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2004 c Jiang uL
9ÀÂeü��Î«É�
9�� £úª [6]

∆y = L(α1 − α2)∆T, (1)
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&ÿì¥�
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)ä�� £�'uÅ:å¡
¥%¶�ålÚ
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&ÿì
5`, 1¯�ê8O\, Å:ê8��O\, du1
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ì��9��=�¤kÅ:9���U\. �

��Ó���J, ��æ^O\��á�9)äX
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���¡
ïáå�¡

&ÿì(�k��©Û�., ¦�3þãü«�¹
e, ��ì��9���±ØC. �âþã��,�
ïÄ 128×128 InSb &ÿì39ÀÂe�Aå�9
©Ù, ùp<�N���á�m9����ª, |
^ 32×32�¡
�� 128×128 �¡
?1(�A
å©Û, ù«ï���kÏu)û�¡
&ÿì(
�©Û¥ü�êLõ�5�O�JK.

ã 1 �²¡ì�n�(�k���.
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 & ÿ ì { z ¤ ä k I z ��¡ ! � Î Ú
.¿��m©Ù!N >497ÖÑ>´�n�
(�, Ù;.º��: Iz��¡ (10 µm)!�
Î (20 µm)!.¿� (20 µm)!N >4 (4 µm) 9
7ÖÑ>´ (300 µm), (�ÙÛXã 1 ¤«. ùp
ï�^�æ^û^ ANSYS (�k��©Û^�,
Ù¥�Îæ^ VISCO107 ü� (3� 8 !:Å�5
¢Nü�), Ù{Ü©À^ SOLID95 ü� (3 � 20
!:��5¢Nü�), �u�N�.�é¡5,À
� l/8 (�?1ï�, ÏLé¡�>.^�¢y
�
��Aå©Û. ��y©�, æ^gd��y
©�{, ¿éÛÜ?1\�?n, n��.�ã 1
¤«.

2.2 ááá���ëëëêêêÀÀÀ���

á���)äXê�§Ý¥yÑr���6
5, Ï~�§Ýü$
~�, �O(�N9ÀÂ
e InSb ¡
&ÿìØÓá�¥\È�9Aå, 3
�©¥, &ÿì(��.¤^á���)äXêþ
æ^§Ý�'�., Ù¥7ÖÑ>´Ú N >4á�
À���Ó5��5á�, InSb�¡�À���É
5��5á�, �Î�Å�5á�, Ù
¼�þ�
§Ýü$
O\, .¿�á�3Àæz=C«�À
�Å�5á�, �z�¥yÑ²w���5, äN
ê�Xã 2, ã 3 ÚL 1 ¤« [7−10].
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ã 2 InSb Ú Si ROIC �)äXê�§Ý�Cz­�

InSb ¬�´;.�ð ¶(�, Ùá�¬X�
(�A:¦Ù3,
���5�þ�, O���
�5�þ�. 3 300 K§Ýe, ØÓ����5~
ê©O� C11 = 667000 MPa, C22 = 365000M Pa,
C44 = 302000 MPa, Ù
¼�þ!}��þÚÑt
'�ÏLeªO���
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E =
(C11 − C12) (C11 + 2C12)

(C11 + C12)
, (2)

G = C44, (3)

ν =
C12

C11 + C12
. (4)

¦+^ù«�{���ó§þ~^�
¼�þ
3 X , Y , Z ��þ´�Ó�, �3�½��Û�I
e, ùp�½ X , Y , Z ©O÷X [100], [010] Ú [001]
��, 3 InSb�¡�¡S (X-Y ²¡), Ù
¼�þ
3÷ 45◦ ������, 3 X Ú Y ¶��, 3¡	
�� (Z ��), Ù
¼�þ3 X Ú Y ¶���¡
S��, ��ÝÃ'. I��Ñ�´¡	���

¼�þ'¡S÷ X-Y ²¡ 45◦ ���
¼�þ�
�õ. ÄuþãnØ, �Ä� InSb�¡3\óL§
¥ÉcL¡(�"�!�¡~�ó²�ú�K�,
ýÏÙ¡	 (Z ��) 
¼�þA��u¡S (X-Y
²¡) �
¼�þ [11]. Ïd3 InSb á��ëêÀ
�¥, @�ÙåÆ5Uëê¥yÑ����É5,
=3 X Ú Y ����, 3 Z ��' X Ú Y ��
���êþ?.

