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Analysis of Influence Factors of Fast Cool-down
of IRFPA Detectors

LI Jin-wu, LIU Jian-wei, LI Juan

(The Eleventh Reseach Institute of China Electronics Technology Group Corporation, Beijing 100015, China)

Abstract: With the wide application of infrared focal plane arrays (IRFPA), the requirements of detector

assemblies in volume and fast cool-down etc are becoming higher and higher. To solve this problem, the

influence factors on the fast cool-down of IRFPA detectors are analyzed on the basis of the design of

detector chip, Dewar structure and fast cool-down cooler. The conclusions which are helpful to the

improvement of fast cool-down of IRFPA detectors are drawn.

Key words: IRFPA detector; Dewar structure design; fast cool-down

0 OP
���
��	�
��	�
�	�	

�	��
�
�

������	�	�

��
��

������
���
��

	���
��������� (Readout Cir-

cuits, ROIC)������� (������
�

��) 
����������
������

 !����
��	�
���
���
�

"�	�#�$��
���%�������

�
����%��� � �$	����


��	�!�" � &	#��'($


����)�	���
�����"� %

*+,�!�	!�$���"�&�!�	-

 �.!'!()���
��
����"

��!�

1 QRS./TUVW
���"��"*�
��	�+!"

.�##�����	,$%�
���- 3

0123�2017–10–18

4567�X8Y (1979-) �Æ�9Z:[\�]^�;<_�`a=b>cd?e@?fAghB/
E-mail: jinwu lee@163.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.12, Dec 2017



14 � � 2017 i 12 j

∼ 6 s �$0&%'.��(1��2/)3	

*&40�
��+�,�15	�2-�&

'�

���
��	��
���
���
�

��"���� !��	�3�
����

�
����������467�568�

()*+��	�$�
��7+�����

��7+.��#	/98-:)�2/���

�##&9,0�1	40�
���-:9

,2/./����"���	�
���2

0�;	40�
�-:)1	�<,2/�

3 1 142567;8=3<4=

, 1	���
��
��	�+�	��

>�� !�()���"��?+!�!�

�
���
���
���"�����95

�2>@�()���"�&'���
'�

�6>A�2&�
���"�3�

(1) 7:#�(?�;<��;<��?�

��
����BC
���*+�95@:

$?&@�

(2)8A&9,9;95	7:*+�:;�

(3) 2&�;B;���D=�;B;+!

'�>95�A�8A	���2&�;B;

+!'�;�*+95
E<C�=2>�A�

.?�

(4)7�>?B�?�F��2D@�A2

D	1C�A@�E F�

�B%�3	G:G�
���
���


���-HI
BC
H;
)3�IA�AA

JC&	J�(D�
�-B�KEL�	��

���"�!��

2 QRS./TUVWCk
2.1 DMEFÆNGH

�
�����
����������

+�	C, 2 DE�

3 2 7;8OF<F43

-�
��	���#K3	CG���

;D�LH?	�"&%46@LHM��	;

D�?	P!���NO���-*Q���*

+����1	�	�
�����RIGC

S
�RBCCS�=�����95@J()

���"�	!�����"T�	-�B2/

3	95�
���&P!UV��6.�

(1) -@HT�IW1	&	K�C��R

BC�
IG���
���	LC 30 µm 


128×128 IP@ 15 µm 
 256× 256 IP���

(2) -@HT�IW1	&	K�
���

�95	#QJ:
XY�	*&����H�

�R
S,TMJ���*+�

(3) 95����&U!!NO7�BC	

P!Q:HR	�40�
�S�2/&2/

)3=15LVK()�

2.2 IJKNGH

()�
��"&%��!+!����

���B;��
���"�
��	���

�
���

TL&	*&P!40 J-T ��

�:WU?��;��	D�P!7�A@�

��*+95�2>���*+=2>3()�

��"��!+!����VL;WZ
��

;<��;B;�, 3	4WMXN���"�


��	���EV,	�
���	 30 µm


128×128 R�OY5�
��

Infrared (monthly)/Vol.38, No.12, Dec 2017 http://journal.sitp.ac.cn/hw



� 38 ��� 12 � � � 15

3 3 ZPQX7;8YR<S[3

2.2.1 LMNOPQR

()��VL;WZ��!+!�Z%


��
�?����!Q:VL;WZ	P!-

*+�6ED=[[	' \�Æ�E<
]\

=M3	��'[=]^\�IL	��9,3

�A�8A95KY��
�E<�?_LD`

\ 1 �E<�]a,��
�E<CT�	��

�IW�B^A�P��

S 1 TUVWXYZ[\]

