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Abstract: Military infrared detectors need large format, highly uniform and multicolor focal plane arrays

operating in various infrared regions. A candidate which can meet this need is the Quantum Well Infrared

Photodetectors(QWIP). As a new generation of infrared detectors, the QWIPs are based on the carrier

confinement in ultrathin semiconductor heterostructures. The main advantages of GaAs/AlGaAs/QWIPs

include standard III-V substrate material and technology, excellent thermal stability, uniformity, large

area, low development cost and radiation hardness. Another important advantage of QWIPs is their

band-gap engineering ability. By adjusting quantum well width and barrier composition, the device

structure which meets the special requirements in multicolor focal plane array applications can be de-

signed. The understanding of the physics of QWIP detection and the development status of multicolor

QWIP technology in recent years are presented.
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Development of Multicolor Quantum Well
Infrared Photodetectors (II)

WANG Yi-feng, TAN Ji

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Military infrared detectors need large format, highly uniform and multicolor focal plane arrays

operating in various infrared regions. A candidate which can meet this need is the Quantum Well Infrared

Photodetectors(QWIP). As a new generation of infrared detectors, the QWIPs are based on the carrier

confinement in ultrathin semiconductor heterostructures. The main advantages of GaAs/AlGaAs/QWIPs

include standard III-V substrate material and technology, excellent thermal stability, uniformity, large

area, low development cost and radiation hardness. Another important advantage of QWIPs is their

band-gap engineering ability. By adjusting quantum well width and barrier composition, the device

structure which meets the special requirements in multicolor focal plane array applications can be de-

signed. The understanding of the physics of QWIP detection and the development status of multicolor

QWIP technology in recent years are presented.

Key words: quantum well; multicolor; infrared detector; focal plane array

8 n / QWIP @ p / QWIP !"A

�
���� AlGaAs ������ [37] �

��	��� GaAs �
������
��

����� n ���� p ����	��	

MBE �����
 n ��� Si � GaAs ���

�����
������	
 p ��� Be

� GaAs �������	�������� p

#�$%�2013–09–16

&'���01B (1963-) �C�DEFG2�H34�IJH(5�&6)78KL'9M�
E-mail: wangyifeng63@sina.com

Infrared (monthly)/Vol.34, No.11, Nov 2013 http://journal.sitp.ac.cn/hw



( 34 )�( 11 * � � 19

� QWIP �

p � QWIP �	
��������

	�GaAs ��
��
��������

����	��������������

p� QWIP��������������

����� [2] � p � QWIP �����

���	���������������

��������
����������

�����
��������������

���������
�������	�

������
��������	����

������������������

����� 
����������!�	"

� p � QWIP 	����� n � QWIP ���

��
������	��"� n � QWIP

��# 2 � ����$�� [2] �

* 2 n + QWIP , p + QWIP -./

� � � �

n � · ����%��� ���&%��! · "# �!
$���"�!��%�%���'� · ����  #&$'

· �'%� SWIR ∼ VLWIR &�()()!*"!

p � · +"� #$ · �%���'��&
· !%& #�!%���  · *� VLWIR �',�""

· -�#�&

9 N+,Æ!:O;
����
�''���(#�(	)

$��$��)%�.��������*/

+&$
''��0*��� [2] 	+�+�

�,�����1''��' ��
*

/����,(���� ()2-��-
3.

') �2-�4%	/���**&+'��%

��0**&��,0� [15] �,0�(���

� [26] �

�.��5)'5/6,���)���

���-)�,*���-�(.1(/

6�2�0)��
+������0�1�

���,17���0����3	�1(

/6�2�����(��*�0*+''

