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ï�
�« GaAs ÄÅ��N���nOr.&ÿì. æ^©få	ò��)� In0.25Ga0.75As/GaAs þf²
��ì��k
«,Ã Ø�ì���A¸Å�3 1071 nm, ì�3 21 V ��6N�>Øe, ¢y
Å��u 23 nm

�N�. ÚO(JL², �N�>Ø�u 5 V �, N�>Ø��AÅ��mäk­½!°(�éA'X, �Cq�5
N�, Ó�éì��A¸�A5?1
nØ©Û.

'�c: GaAs, ��nOr.&ÿì, p­½, �5N�

PACS: 85.60.Gz, 85.60.Bt, 85.85.+j

1 Ú ó

8c�1Ï&�ä��X�p�Ç!��N
þ&E'A�DÑª³uÐ, &�m��, &�ê
8�O\, ¦��8Å©E^ (DWDM) Eâ¤�
1Ï&+�ïÄ��:. Å��°(ÝÚpÝ�­
½5´ DWDM Eâ¥é1>ì���­�!�Ä
���¦, ù«p��A�ü­ª8¤1
�7L
äk�½�Å��N�õU, ±B¢y�&�IO
�°(éO [1−4]. ��nOr.&ÿì (RCE-PD)

¤Ak�Å�ÀJ5±9pþf�ÇÚp�A�
ÝoN�A5¦Ù3Å�ÀJ�Âì�¥�É'
5.

Äu�Å>XÚ (MEMS) ��N� RCE-PD,

Ù(��Ù¦ MEMS �N�1>ì�aq, ��
�)þ Bragg ��º (DBR), �íY, ��Nn (þ
f²k
«) ±9e DBR A�Ü© [5,6], ÏL��
íYüà\�� Ø, |^·>å��^UC�í
YþÝ, l
UC Fabry Perot (F-P) n�n�, ¢y

Å��ÀJ59�N�5. éu GaAs ÄÅ��N
�1>ì�, duB�°Ý±9¬�~ê���,

éJ¼��Ï&Åã�ì�, �Ü©���ì�¥
%Å�Ñ´3 850 nm NC [7−9].

�©��
�« GaAs ÄÅ��N���n
Or.&ÿì. æ^ In0.25Ga0.75As/GaAs þf²
(�, òDÚ GaAs Ä�N� RCE-PD �¥%Å
�ÿÐ� 1064 nm NC, 3·>°Äe¢y
�
u 23 nm �Å�N�, Ó�éì��N�5U9�
AÌ�p°�
�A©Û.

2 ì�(�9ï�

ã 1 ¤ «�Å � � N � RCE-PD � ì �
( � { ã. | ^ Veeco Gen II MBE X Ú ¤
) � � 1064 nm Å � � N � � � n O r .
& ÿ ì � á � ( �, g e 
 þ � g�: n+ �
, � GaAs � . ± 9 � À � !23 é n . �
, � GaAs/AlAs DBR � � º, Ù þ�� ý �
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� k 
 «, d ü | In0.25Ga0.75As/GaAs þ f
² | ¤, z | þ f ² � ¹ 3 � In0.25Ga0.75As

ã 1 Å��N� RCE-PD ì�(�{ã

²�, d GaAs m�m, �e5´ 3 é p .�,
� AlAs/GaAs DBR ± 9 Al0.5Ga0.5As @ ¡ � �
� ! � ý � � GaAs ã+ � !12 é n . � ,
� Al0.9Ga0.1As/Al0.3Ga0.7As þ DBR ±9 GaAs >
4�>�, Xã 2 ¤«. ì�æ^É¡>4, ì�
� n .>4��.��^>4, 
 p >49k
«
ÏL@¡��{©lm5.

ì��ï�L§�)1�9�{@¡�¤Ù
��'ó². 1 1 ÚÄk��ºÜ n .>4; 1 2

Ú�.~�¿�¡Èí�.Ü n .>4; 1 3 Ú

æ^ H3PO4/H2O2/H2O @¡��{@¡]:�, �
³ GaAsã+�; 1 4 Ú2æ^þã�ÀJ5@¡
��{@¡ì�k
«, òì��lm5; 1 5 Ú
æ^ C6H8O7/H2O2 X@¡�ÀJ5@¡�Kã+
�� GaAs, º�]:; 1 6 ÚÏL lift-off �l��
ì�� p .>4, ��ì����.. �ª���
¤�ì� SEM ýÀãXã 3 ¤«.