��' �\ÆE<+!:XU
̂ U
̂

_U��\ 2 �]\	 25 µm 
M3	 5.5 mm

�\Æ�%;5V*G�'*G3
b�	W


XU��^U	%;�J?_7��W��^_

U	BGJNc�

S 2 ^_
`_aPYbcde

2.2.2 LMPf

!Q:��;<	P7:O`� 	�46

95��&+!NO��6>A�����>

95�=�ED
[3
HI��CS	]^E

D�CS
]^HI�95�=`]^�a�

95	d]�[3�CS	bcX` Y=�\

BC�e��7d95��: a\Z	7�[

\AX�b]^e]fEgS2]^	
:BQ

:;D��

2.2.3 ghiPjk

����^c�A?��>c��;�#

KLHfd���>c��H_IL8AKY

95	
�2`�;B;	g2>�$�a3H

&�, 4 	���>c��H_EV,�

3 4 YRhbh6ecS[3

2.3 lmnopqENGH

���"�������
��	�&'

 		/�\$Iij5!�	L��Kk�-

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.38, No.12, Dec 2017



16 � � 2017 i 12 j

�B%�3	���!-HI
BC
H;
)

3�A���	
����/ 	AAJC	

J�(D��-B�KEL����	����

f�!]agg@H�=��������H

;
��)3
*+BC��P�i7Th��

j��

2.3.1 rst]Yuv
, 5 	k^�i^-V*E �����

 ��i^>?L�k^�BGNC	deci

�)3Lck&� 10 K jk	g�
i^��

l — fÆl@JLk^?*O	1g-h*�

;l��3i^�;l�B;Lk^&	��	

P�����@H3@�&Ei^/	^;�

', 5 3"
�b�	i^�JC2/E 	

50 MPa jk�

3 5 mhmmi3nnjnoj<phkm

2.3.2 rsVPwiVYxb
J-T ���46��;�
�o
>?o�

���;l��7�d[XNlqo	lqo

�Æ45mpn�a�	H�;l�o	oYZ

;	2&�;B;�;l�o�4p)&E��

2D	q4p�)>?o���;l���L�

cr$&'	])j5!^�>?p�)3�>

?p�)3 :	����Q)�3s ��

_r�;l���".�B;& (C:E^��

t�)3�
&E^��t�)3) 	s?"t

 	uBs;WZ�

]auqZ;7_v	:�

τ ∝ T − TCD

[(ρα
μ )0.8K(ΔT )h]t=0

= f(ρ, T, coolant) (1)

q3	 ρ 	wD->?x Y&�03� α 	

r�� K 	Z;@J� μ 	" v3@J� T

	��2D)3� (ΔT )h 	�w>?B��

'q (1) 
�b�	-,)1	�	()�

"&%�+!�!� ρ � K �rY� ρ F�2

D?��E h&�CGX?��?�	deJ

2&�"&%	g�2D?�S?y?Q�t

 Jr?	x�si�J%����2isY	

������)3`&	��B;�Q���-

�C�O?�2D?�	P!]a�Bsi##

ty�z5	:&P!NOD�^u�<�?

�� K F�Z;@J	()�?����;�

�*+tJ	���;��uJ
a�oa��

mp
[3
E<
S22>
lqo�[[


E<
;v_2>
lqo�a���w2>


�wAq��

2.3.3 rsVtyz{Yuv

<,si�	?���E �`&iX?	

*&����Q)�3"��E �`&iS

��g�E r* &	>?y�)3.s 

&�-g>Q)#K3	pvQ)�3$�	�

y�$4>x{. y	eyQ)�3r|�]a

Q)2D�E �V*	x{.y�Yz"V4

Q�Q)2D�?� �	�$x{.y�)3

s &�H���{.p	Q)�3��H�{

.y	Q)�3w	{�+!�?� ?	-:

|>?x}yz'�E s &	>?y�c

Y.)3s &���P!-�!'{.H�

pyQ)#K3�)3rYsi	]a�B��

�"�P��j5�7�]{*���P�u

zq����

uz���!	}�Hr*
{|o*�

~~AX*���}�Hr*uz���	|

�{}7��A}	
p�'~:�H����

L�{|o*�~~AX*uz������

'H	����� ~|}~ 20 ��

Infrared (monthly)/Vol.38, No.12, Dec 2017 http://journal.sitp.ac.cn/hw