� [36] �

.0�
-�18'4�92�����

�����,. [2] �������	����

�:3�� A ��� B ��� C ��5��+

1��18��3 8(a)(Æ��:/$���

�5�18;/-<0%�2���.�0+�

�
=��6�����45$�������

%���

(1) ���� A 1��
*/�7�1	�

�����2��1 �8��/6��.�

/296�

(2)�� B 	��*/����)$��

7������.>����?��:3�34

����0%����/6	�.��*/@

� 4556*�)+1�6/��?A�3

4����-��	/6�6���	����

���/8�2Æ/���*�6����

(3) ���� C ����*/�1	��

����	9����6����������

�3:�/64��1���;
�:�5<

*����8��3B=�Æ:����7

��1��610	���610��/2�>

�-C7���
������	�610+-

�8D$���:��
$�� MQW��8

����399�9���3 8(b)(Æ����

*�; ���,<�	�9Æ$/E�7�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.34, No.11, Nov 2013



20 � � 2013 � 11 �

? 8 F��0=:��0

3 8(b) �;:@�.��%Æ>
?

;�����%;A8�	<���B3��.<

@���%���34��9��A8>@�

�<,�����	���������:

:��;
G<=������>��%�

.��3 9 (Æ���H/��.	��*/�

��+?����'�I���G<=A

��3����@� QWIP [26] �

? 9 =*J>ABKC?�!B%&@D→CLD�

BA/$��E	3C%��=>�D�

��M��$B���C�''��.�(
'

'���(�����'�1���E�

 C%�� QWIP D��

9.1 021→021 QWIP

F�����3EN�% QWIP���


��������)���
?��@)$�

������3�)���
*/+&?�

�������������4?������

���0*��� [39] ���*�����4F

7���+?����'���!����

8�GH�G��
3�
@�$�� [2] �

����A�>���������B��

4F�52D��6# [15] �������
����I��HB�E��F8�$B��E

I��HB���G���:F7:��

���8	�� QWIP ����������

�F7	�92�� [20] �

��''�→''� QWIP $5����

�''�C	��
+��� $����

8	��
+���,<��%IH����
�J0�
��4$5�-�8����/6�

������O4F52A��CP��/6	

�+�������8�?��Q��;�>�

��������''�→''� QWIP 

	�D� [26] �

9.2 021→231 QWIP

��,0�R	����*/)$��
����.���,0�-,R	��
�

���-<�/6���� AlGaAs ��O��

��G�����	J�����SI�

��EK8��K8J9�������KA�

8����OG��4 50 nm ������

�����/6T�3�/)�9J9��

��� [2] �''�→,0� QWIP ���+

EK'���@��H���''�→''�

QWIP ��� – EK������ [26] �

9.3 021→4021 QWIP

	''�→+''� QWIP ���/��

�2-�+��*/U���*����8

	L3L:2��(��%�����45

Infrared (monthly)/Vol.34, No.11, Nov 2013 http://journal.sitp.ac.cn/hw



( 34 )�( 11 * � � 21

L:����%LF�������V33Q

0���M%PU�N�����

''�→+''� QWIP ��	PU��

��?��J9��� [2] �+''�→,0�
QWIP+$�''�→+''� QWIP	��

��	��G�� (R������0*G�

�) ������ (<�����+��
*

/'�10) ���''�→,0� QWIP �

G���������$������A

�� MeV (�*?����R	��
*/�

�� MeV)$�) 	���''�→+''�
QWIP �������+7��.���
�

��+����34+''�→,0� QWIP

+$�''�→+''� QWIP G����

������ �� MeV ��������

K8J9�����

9.4 021→5; QWIP


E<HG<=��WM AlGaAs ����

���''�→A� QWIP �<D�I��'

'�→''� QWIP 
''�→,0� QWIP

C=�� [26] ����������''�→
A�LF
G<=/6�+''�→,0�

QWIP
''�→+''� QWIP +$�''�

→A� QWIP 
3�QID��	B�+>

�'��2-��Q��J�+K7
I��

����+A�*/�����>�L92�

MO	����+A��PU������3

Q�3�	�N��2�
�J�3��''

�→A� QWIP 	��MDON��8��

0G<=��3��P��
3�
��

�����>�QK79�����G�

10 P<Q= QWIP

D: QWIP �Q���E��LFN

1��
�	����8�GHG1X��

���Y	''�→''��P''�→,0
�'�LF [30] 	�����
�����

� [40] 	���
����
�Æ���
�9

����� [41,26] ����5OC���O:

QWIP �

AlGaAs/GaAs/QWIP3�
Z[���


3.* 4 nm ��3Q� 30 nm [15] �P< [26] R

L��%OMF7 (�@
�") O: QWIP

������

��Z[���Q� GaAs

��
�33 11 nm � Al0.25Ga0.75As ���3

3 87.5 nm [42] ��3D.���
?���

��>Q����+�/�0���→,0

�
?����→,0�'�LF��%F7
MN,�	���K�N''�→A�LF

InAlAs/InGaAs/QWIP ��� [43] �

P< [2]RL��% VLWIR/LWIR/QWIP�

�� VLWIR/QWIP<H�* 30 �GaAs��


3�* 6 nm�AlGaAs ��3�* 50 nm	

LWIR/QWIP <H�* 18 �GaAs ��
3

�* 4 nm (���<��
�����>	�

��\��]^��
��K) �AlGaAs �

�3�* 50 nm 	��'�
��G�* 0.5

µm ��� GaAs OP+��*<�G��

��� VLWIR/)(	"�(� VLWIR26

�
''�→+''� QWIP (L92�* 14.5

µm)	LWIR26�
''�→,0� QWIP (L

92�* 8.5 µm) �8�?QNS���)$�

��
�����PÆ�� MQW<H���

����NÆ��JO1@�� (= ��� +

���) �

���P< [2] ,RL���R: QWIP �

�������� 3 ∼ 5 µm QWIP <H�*

15� 8.5 ∼ 10 µm QWIP <H�* 25� 10 ∼ 12

µm QWIP <H�* 25 � 13 ∼ 15.5 µm QWIP

<H�* 30 �D: QWIP '�
��G�*

0.2 ∼ 0.8 µm ��� GaAs OP+�T�<�

G����D��2�3�/)(	"�

VLWIR26�
''�→+''� QWIP (L9

2�* 14 µm) 	�RO�3�
''�→,0
� QWIP ��*�����
���CA�

VLWIR/QWIP ���
����P< [29] R

L��%;
��EKD���D: QWIP �

����O�

P< [44]RL��%O: QWIP���O1

N: QWIP �U	�/�C1'�
+��G

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.34, No.11, Nov 2013



22 � � 2013 � 11 �

_VOP+ (�5P0O8��
���"�

O��WM [45])�<D����K��D:�

����C1(
��
��+����G�

���1)8�����`UÆ�N: QWIP

������A9�����K)P��



�S���	B�DJO MQW�EK	

(#�����A9)D	C�N: QWIP

��1EK�W+=����QD��KJ �

	��3Q�AN: QWIP ��0)EK

��H���(��3/)�KJ�	 �

	��C��AN: QWIP����77��

���� 3�JO��O: QWIP�Æ�JO

Q� 32���
�CJO� GaAs��
3�

)a* 5.5 nm � 6.1 nm 
 6.6 nm � Al
x
Ga1−x

As

��1))a* 0.26�0.22
 0.19���G�

C* 46.8 nm �N: QWIP '�P0
G�*

93.4 nm  GaAs O (
 Si ��3 1.5×1018 cm−3)