L 1 ��5á�ëê

á�¶¡ 
¼�þ E/GPa Åt' µ §Ý T/K

Si ÖÑ>´ 163 0.28 77—300

InSb�¡ 409 0.35 77—300

In Î
20.54 0.4326 76

16.24 0.4408 187

12.70 0.4498 300

.¿� 0.0002/α 0.30 77—300

N >4 79 0.44 77—300

L 1 ¥ α �.¿���)äXê, 3 77—

300 K �§Ý��S, �^eª�Ñ:

α = 22.46 × 10−6 + 5.04 × 10−8 × (T − 273), (5)

T �ü � K.

� � � � � � � � � � � � ���� �� �� �
� � 	
��
�� �� � ��

ã 3 �Î!.¿�Ú N >4�)äXê�§Ý�Cz
­�

2.3 111ÖÖÖ���\\\

1Ö�\�)�å1Ö±9-y1Ö��
\. �å1Ö: é¡¡?�\é¡�å, é¡¶�
�eà�\" £�å. §Ý-y1Ö�Ð©:
� 370 K, =�CÅ��§Ý, éAu"AåG�,
(å§Ý� 77 K, {� 10 s, ¦)L§æ^]�©
Û��{, 1ÖÚæ^�·\1�ª.

3 �[(J©Û9?Ø

3.1 ������ÚÚÚOOO(((JJJ

,�1g)�¥�;.��«¿ãXã 4 ¤
«, ��ÚO©Û(ØXe.
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ã 4 9ÀÂe InSb ¡
&ÿì�;.��«¿ã
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ã 4(a) ¤«��«A��: �«å
u N >
4«�, ©Ùu�¡o�, ��p²1; ��VÇ
� 70%.

ã 4(b) ¤«��«A��: �«r�²1u&
ÿìo>, ��p²1; ��VÇ� 20%.

ã 4(c) ¤«��«A��: �«å
u N >4
«�, u�¡¥m �, �²1uo>; ��VÇ
� 10%.
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¡
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e 128×128 InSb �²¡&ÿì¥�;.�«å
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:¿���, UÚåõ^�
«Ó�Ñy, ù
(Ø3ã 5 ¤«��[(J¥�
�y¢. d	, �âç��« d �¦Þ¤3 �, ±
9���« b Ú���« c �mDÂ��ª� 
�þ u�¡S, Ø3�¡>�, ��«îB��
�¡, �íäÑ9ÀÂe InSb �¡���pÏ

u�¡L¡, áu;.�R�ä��ª. ���

�L¡"�, Ø´ì�©�L§¥Ú\�>�"�.
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�, 
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�ÑkÑ\.

4 ( Ø

9ÀÂe InSb �²¡&ÿì�´��A5�
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ïÄ��å
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ïáå
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«�9�«©Ùü�¡��
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Abstract

Higher fracture probability appearing in InSb infrared focal plane array (IRFPA) subjected to thermal shock test, restricts its final

yield. In order to understand the fracture mechanism, in light of the proposed equivalent method, where a 32×32 array is employed to

replace the real 128×128 array, to a three - dimensional structural model of IRFPA is developed by taking into account the temperature

dependence of thermal expansion coefficient, anisotropic mechanical strength of InSb chip, damaging effects of the surface of the InSb

chip, and a reduction of 90% the out-of-plane elastic modulus. Simulation results show that a maximum Von Mises stress appears in

the N electrode zone in InSb chip, and the extremum values present a non-continuous distribution. This means that the cracks is most

likely to emerge in the region of N electrode, besides, the number of crack tracks is more than one. These are well consistent with

the 128×128 InSb IRFPA fracture statistics results under thermal shock test. All these are beneficial to the further study of fracture

inducing factors and structural reliability design of InSb IRFPA.
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