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Fig. 1. Specific fabricating processes of InSb IRFPAs.

InSb AR K A iR 3 2 Il — e XU Y
REFRL BRI, 45 J)ALRE | BRALEE AR & B A
PRI AFAE XA I 22 PR A BRI, 2
il InSb df & AARBL I B, InSb A= K 5
PEEE I B OA: 1) kPRI, B AR KT,
i b T AL B A 22 AR T, PRBEE A E KEA
R AT, EE ARSI AN S 1R 1 2) B
THER, AR R P TR ORI L, i
R LR L2 A R BN g, G 0 i AR
FI B 1) et A 5 JRE I, R0 ol A AR 11 B RS 5 LA
B 3) ZRRINER, MIATERL Rl AR, 2R AAT
TEL 2 PEREAE S A A A AR RN, xRt 2™
AL, Rk S R SR A TR T InSb &
PR, AN (IR AR AT, SRS S 2k ik
B2 BRI (110) P AR RERE AT RS, TR
Hg IR REUIRT A ST, BB AR R A

3 MRS &HA

ML 8 & $ R (virtual crack closure
technique, VCCT) i Rybicki Fll Kanninen!'?
T 1977 AFE4E ) BB A XDRG ff b 53 I S ASE AL ()
REEBEOR. MXT T9 A RociE | & w1k foc
2 NR IR AL S W 2R 3 B )7 %, VCCT B
R RE T THRLTRT B NS T PR SR v Y A e
L. VCOT J2dk Tk be— ik, Bl IF—4
T P 1Y BE 5 P G () — 2 T T s 1Y) A A I+
VT AR RE FUA 2 S0 0 5 T ) s TT52 A% S B
LY J ThT ) 5K TR AT AR S, ik #UEE
P JR I AT EOR AT AR N ) BN AR RORS B R, TS LAA
RIS A MBI 5 R W 840 53 2 [l i B4 A
LA R UL 2B A1 5 SR B AN 2 .

028502-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 2 (2022) 028502

2 LIRS A BOR B
Fig. 2. Principle of virtual crack closure technique for linear

crack.

B E EREAREN o, HE—BGERBUR
St &) PR PO D ARASAE R BUNMIF IR Aa EA &%
Az 25 ARG Trwinl®) B2 A 07 AR RE RS R 1Y
&, SMEREH GBI AR N

G =

Aa
Alégo Aa /o oy(Aa —r,0)Au(r,m )dr, (1)

4 ARA 7T R RS s B

InSb IRFPAs il & i 3 ZEM EHEZ M, K
FHABRB A B 1T A9 InSb YCBOTE 56 T i
Ak ROIC id i SRAE RS A T 3%, BEJE AR TS
JE AT 51 R 25 A0 T Stk AR SCR AT BRIT
Bt ANSYS S 45 EEE, 183 InSb IRFP As
SERIRRTRE, SEICRE AN GEINAR Y 1/2 544, #Ear
) InSb IRFPAs —ZEZ5 AL N ] 3 fr . e
7 AR TR 04010 v InSh o | Underfill, #fA: Fi A
ROIC FJEERES3 5112 10, 10, 10 1 300 pwm, 4RAE %
R 30 pm, FUCEEA 50 pm, AR RSB 1.
W4 5K/ NA 30 um x5 um, fiF InSb IRFPAs
BOSIT I Sy TR TR 2 E AR A R R AR

# 1 InSb IRFPAs BAIKFHSCH RS EL
Table 1. Material parameters of InSb IRFPAs
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Fig. 3. Two-dimensional finite element model for InSb IRFPAs.
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Fig. 4. Distributions of the in-plane normal stress in bot-

tom surface of InSb chip with splashed gold bump or not.
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Fig. 5. Evolution process of energy release rate in InSb chip

under different crack propagation lengths.
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Abstract

Local cleavage of indium antimonide (InSb) chip always occurs in the manufacture of the InSb infrared
focal plane detectors (IRFPAs), and this specific fracture phenomenon restricts the improvement of the yield of
the InSb IRFPAs. After analysis, we think that the cleavage of InSb chip in the edge region of the InSb
IRFPAs is related to the splashed gold bump existing in this region, and this failure phenomenon dominates in
the low-cyclic liquid nitrogen shocking tests. In order to clarify the influence of the splashed gold bump on the
cleavage of the InSb chip, we establish a structural model of the InSb IRFPAs containing the splashed gold
bump, and analyze the influence of the splashed gold bump on the thermal stress distribution in the InSb chip.
Besides, we preset the initial cracks with different lengths at the stress concentration sites to describe the
dislocations in InSb wafers. Using the energy release rate as criterion, we obtain the relationship between the
cleavage of the InSb chip and the dislocation line length in the presence of splashed gold bump. The main
conclusions are drawn as follows. 1) The influence of the splashed gold bump on the cleavage of the InSb chip is
localized, and two stress concentration sites are formed in the outermost part of the contact region between the
splashed gold bump and the InSb chip. 2) The energy release rate surrounding the preset crack increases
promptly with the preset crack length increasing. 3) Cleavage of the InSb chip caused by the splashed gold
bump belongs to the type I fracture failure mode. In the cyclic liquid nitrogen shocking tests, the dislocation
line gradually punches through the InSb chip under the driving of the concentrating stress, and forms the macro

cleavage of the InSb chip.

Keywords: InSb infrared focal plane detectors, splashed gold bump, thermal stress distribution, energy

release rate
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