PL ÌÈ©O�(J

��Å
Ë�rÝ

¸�
Å�

FHWM
/nm

¸p
/arb.units

	ò�¬ 49566.475 639.5 23 2034

	ò +1.5RC
�¬

52428.525 636 10.5 3252.7

L 2 æ^ PECVD )� SiO2/Si3N4 DDBR �^�

�¬
)�

¬§
/◦C

SiH4

/mL·min−1

NH3

/mL·min−1

N2O
/mL·min−1

ý�Ý
/0.133 Pa

õÇ /W �m /min þ
Ý /nm

�5

SiO2 300 170 710 1000 20 1′28′′/2′57′′ 106/212

Si3N4 300 400 30 1000 HF:20
12′′

LF:30
8′′

5′56′′ 77 �O
)�
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2.4 DDBR ���@@@¡¡¡óóó²²²���ïïïÄÄÄ999©©©ÛÛÛ

3B�º�,ÏLL 3 é'uy, Si3N4 �0>
~ê' SiO2 p, ­½5p, äkJ±�Ñ�MÝÚ
y5, � DDBR (�� SiO2/Si3N4 �O)��õ
�(�, ¤±3@¡ó²¥äké�JÝ. ±eÌ
�0� DDBR (�¥� Si3N4 @¡ó².

L 3 SiO2 Ú Si3N4 �5�'�

�¬ B�°Ý/eV 0>~ê

SiO2 8.9 3.9

Si3N4 5.1 7.0

2.4.1 �{@¡
�
¹¢ DDBR (�¥ Si3N4 �@¡ó², ·

�Äkæ^�´�~^��{@¡ó². �{@¡
´ÏLzÆ@¡���@¡Ô��m�zÆ�A,
¦¬N=z��M)�Ô�, ±��ò�@¡Ô�
�le5��J. @¡�Ý�ýé§Ý��ê¤K
�ê'X. ¢S¥, �
��@¡�Ý,Ï~¦@¡

3ð§e?1. Ó�, @¡L§¥�(½
Ü·�
@¡^�, �)@¡�¤©!@¡�ßÝ!�ÀJ
�\\!@¡§Ý!@¡�m!´Ä���, 5(
�@¡ZÀ, ~�}¡y�,Jp@¡�þ. ¢�¥,
À^ØÓ'~� SiO2 @¡M� BHF é Si �.þ
)�� Si3N4 ?1@¡, äN/��ã 8.

@¡�ÇÏ�'�ØÓ
u)UC,ÏLé'
Á�uy, ØäN� BHF M��', 3�Ó^�e
æ^ëY5@¡�{, �±~�@¡L§¥Ñy�
ý�}¡, Uõ@¡���ã/Ø5K (ã 8(c)), Ï
�ã/�C�¬K�ì��Ñ1�Ç. ¢�¥��
æ^ BHF M��'� 17 : 30 : 53, ëY@¡ 90 s,
�±��'�Ð�@¡�J. �´ù�´ Si �
.þ)��ü� Si3N4 �@¡, éuì�þ��
O Si3N4 �@¡�ØN´rº. AO´@¡�m�,
éã/}¡�Ò�î­. Ïd, ��@¡KØI�
�ã/, O(3eI��ã/, ü��{@¡´é
Jrº�, ¤±, ·�nÜ�Ä�Z{@¡�`:,
�æ^
Z{�¡�{.

ã 8 ØÓ^�e Si �.þ Si3N4 ��{@¡�¹ (a)—(d): BHF M��'©O� 3 : 6 : 10, 19 : 30 : 56, 17 : 30 : 53

Ú 17 : 30 : 53; @¡�m©O� 14 min, 60 s, 90 s Ú 90 s
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2.4.2 Z{�¡
��{@¡�', Z{�¡U
���Ð�ì

�ã/, äk�{@¡Øä��ÕA`:. �´3
Z{�¡¥�uy
��¯K, Ò´¦^Z{�¡
�,U¼�Ð��¡ã/, �´í3ÔüÑØ¿©
�{, ¬éì��>ØA5�)é��K�.

�
¿©|^Z!�{�¡�`:, qØK�
ì��1>A5, ·�æ^kZ{�¡, �¡��
�e�����, �¤�{@¡, ù�¤õ/)û

 DDBR �¡J�¯K.

3 ì�ÿÁ�(J©Û

éu��Ð��¬, ·�æ^É²��úi
� PMS-50(PLUS)UV b	 - ��1Ì©ÛXÚ5
ÿÁ1ÑÑõÇ!6²�ÇÚÌÅ�, ¶�1r
^ LED 1r©ÙÿÁ¤5ÿÁ. z��¬¥ÑÀ
� 10 �+�?1ÿÁ, ,��²þ�, ^5?11
>ÿÁ��¡Ñ´ØÅÐvk^��ä�µC�
à�¡, ���ì�(JXL 4.

lÿþ(J5w, �¬ B 31>5U�¡Ny

éÐ�`³, ��¬ A �', äkp�Ç!p�
Ý!1ÌX!$ �>Ø!$>{!�A(¯!
§Ý­½5Ð!��5p�A:, ¢y
$�mé
>Ø 1.78 V, 3 20 mA 5\>6e, ¶�1rJp
²w, ´�¬ A � 1.2 �, 1õÇÚ1�©OJp

 27.7%Ú 26.8%.