ã 2 Å��N� RCE-PD	ò¡(�

ã 3 Å��N� RCE-PD ì�� SEM ýÀã (a) �Nì�ýÀã; (b) ì�]:ùÜ©�ÛÜ��ã

3 ©Û�ÿÁ

�â Pezeshki �JÑ��íY���NnÍ
Ü�nØ, MEMS Å��N�R�n.1>ì��
�k 3 «(�µ��NÍÜn (SCC)!�íÍÜ

n (ACC) ±9*Ðn (EC). éu SCC (�, ��N
k
«����nÙþÝ� λ/2 ��ê�, �íY
��þ DBR ��Ü©ÙþÝ� λ/4 �Ûê�. é
u ACC (�, ��Nn�þÝ� λ/4 �Ûê�, �
�e DBR ��Ü©, �íY������nÙþ
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Ý� λ/2 ��ê�. 
éu EC (�, 3�íY�
��N.¡?Û��|��� (AR), �íY���
N�N����nþÝ� λ/2 ��ê�, ù«(�
��L
 ACC � SCC ��«ò¥�ª [5]. ·��
±^ Fabry Perot (F-P) nnØ5?n�ín (�)

þ DBR ��íY), òþÝ�C��ín�N��
��þ��º, ©ÛÙk���Ç9k�� �C
z. �ìù«©Û, F-P n�ü�à¡��Ç©O
� Rtm (þ DBR ���Ç) Ú Rc (�íY�e¡�
�N.¡��Ç). k���Ç9k�� ©O�

Reff =
Rc + Rtm + 2

√
RcRtmcos(π + φg)

1 + RcRtm + 2
√

RcRtmcos(π + φg)
, (1)

φeff = tan−1

( √
Rtm(1 − Rc) sin(π + φg)√

Rc(1 + Rtm) +
√

Rtm(1 + Rc)cos(π + φg)

)
, (2)

ùp13�íY¥� ��£ φg = 2βLg + 2(β −
β0)Ltm, β = 2π/λ,Lg��íYþÝ,Ltm�þ DBR

k��Ý. ½Â� ÍÜÏf� γφ = dφeff/dφg, �
�µ

γφ =
Rtm(1 − R2

c) +
√

RtmRc(1 − Rc)(1 + Rtm)cos(π + φg)
Rc(1 + Rtm)2 + 2

√
RtmRc(1 + Rc)(1 + Rtm)cos(π + φg) + Rtm(1 + R2

c + 2Rccos2φg)
, (3)

∆λ

λ0
=

γφ∆Lg

Lbm + Lc + γφ(Lg + Ltm)
. (4)

ã 4 |^ F-P �.©Û���� ÍÜÏf γφ �13�í
Y¥� ��£ φg �m�'X

dd��, � ÍÜÏf γφ ��, �íY�C
z ∆Lg Ò�Uk�/=z�Å�Cz, l
Å�
N��Ç�Ò�¯. ã 4�|^ F-P n�.?n�
íY, O����� ÍÜÏf γφ �13�íY
¥� ��£ φg �m�­�'Xã. lã¥·�
�±��: SCC (�� (φg = π), éA�� ÍÜ
Ïf γφ ��, Å�N��Ç�Ò�ú; ACC (�
� (φg = 2π), éA�� ÍÜÏf γφ ��, Å�
N��Ç�Ò�¯, �´ù«(�¥, ��Nk

«�1�f, Ø|uì��&ÿ5U. Ïd,·��
O�ì�æ^
�ö�ò¥�ª.

3ÿÁì���AÌ�c,·�éì��V>
6A5�
ÿÁ, uyÙV>6é�, 3 –5 V ��
�>Ø��S, ì��V>6�±3 10−10 A þ?,

ùk|uì�3 0  ØG�e�&ÿ. ��, ·�
éì�3 0 V  Øe��AÌ?1
ÿÁ, uy�
N�>Ø VT� 0 V �, ì���AÌ¸3 1071 nm

?, ù´Ï�·�3�Oì��á�(��, ò�
íY��þÝ�
·�O\, ù�¦�ì��Ð©
Å� �k
�ù£, k|uO�N���9N�
�Ç [10,11].

O\N�>Ø VT, �±¦�þ DBR ��º3
·>áÚ��^e��.£Ä, UCÍÜn�n�,

l
¢yÅ��7£. ÿÁ¥,·�uy� VT O\
� 5 V �, ì���A¸ �m©Ñy7£, £Ä
þ� 1 nm, �X VT UYO\, �A¸Å�UY7
£, � VT O\� 21 V, ��·�ÿÁ¤^��6>
Ø
�þ�, d��A¸Å�7£� 1048 nm. �
d, Å�N�þ�� 23 nm, �ã 5 ¤«.

l ã 5 ·� � ± w Ñ, � X VT � O \, �
AÌ¸ �7£, �A¸�¸��ÅìO�; �
Å � 7 £ � 1064 nm � m, d � � � A ¸ � �
p, � � ¸ � � Å ì ü $. ù ´ Ï�k 
 «
þf²� In0.25Ga0.75As/GaAs, ÙáÂ¸� �
3 1064 nm NC, ù�·� MBE )�¢ÿ�þf
² PL Ì�¸� �Ä��Î.

