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Study of Response Characteristics of Infrared Focal Plane
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Abstract: To interfere with an infrared focal plane array (IRFPA) detector effectively, it is necessary

to analyze the response of the device under the irradiation of different wavelength lasers. Four lasers

with different wavelengths are used in an irradiation experiment. The experimental result shows that the

detection elements in the device can reach their saturation states easily and the device’s response is in

agreement with its spectral response curve. This has verified the relationship between the interference

effect and the spectral response curve and provided the experimental basis for the middle infrared laser

interference. Finally, the response mechanism of the infrared focal plane device to the laser irradiation

in a given waveband is analyzed in brief.
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10 F T 2014 N 1 Z�0qoG�K�{9.R�N.h�1EC\x# [1,2] ���9P�N'rex#E&WC��
InSb � PbS � HgCdTe G�v< HgCdTe &W
RMH�l;Uo�fÆ��U�fÆq>NZDCVy_EÆ���NA(x0��wA(x#��wh(�
Xv".l
��v��A(lS�9Z"..pwM℄GW\/*qP�
8}8�wX HgCdTe �N'reA(xEl
�d?��j|�zkNAYz*�D&Veu`eE}8�A+m}8qPC��<!�N?�x#E�wh(lÆ��X�N'rex#E}8eX)� [3−5] �
8��UE|�wl
�N'rex#E���D3eÆEh���R6�E|dZx#EfÆBt�A=N�El
�w�+�R<�N�wl
Cs���<�N�Xx#EfÆ�R0s2$E-&�
1 v���W\

M 1 ��^HF"�M��℄GdRw���N'rex#T%d�ÆL 1 >!�'��+I	O+E�wximj�E�Nh��}w℄GRH?q.3�3Mw�E57R 5 mm �.3E�w�+R 3.5

µm � 3.8 µm � 4.15 µm � 4.3 µm �w℄<r`����(w}�d46EJ�w�℄�w4�R 1:9 ���+O+M#O+.3�+���6!pK9w}�6!�Ew
3O4�0��N'rex#��w3wMQA(xE>QR 1

m �y#��8PE HgCdTe <��N7nx-XPR���N'rex#�x#.3EMrq�3Lh'�C�0��:�����^LhE���x#E�d��R 2 ms �q`R 50

Hz �h�5R 320×240�h�1:R 30 µm �A(xfÆE�+^QR 3.4 µm∼5.0 µm �wz6IE F 5R 2 �6IE'>R 40 mm �
2 v�[D*9

2.1 {~S

2.1.1 ���
��!'T_0s��wxE3wMQA(xE>QR 1 m ��wxE.3�+R 3.5

µm �N<.3lUR 4 mW �36!pM6!�7.<���C;A(x6I|E�wr`R 1.54×10−3 mW �6IX 3.5 µm �wEJ|`R 0.86�
8�C;A(x'reE�wr`R
1.32×10−3 mW �

(a) m�Mi

(b) 170 Yi�F�T7M 2 m�Mi�w=pYi�F/4Ns7e#�N'rex#El
LhÆL 2(a) >!�9L<I	F3�x#EfÆ
*ha�vh(<oh�EfÆMr6;C 1.52×104 �*1x#.3MrE��6 (214) ��h!8r`
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B 35 L	B 1 P F T 11�wEP�_�x#E<oh��;Ch���F� (x#.3ELhR 14 SE RGB Lh�.3EMr6R [0,214] ^QkE.5) �;'�Ew�57�' 12 ph��x#dph�E1:R 30 µm �
8�w�57R
12×30=360 µm �x#'re�Ew�e�R

S = π × (1.8 × 10−2)2 = 1 × 10−3cm2w�<o>!X (J 170 X) E>�h�EfÆMr6ÆL 2(b)>!�9L<IF3�LhE�4fÆMr6<�! 6500 O��!�wh(���fÆMr6{9���MrENo6;C��6�8�x#;Ch���F��x#Eh���R6R ('re6)

P ′ =
P

S
=

1.3 × 10−3

1 × 10−3
= 1.32(mW/cm2)

2.1.1 �
���x#E��5<I3���<>��E
HgCdTe &WE?ph���$QEMH
UR N=4×107 p� 3.5 µm �wE�XUHl`
η=25%��8I3�x#?ph���>vEwH5 M=N/η=8×107/0.25=3.2×108 p�?pwHElU Ep=hν=6.63×10−34

×3×108

/(3.5×10−6)=5.7×10−20J�?ph���>vElU E′=M×Ep=3.2×108
×5.7×10−20=1.82×10−11J �

'T��h�X	5�4EfÆMr6R
6800 �h���fÆEMr6R 214 �
8�Æv�?ph�;C�� �>v�wlUER
6 Et= E′

×(214-6800)/214=1.06×10−11 J ����,{I3���Cx#'re6E�wr`R 1.32×10−3 mW �x#E�d��R 2

ms�!x#E�d��k�x#**CE�wlU Ei=P×t=1.32×10−3
×2×10−3=2.64×10−6 mJ �w�! x#' re�> 'Eh� 5�R 134 p�>	?ph�>-E�wlU