L 4 �¬ A, B 1>A5ÿÁ(J

�¬ mé
>Ø/V

>{
/Ω

>Ø
/V

rÝ
/mcd

ÑÑ
õÇ
/mW

�Ç
/lm·
W−1

A 1.82 12.4 2.3 65 1.183 4.56

B 1.78 12 2.2 78 1.51 5.78

ã 9 �¬ A Ú B � I-V A5

3.1 I-V AAA555©©©ÛÛÛ

ã 9 ´�¬�>6 - >ØA5­�: 3��>
6 20 mA e, �¬ A ���>Ø´ 2.3 V, �¬ B �
��>Ø´ 2.2 V. ù�U´du�¬ B � DDBR
´ý��, >6é�6²Ñ1�, ��¡�±¦G
é>{~�, ,��¡�~�
 Ohm �>¡È, ¤
±>Ø�� $.

3.2 L-I AAA555©©©ÛÛÛ

ã 10 ´·�ÿþ� LED �¡�¶�1rÚ
5\>6�'X. lã¥�±wÑ�¬ B �¶�1
r�u�¬ A �¶�1r, ��>6 20 mA �, �
¬ B �¶�1r�� 78 mcd, ´�¬ A ¶�1r
� 1.2 �.

ã 10 �¬ A Ú B � L-I A5

ã 11 �¬ A Ú B � P -I A5

3.3 P -I AAA555©©©ÛÛÛ

·�ÿþ
 LED �¡�1ÑÑõÇÚ6²�
Ç�5\>6�'X, (JXã 11 ¤«. lã 11
�±wÑ, �¬ B �1ÑÑõÇÚ6²�ÇÑ�u
�¬ A. ��>6 20 mA �, �¬ B �1ÑÑõÇ
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Ú6²�Ç©O´�¬ A � 1.277 �Ú 1.268 �.
¿��X>6�ØäO\, 1õÇÑy�Úy�,
�´õÇP~'��ú, vk²w�eüª³. �
¬ B ��Ú>6�u�¬ A, `²
�¬ B äkû
Ð�§Ý­½5.

3.4 111ÌÌÌAAA555©©©ÛÛÛ

ã 12 ´ � ¬ A Ú B � > � u 1 (EL) Ì.
3 20 mA 5\>6e, ÏLéªÌã?1È©
O�, (J�L 5.

1-样品A 

FWHM: 17.5 nm

20mA

2-样品B 

FWHM: 13 nm

ã 12 �¬ A Ú B � EL Ìé'

é±þêâ©Ûuy, 3 20 mA 5\>6e,
�¬ B LyÑ
Ð�`�5, 3�� 380—780 nm
Åã�NË�Or´�¬ A � 1.26 �, 3��Å
�?Ë�Or´�¬ A � 1.5 �, EL Ì FHWM �
d 17.5 nm CÄ� 13 nm, ' PL Ì(J�, �U´
duì���L§¥�Ø�Úå�. ��¿©`²
ÀJ·�éê DDBR �¤���n�±å�éÐ

����J, Ø=�±¦��?Ë�Or, 
��
±¦�ªÌ��S�NË��Or. �,Å���
Å��¤£
 0.6 nm, �éì��5UK�Ø�.

L 5 �¬ A, B �ªÌÈ©O�(J (Åã: 380—780)

��ÅË�Or ¸�Å�/nm FHWM/nm ¸p/arb.units

�¬ A 0.00109 631 17.5 5.12 × 10−5

�¬ B 0.00137 631.6 13.0 7.7 × 10−5

4 ( Ø

� ¿ © ï Ä � kß² 0 � DBR(DDBR) (
� RCLED �5U, ·��O
ü«�¬, �«
ÊÏ(�, �«�� DDBR (�. ¢�(Jy²,
� DDBR (��ì�, U
3\r�Ü©guË
�EÜ1�Ó��)�Ä�u�ã/, ¿�~�

Gé>{ÚM)>N, 3���Ó1Æ��OÃ�
�¹e, Jp
>f�Ç5\�Uå, O\
>f
�5\, ~�
9��). 3�N1>5U�¡Ñ
äké��`³, äkp�Ç!p�Ý!1ÌX!
$ �>Ø!$>{!�A(¯!§Ý­½5
Ð!��5p�A:; ¢y
$�mé>Ø 1.78 V;
3 20 mA 5\>6e, ¶�1rJp
 20%, 1õ
ÇÚ1�©OJp
 27.7%Ú 26.8%. 3C>6^
�e, 1õÇ�Ú>6�, õÇP~'��ú, vk
²w�eüª³, äkûÐ�§Ý­½5.

�~a�1>fEâ�Ü�ï��Ü­:¢�¿�±

�!Ü�r!Ç©I!Ü¡Z!o¦¯!Fáðé�¢�

�|±��Ï.
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High performance resonant cavity light emitting
diode with dielectric distributed

Bragg reflectors∗
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Abstract
Dielectric distributed Bragg reflectors (DDBRs) with SiO2/Si3N4 are grown by PECVD alternately. For the etching of DDBR,

dry and wet etching methods are both used. The reflectivity of DDBR is calculated by transfer matrix method, and the high performance
DDBR structure is fabricated to obtain optimal reliability, we find that the enhancement factor along the cavity axis and the integrated
emission enhancement factor of RCLED with 1.5 RC DDBR are 1.058 and 1.5 respectively, a full width at half maximum is 10.5 nm
by PL analysis. Then, high performance RCLEDs are fabricated by using an optimal DDBR structure. The devices with DDBR show
many advantages: a lower turn-on voltage of 1.78 V, under 20 mA injection current, the output power and the luminous efficiency of
the device with/without DDBR gain the improvements of 27.7% and 26.8% respectively, under 0-100 mA injection current, the output
power has unconspicuous downtrend, better characteristic saturation of optical power and temperature stability.

Keywords: light emitting diode, resonant cavity; dielectric distributed Bragg reflectors, enhanced emission inten-
sity
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