���	��EK��C���
L92�

)a* 7 µm � 8.5 µm 
 9.8 µm �

+ GaAs � QWIP +$� InP � QWIP 	

������
<=QP n��G$�� 3 ∼
5 µm/8 ∼ 20 µm O:������� GaAs �

QWIP (�3 [2] �<�G MWIR/QWIP

<H�* 20 � In0.53Ga0.47As ��
 (n ���

3 5×1017 cm−3) 3�* 3.5 nm� In0.52Ga0.48As

��3�* 35 nm 	 LWIR/QWIP <H�

* 20 � In0.53Ga0.47As ��
 (n ���3 5×1017

cm−3) 3�* 5.5 nm � InP ��3�* 50

nm 	S�D�S
ROXT-��

11 P< QWIP !67R

*�>�3Y������� QWIP 4F

Z[�'� [46] ��TSR85�$A�

���7�QK�/A/1�QWIP ����

�)*��R%���

(1)����6� AlGaAs��������


/63�����
��������2��

(2) 	��92� (<30 K) �����	

��9U/6	"�

(3) 	�72�TU+����	��GU
C/6T��)�������G��4�	
D;UC�/68������	��E
K�/68���*4/)��EO%���
	M��V��/6��(��+�/���8
�����G��3J9	����G���

�\]��������-����G��	J
9��� (8����SI��J9) [2] �

(4) 	��2� (>45 K) �����	�
�G����T��)�32�����/
��L����� QWIP W�F72�*
40 ∼ 80 K [2] ������F72��>-P
^4 QWIP ��F7	�>b'�����
	_X�[3��
 QWIP ���	��G
���������G������+���
���F�%V���	�W6����
���$Ac�%�����R [2] �GT�

�M`���
���� ()����) ��

�����	��������V���8�
	�������QNS����3���G
�9
����9���������J43
A�����	�����W6�D�P< [7]

D ��� QWIP<H���K8J9����
X� QWIP�����
 MCT����

��	�+V��Db��*��C	�

Y �SL�	�����5��Db�
�����a)����� LWIR/MCT 

a)����E (W�/9� 300 µs) ���;Z

-<��Q�::�Æ>b (	�":) db	

QWIP �3�����a)��3�$ MCT

D 10 ∼ 100 \�W�/* 5 ∼ 20 ms [2] �Y%

��� :CW��T4M1 NEDT�[X

'�	�:a)����QWIP �����

�� MCT ���

�.a)���3�	�Xe�Æ:��U

>b (�Zc7) � QWIP 3�MW MCT �P

< [47]fg�LWIR/QWIP �Q���6#�
Y �SQ/)�\YhV���.S
iW

[iXYMN�34-����\Y��2

6��a)�+�/�Æ�\YV�� 3 ∼ 4 �

�V���:	J93Q�Yh�\���XW

Infrared (monthly)/Vol.34, No.11, Nov 2013 http://journal.sitp.ac.cn/hw



( 34 )�( 11 * � � 23

[4XYMN��NS3�jZ�%���

384×288×2�GY ���Q� 3.1 ms ���

�9�	 100 Hz E[� NETD<25 mK @G

�>� 6.8 msa)��	-P� 2×2]XY�

��6�2�)k���) CCIR3\���

� RS170=N�	 120 Hz E[�;
 384×288×2

�E�a)���V3 6.8 ms �SSa)��.

* 11 ms �	 �Y �Sl
�8-�5�d

b2����,��52QÆ�TU���]

\��G��O: QWIP �
�Zc]+��

12 QWIP !-8S>?@T

 MBE 7�Z��O-� QWIP D�

��4�,�-(����FU=� ��

�
�������MFU�� [2] �

(1) ^d:_	

(2) 
F�X3@ \YQA
�G�D�

(�.<�^) 	