Ef=Ei/134=2.64×10−9 /134=1.97×10−11J�!8lU�wEh(_�h�;C���ÆL 2 >!�n5��Y)��:Y)E�f�X���6 1.97×10−11 J �R
�:6 1.06×10−11 J �+Tp6�)*1��8I3�8x#Eh���R6R 1.32 mW/cm2 �
2.2 oh\Wtp[WtVXZe`y}
2.1.1 ��
���	���� O+ 3.5 µm �wE��r`��0s�wl
���!Fr`_��N'rex#E.3LhÆL 3 >! (Rn5�4q�El
�L 3<>�Mr6Rx#EfÆMr6!��4fÆMr6) �

M 3 �O(sfF/4Mi
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M 4 �O(sfy$F/4Ns79L 3 <I	F3�;G���w}SE%<�x#EfÆB$%}�fÆMr6!W%��fÆ���!WO<�E|dZ��5<�D3�w}S�x#fÆ4�Eu℄ÆL 4 >!�

M 5 ~xi)���O(sfF/4Ns79L 4<I	F3�;G�wr`E%}�fÆEh�5;4%Y�h�.3EMr6!W%<�RV}8x#X�wELfÆ/S�y���wh(E���%>�h�.3EMr6e��>DMr6EL��R�N'rex#X���wEfÆ/S�ÆL 5<w
�>!�v<�R,�℄�x#X�wEfÆ�>�h�A!l;C��F��
2.1.1 ��
�������� 

�(�3}8`\��
�wE.3�+��vd�.3 3.5 µm � 3.8 µm � 4.15 µm � 4.3

µm E�w�	�}8�N'rex#X+8>�+�wEfÆ/S���|,`}8V 3.2 µm∼4.7 µm�Vk<zEJ|`�B7.>QR 1 m ���wEJ|`tÆL 6 >!�

M 6 3.2 µm∼4.7 µm ={FK}a9L 6 <I	F3�7.>QR 1 m ��<zX 3.5 µm � 3.8 µm � 4.15 µm +�>�+E�wÆ�![*�vJ|`o; 99.5%�ZX 4.3

µm E�w��� CO2 EC��N[*�! 4.3

µm j1�
8J|`)H�<�R 60% �A(x6IX8>!F�+�wEJ|`"� 1 �
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��������Æ� , (µm) 3.5 3.8 4.15 4.3K}a 0.86 0.88 0.87 0.79G_�wE<z6!	�6IEJ|`�O+�wxE.3r`�6!pME6!`����Cx#'re�E!F�+E�wlU�0�8�B�wr`R 5×10−4 mW� 7. 5×10−4 mW��x#LEfÆ6��+Eu℄ÆL 7 >!�

M 7 �O(sfg�7�~x ,Fv^9L 7 I	F3�!eFE�wr`_��N'rex#X!F�+�wEfÆ/S%!��E�!�+R 3.5 µm E�wP�_��N'reEfÆ6)H�;G�w�+E�+�x#fÆEMr6�<�! 4.15 µm �+�;CPg�;�fÆ6�>_&�K��8>�+�wh(_EfÆ6 (Digital Level,DL)E<k7xR
DL4.15µm > DL4.3µm > DL3.8µm > DL3.5µm �wMA(xEwMD
Bt�fÆS�!�wtfÆS%wMA(xX!F���+Ewh�EfÆlS�� Rν(λ) �!!�+R λE?Sr`�wh(_wMA(x.3Eq�M|�M|wtfÆS Rν(λ) R [6,7]

Rν(λ) =
V (λ)

P (λ) <� P (λ) %�+R λ �E��wr`�%A(xXwh(EfÆM|6�9 (1) IF3�
Rν(λ) 6 <�A(xX8�+Ew: gn�wMD
l`�: o�x#.3EMr6�

 o�
8� Rν (λ) 6E<k5*?QGx#X!F�+�wEfÆ/S�npE9P&W!F�A(xEwtfÆ�
�!eF�HgCdTe <��N'reA(xEwtfÆ�
ÆL 8 >! [8] �

M 8 �O(sfFxug��d9L 8 I	F3�x#EfÆ}S���>'�E8>�w�+Eu℄R DL4.15µm >

DL4.3µm > DL3.8µm > DL3.5µm �8R
dZ,{���,{Æ���0�8�����Y)	�A(xfEbwpE�f���,{�R
dZ,{��QEo)�+%!/�EqP<0�$u/��,{�h� R(λ) 6 <�x#EfÆl{: ~�℄4�fÆ$))�8,{)~I�1V�w�+�x#wtfÆ�
4�Eu℄�lR��q/Æ�Cs�12-�
3 [e�UD&V!F�+�wX�N'rex#h(E���DCV�N'rex#h���>vE�w}S�
DV!F�+�wXx#El
,{��QV�wl
�N'rex#>vEN��w�+�dZ[b�!!F�+�wEh(_�x#fÆ�wtfÆ�
Æ�V��9Z�1V�w�+�x#wtfÆ�
4�Eu℄�R��q/Æ�CsV�12-���<�����Y)	�x#fEbwpE�f���,{�R
�
!P�?��!/�E��<%0�$k��

(
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