Å��N� RCE-PD ��AÌÿÁI��y
ü:µ�´I�°Ýp�üÚ1
; �´I�°(
� 20 µm ±S��«à�ÍÜXÚ. þãÿÁì�
�AÌ¤^�1
�1»üÚ¤, ÙüÚ5��'
�N�-1ì�üÚ5��, ,	, 1å²Là�
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ßºÝ��ì��þ DBR, ±aq��I.�\
�, �ã 6(a). d��\�1å¥, Ø
�\��1
�	, �k�Ü©1´±�\���ª?\ì�k

«, �âDÑÝ
nØ [12], d�z����� 
þÝ

δj =
2π

λ
Njdjcosθj (5)

ã 5 ì��A¸�N�A5ÿÁ N�>Ø VT d 0 V O
\� 21 V, �A¸Å�l 1071 nm 7£� 1048 nm N�þ�
� 23 nm

ã 6 (a) ì��AÌÿÁXÚ{ã; (b) ØÓ\���1é
ì��ª¸Å��K�, θ 3 0◦—15◦ Cz�, �ª¸ �
l 1072 nm 7£� 1065 nm

Ñ��\���¹ØÓ, ù¬��ì��ª¸
� � £. ã 6(b)�|^DÑÝ
{O����
ì���Ì�­�, l�[�(J�±wÑ, �\

�� θ0 = 15◦ �, ì���ª¸ ��é�\��
�/ £
 7 nm. ùÒ`², ��I.�1å\�
�ì��,·�ÿ���AÌ¢Sþ´�«ØÓ�
Ý\�1��AÌ�U\�J, 
ù
ØÓ�Ý\
�1��A¸� �´k ��, ùÒE¤
·�
¤ÿ���A¸��p�°ò°�A. Ïd, ì�
¢S��A¸��p�°A'¢Sÿ����Ä
éõ.

ã 7 Å��N� RCE-PD ì�N�­½5�ÚO(J

Å��N�ì�Ø��¦k°�N���, �
�¦ì�N�äkp­½5, ¿�N�>Ø��A
Å�U°(éO. �d, ·�éÓ�N�>Øeì
���AÌ?1õgÿÁ, ¿æ��EC�N�>
Ø��{ÿÁÙ­½5, ã 7 ¤«�ÚO(JL²,

Tì��N�>Ø��A¸Å�äk­½!°(
�éA'X, ��N�>Ø VT �u 5 V ±�, N�
>Ø��AÅ��m¥Cq�5'X, ùéì��
A^5´�'­��.

4 ( Ø

|^ MBE 	ò)� GaAs Ä	ò¡, ¿ï�
¤õ 1064 nm ü]:Å��N���nOr.&
ÿì. ì�3Ø\N�>Ø���A¸Å� �
� 1071 nm, ��O��Î; 3 21 V �·>N�>
Ø��S, ¢y
Å��u 23 nm �7£; Ó�, õ
g�EÿÁ�ÚO(JL², ì��N�>Ø��
AÅ��mäk­½!°(�éA'X, �Cq�
5N�, ùk|uì��¢SA^.
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[1] Selim Ü M, Samuel S 1995 J. Appl. Phys. 78 607
[2] Saif I M, Ming C W 2003 Proc. SPIE 5246 448
[3] Kalman R F,Fan J C, Kazovsky L G 1994 IEEE J. Lightwave Tech-

nol. 12 1263
[4] Tulchinsky D A, Boos J B, Park D, Goetz P G, Rabinovich W S,

Williams K J 2008 IEEE J. Lightwave Technol. 26 408
[5] Larson M C 1996 Ph. D. Dissertation (Stanford: Stanford Univer-

sity)
[6] Pezeshki B, Harris J S 1992 Patent U S 5 291 502
[7] Wu M S, Vail E C, Li G S, Yuen W, Chang H C J 1996 IEEE

Photon.Technol. Lett. 8 98

[8] Larson M C, Massengale A R, Harris J S 1996 Electron.

Lett. 32 330

[9] Li M Y, Yuen W, Chang H C J 1997 Electron. Lett. 33 1122

[10] Vail E C, Li G S, Yuen W, Chang H C J 1997 IEEE J. Sel. Topics

Quantum Electron. 3 691

[11] Chang H C J 2000 IEEE J. Sel. Topics Quantum Electron. 6 978

[12] Kang J F, Zheng Q 1984 Applied Film Optics (Shanghai: Shang-

hai Scientific and Technical Publishers ) p94 (in Chinese) [xA
u, x� 1984 A^��1Æ (þ° : þ°�ÆEâÑ��)

1 94 �]

High stability and linear tuning wavelength tunable
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Abstract

A wavelength tunable resonant cavity enhanced photo-detector grown on GaAs is fabricated. The quantum wells of

In0.25Ga0.75As/GaAs in the active region are grown by molecular beam epitaxy. The peak of the response spectrum at 0 work bias is

located at 1071 nm. When the tuning voltage rises from 0 V to 21 V, the peak shows a blue shift of 23 nm, reaching 1048 nm. Statistical

results show that there is a stable accurate corresponding relation between the tuning voltage and the response peak. The relation is

approximately linear when the tuning voltage is greater than 5 V. Some theoretical analysis is performed on the test results.

Keywords: GaAs, resonant cavity enhanced photo-detector, high stability, linear tuning

PACS: 85. 60. Gz,85. 60. Bt,85. 85. +j
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