(3) 
RO [48] �^OF[XT(�`�

m"4	

(4) 
_�X3@e7/E�7	

(5) �e7�7��Æ`	

(6) �_'.F[P�e0	

(7) aH�G�

��
��J�+��J���b4��

��QK���P���7X�a QWIP�G

���8��aH1 QWIP �G�	\n

�fF����`����J��c ��

���
�Sab2 (300 K) 
92 (77 K) �

������ [2,49] �+��J�����c 

���L9��2��L:2��P�J�

37Tc���J
+��J������

dg]?[e��J^-��8�;
(�b

3�F7	�32��b4_�������

�+CC3���h�9�QK�����

��S::dg]?[[J)d^-����

���8��
�Sm"4X�)d^��	

�fF+ QWIP +&�$���b$-��

A,IQK��
����3@������

�"�`�P���$���7X�)�(

#�HfNa [2] �

H�`a���#E��5Oc* QWIP

���X�b`a�� [26] ���DX�3

c* QWIP `aA���D: QWIP�G�,

�1���)d��J`a���

13 U:A

@4A$�(�geDd�&�QWIP ,

��c (b) J��
�N: QWIP ,
�e_

0BF�D: QWIP 8,
��5dÆ�f�+

�g�����+$� QWIP <��9F7
2���Sh=��	
3�
�M*K��

�. [2] �*�if QWIP �������
F72��<�	PU���i��Q�
�J9����

+ MCT �����+$�QWIP ����
�0R	eH�&j6 [2] �Tf0(c�g�

��	X�Hh� QWIP7* MCT9�MM

W_ [47,50−51] ���>-$A�;9�M<hi

-)�������f��G���MQ4
���)*7�Oj�gi (��� / Y �

S) �jk�PI�+�`����
k,4F

��92�fF�M�+�EOj+$��8
���l(�/)��<)�Y �S�Z

��@�M8.�J9 15% ∼ 20% [2] ��8
� QWIP �Mj�*K9��:8���

�����Mh��Y% GaAs �M�$

MCT 9�D�

K9��

[1] lim�nk�oj�k&�mL&oM%pnK
(op [J]. N:, 2013, 34(2): 1–9.

[2] Henini M, Razeghi M. Handbook of Infrared Detec-

tion Technologies [M]. Oxford: Elsevier Science Ltd,

2002.

[3] Tidrow M Z. MDA IR Sensor Technology Program

and Applications [C]. SPIE, 2003, 5074: 39–43.

[4] Munzberg M, Breiter R, Cabanski W, et al. Dual

Color IR Detection Modules, Trends and Applica-

tions [C]. SPIE, 2007, 6542: 654207.

[5] Robert R, Martin W, Joachim F, et al. Bispec-

tral Thermal Imaging with Quantum Well Infrared

Photodetectors and InAs/GaSb Type-II Superlat-

tices [C]. SPIE, 2006, 6206: 62060Y.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.34, No.11, Nov 2013



24 � � 2013 � 11 �

[6] Donald A N OoPkl�lqm�lnq�poo
QR;<=>?S (T@U) [M]. qm���#pr
sm� 2005.

[7] Smuk S, Gromov A, Alverbro J, et al. Optimisation

of QWIP Detectors for Space Applications [C]. SPIE,

2005, 5978: 59781B.

[8] lim�r=toKronig–PenneynLo�%MAT-

LABrs=Æt [J]. VW>N:, 2010, 40(7): 770–

774.

[9] Pierret R F Oonp�lX�lnq�poosq
Yro QR;?SZ[ [M]. qm���#prs
m� 2004.

[10] or�opqLuvurv [J].\A]BC^, 2005,

9: 88–90.

[11] _sto D`aQR;<=E [M]. qm�tsr
sm� 2005.

[12] wb��luso QR;?ScdF<=EZ[
[M]. qm�tsrsm� 2003.

[13] tuv�vux�tuvo QR;?S<= [M].

qm�tsrsm� 2005.

[14] Kinch M A. Fundamental Physics of Infrared De-

tector Materials [J]. Journal of Electronic Materials,

2000, 29(6): 809–817.

[15] ew�%ww�otw�po ÆGdFf?S [M].

qm�kxysrsm� 2003.

[16] uxxo QR;HIg<= (ThU) [M]. qm�
tsrsm� 2006.

[17] Santos R A T, Alves F D P. QWIP Responsivity Pre-

diction Using the Transfer Matrix Method [C]. SPIE,

2010, 7660: 76603M.

[18] Santos R A T, Alves F D P, Taranti C G R, et

al. Quantum Well Infrared Photodetectors: Design

Using the Transfer Matrix Method [C]. SPIE, 2009,

7298: 72980B.

[19] Fathimulla A M, Hier H, Aina L, et al. InP-based

Multiwavelength QWIP Technology [C]. SPIE, 2004,

5406: 589–599.

