Fa2% H2H BT Vol. 42 No.2
2024 F4 8 Light Industry Machinery Apr. 2024

(GRS - &it] DOI: 10. 3969/j. issn. 1005-2895.2024. 02. 006
INGE N7 7 %2 0 T Bk B 51 2 3E 1R Bk
FESHTE =R
B, KREH, BRAE, TEXK, 8%

(PEEFAHBEERNG S LN, L £4 214035)

W B S5 HHRER S I B E AR A HRAMEF] 3K (ball grid array, BGA) , 2 % %5 & Sn-Pb R s £ 435 5
IRIB BRI GH A T TR AR RIE, ABRBE TS AR RP A, £ 48 A Ry At F BGA &3k
WA B ARIBSRAAR R ) TR AR R L E , F KA B 69 Coffin-Manson 22 8077 223+ 5 88 4F 2 1B AL SR X3 T
B 5 Fs peSh, — RN EH AT A AR BRI 4T 2 A 23R VAR R B R R A RS IR IR B IR Bk ) ik
A&, Bl iR 8 3244 & F B 4447 (scanning electron microscopy , SEM ) F= #t 4% 574U ( energy dispersive spectroscopy , EDS) % 1%
R @EAT M, FREAN B REBEBAR AR TEARKGE S HF G, ERS ERRF L5 EBMENTRT,E
L IRBL L A 6% o0 AT 55 07 SR KX AL A 0 A, R O 5R T IR IR I Ay F e

X iF A4S 314 ;Sn-Pb 23K ; Coffin-Manson 23675 42 # k% 54 A ¥ AT

fE 45 ZES . TN4; THI31.2 SRR ERAD A N ERHS:1005-2895 (2024 ) 02-0037-08

Simulation and Mechanical Properties of Ball Grid Array
Solder Balls under Environmental Stress
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Abstract; Ball grid array (BGA) was recognized as the main packaging of high-density and high-performance integrated
circuits (1C). However, the reliability of tin-lead solder balls could not be further guaranteed under the influence of
extreme thermal, corrosion and humid environments. In order to consider the thermal expansion problem caused by
temperature changes, the transient viscoplastic strain range of solder balls in BGA circuits under thermal cycling load
condition was calculated. Meanwhile, Coffin-Manson empirical equation was used to figure out the cycle number of
thermal fatigue through finite element simulation. Besides, quasi-static shear and tensile test had been carried out to
analyze the mechanical properties of solder balls after thermal cycling, salt atmosphere and pressure cooker test (PCT)
respectively. The cross-section of solder balls were also analyzed by means of scanning electron microscopy (SEM) and
energy dispersive spectroscopy ( EDS). This research indicates this type of IC has more cycle times than that in
appraisement. Furthermore, appropriate accelerated stress test and environmental test condition promote the formation of
intermetallic compounds, which enhancing the shear mechanical properties of solder balls effectively.
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Figure 1  Surface morphology of solder balls of

BGA circuit before experiment
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Figure 2 3D model and mesh of BGA circuit
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Table 1  Parameters of viscoplastic Anand
model of solder balls
Q/(kJ +mol)  Ax107/s7! £ m a
90.039 1.49 11 0.303 1.34
§/MPa 50/ MPa ho/kPa 0
80.42 56.33 2.64 0.023

LS B A TR L 58 B ) 74
TP e JUGT 5 B AR B LA
R B R 1 5 5 SR SRR 0 A P IR,
o (RAEFF ST RS 114 ) 2 RSB, 5 8 BOA
ORI BRI BRI A2 . LIS 5 A
FPRR A 2 B

(2 BAEAZREKRDFHOMA BT
Table 2 Material properties of thermal field and solid mechanics field
Pk A % fH R/ SELEY v W x 103/ )
aps YA/ GPa HEL/N=4
10 3 /K ! (J-kg™' - K™ (W-m™'-K) (kg +m™)
MR 1.80 1 369 0.3 1.90 22.0 0.15
PR 1.65 384 401.0 8.96 120.0 0.34
Sn63Ph37 50.00 150 57.8 8.40 30.6 0.37
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Figure 3  Change trend of equivalent viscoplastic
strain with temperature within temperature

range of temperature cycling test
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Figure 4  Strain distribution of limiting temperature

under temperature cycling test condition
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Figure 6 Test instrument for shear and

tensile of solder balls
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Figure 5  Surface morphology of solder

balls after reliability test
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Figure 9  Section morphology of solder balls after shear test
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Figure 10 Section morphology of

solder balls before shear test
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Elements analysis of solder

balls after temperature cycling test
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