[20] Tidrow M Z, Beck W A, Clark W W, et al. Device

Physics and Focal Plane Array Application of QWIP

and MCT [J]. Opto-Electronics Review, 1999, 7(4):

283–296.

[21] vywo QR;<=E (ThU) [M]. qm��p
zxrsm� 2007.

[22] oyy�oz�ni�popL 3 ∼ 5 µm ��0
pn�'x%�! [J]. QR;Ej, 2000, 21(12):

1220–1223.

[23] Choi K K. The Physics of Quantum Well Infrared

Photodectors [M]. Singapore: World Scientific Pub-

lishing Co Pte Ltd, 1997.

[24] {qzo JKWE [M]. qm�tsrsm� 2003.

[25] Spiegel M R OoÆzy�|{y�z{x�poo
klLEc=MfNO [M]. zu�zutsrv
rsm� 1978.

[26] Rogalski A. Infrared Photon Detectors [M]. Belling-

ham: SPIE Optical Engineering Press, 1995.

[27] Pool F S, Wilson D W, Maker P D, et al. Fabrication

and Performance of Diffractive Optics for Quantum

Well Infrared Photodetectors [C]. SPIE, 1998, 3379:

402–409.

[28] Choi K K, Chen C J, Goldberg A C, et al. Perfor-

mance of Corrugated Quantum Well Infrared Pho-

todetectors [C]. SPIE, 1998, 3379: 441–452.

[29] Choi K K, Monroy C, Swaminathan V, et al. Op-

timization of Corrugated-QWIPs for Large Format,

High-quantum-efficiency and Multicolor FPAs [C].

SPIE, 2006, 6206: 62060B.

[30] wm{�l||o GaAs/AlGaAs ��0pn�
'x%oM}M} [J]. W\A · VW, 1993, 4(4):

193–198.

[31] {x{�k|x�n}vo GaAs/GaAlAs ��0
~|pn�'x% �~�%�� [J]. QR;E
j, 1997, 18(8): 573–580.

[32] Nishino H, Masalkar P J, Sakachi Y, et al. Sensitivity

Enhancement of Quantum Well Infrared Photodetec-

tors with a Pseudorandom Optical Coupler by Con-

finement of Internal Multireflection [C]. SPIE, 1999,

3698: 574–583.

[33] Fu Y, Willander M, Lu W, et al. Optimizing

Electron-photon Coupling in Quantum Well Infrared

Photodetectors [C]. SPIE, 1999, 3629: 114–120.

[34] Goldberg A, Choi K K, Jhabvala M, et al. Large For-

mat and Multi-spectral QWIP Infrared Focal Plane

Arrays [C]. SPIE, 2003, 5074: 83–94.

[35] Ting D Z Y, Bandara S V, Gunapala S D, et al.

Wave Function Engineering for Normal Incidence In-

tersubband Infrared Detection [J]. Infrared Physics

& Technology, 2001, 42(3/5): 205–210.

[36] ~�|o PAQE [M]. }~}�}~}#prs
m� 2004.

[37] �m�}zo QR;PA?S<= [M]. qm�t
srsm� 2006.

[38] ~�� D S Oo�}o�v~poo qlPAQ
E [M]. qm��pzxrsm� 1985.

[39] Harrision P. Quantum Wells, Wires and Dots ——

Theoretical and Computational Physics of Semicon-

ductor Nanostructures (Second Edition) [M]. Lon-

don: John Wiley & Sons, Ltd, 2005.

[40] Kock A, Gornik E, Abstreiter G, et al. Double Wave-

length Selective GaAs/AlGaAs Infrared Detector [J].

Applied Physics Letters, 1992, 60(16): 2011–2013.

Infrared (monthly)/Vol.34, No.11, Nov 2013 http://journal.sitp.ac.cn/hw



( 34 )�( 11 * � � 25

[41] Kheng K, Ramsteiner M, Schneider H, et al. Two-

color GaAs/AlGaAs Quantum Well Infrared Detec-

tor with Voltage-tunable Spectral Sensitivity at 3 ∼
5 and 8 ∼ 12 µm [J]. Applied Physics Letters, 1992,

61(6): 666–668.

[42] Wang Y H, Li S S, Ho P. Photovoltaic and Photocon-

ductive Dual-mode Operation GaAs Quantum Well

Infrared Photodetector for Two-band Detection [J].

Applied Physics Letters, 1993, 62(1): 93–95.

[43] Wang Y H, Li S S, Ho P. Voltage-tunable Dual-

mode Operation in InAsAs/InGaAs Quantum Well

Infrared Photodetector for Narrow and Broadband

Detection at 10 µm [J]. Applied Physics Letters,

1993, 62(6): 621–623.

[44] Grave I, Shakouri A, Kuze N, et al. Voltage Con-

trolled Tunable GaAs/AlGaAs Multistack Quantum

Well Infrared Detector [J]. Applied Physics Letters,

1992, 60(19): 2362–2364.

[45] Liu H C. Recent Progress on GaAs Quantum Well In-

tersubband Infrared Photodetectors [J]. Optical En-

gineering, 1994, 33(5): 1461–1467.

[46] Singh A, Cardimona D A. Design Issues Relating to

Low-temperature Dark Current in Quantum Well In-

frared Photodetectors [C]. SPIE, 1997, 2999: 46–54.

[47] Cabanski W A, Breiter R, Mauk K H, et al. Broad-

band and Dual-color High-speed MCT MWIR Mod-

ules [C]. SPIE, 2002, 4721: 174–183.

[48] Pearton S J. Dry Etching Processes for Fabrication

of QWIPs and Other Detector Structures [C]. SPIE,

1997, 2999: 118–130.

[49] Hasnain G, Levine B F, Bethea C G, et al. Mea-

surement of Intersubband Absorption in Multiquan-

tum Well Structures with Monolithically Integrated

Photodetectors [J]. Journal of Applied Physics, 1990,

67(9): 4361.

[50] Runtz M, Perrier F, Ricard N, et al. QWIP Infrared

Detector Production Line Results [C]. SPIE, 2012,

8353: 835339.

[51] Manissadjian A, Gohier D Costard E, et al. Single

Color and Dual Band QWIP Production Results [C].

SPIE, 2006, 6206: 62060E.

RSr1 News

TsUVWX · tYZu[\]v^

wx_`ayzb{c|d

} www.spacedaily.com ef~� �VWX
·�YBC�7'���8&DZ�E�[Fg
Æ*�G�Hh7��\�iI�!�]$�

X · �YB�'���8&JK���!
�L�����,^	�_�8&JK�M,
#N��O.:P�Q.:P�RF`":P
��Æ:�jK���S�kTaJKbc

��ÆUgÆ�G�d= 8 V 14 WC���
/efYB�'���8&JKXg,#��
+ÆUY�Z
��

�G���h�[1����0i��	j
�\�Y��]1�lkmljn^�_`?
Z]U��

X · �YB�amnbcd�fYB�'�
��8&JK'-7o�D�G���#oe
fYB�'���8&JK,��ÆU�pe
�gÆ��Nfg/e7f'���8&JK
qp��h��

ÆUgÆ�G�� 7 Vqr)4is2r
ts]U��ufX ·�YBtVWu�jv7
��v�DZnw�	+���JK)4��
2012 =kl'���8&JK���"$cN
2r�X · �YB� 2013 = 1 Vw�C�7x
�m)y�no�G�xy7�pC3�E�)
y�zT"fzjq7 2 �V�

r 1 st{u|}vw{uxr

X ·�YB�"y��8&JK)4�#z
U{�|~��fYB���8&JKXg|
g4� 50 �tN:F� 800 ��Æ:}�~�
���FjRF�`"P�O.P��.PÆ
:�

� }~�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.34, No.11, Nov 2013


	H23111
	页面提取自－H23106
	H23111b

