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ABSTRACT

One of the failure mechanism of spaceborne electronics is a fatigue fracture on solder
joint under launch random vibration. Thus, a necessity of early diagnosis through the
fatigue life evaluation on solder joint arises to prevent such potential risk of failure. The
conventional life prediction methods cannot assure the accuracy of life estimation results if
the packaging type changes, and also requires much time and effort to construct the
analysis model of highly integrated PCB with various packaging types. In this study, we
performed life prediction of PCB based on a reliability and life prediction tool of sherlock
as a new approach for evaluating the structural reliability on solder joint, and those
prediction results were validated by fatigue tests. In addition, we also investigated an
influence of solder height on the fatigue life of solder joint. These results indicated that the
Sherlock is applicable tool for evaluating the structural reliability of spaceborne electronic.
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Fig. 2. Gerber Design File of PCB Specimen
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Fig. 3. Detailed Finite Element Model of PCB
Generated by Using Sherlock
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Table 1. Componenis Specifications

C'c\x;p. Configuration Properties
Package Type: BGA
Ut U4, Pin Count: 324
UB. UB Mount: SMT
09 ’ Size [mm]: 19x19x1.6
Weight [g): 1.4
Solder: Sn-Pb37
Package Type: TSSOP
Pin Count: 48
w2, U3, Mount: SMT
U7 US Size [mm]: 125%6.1x1.1
’ Weight [g]: 0.283
Lead: Copper
Solder: Sn-Pb37

Table 2. Random Vibration Specifications

Frequency [Hz] PSD [g%/Hz] Grms
20760 +3dB/oct
601,000 0.273 20
1,00072,000 -6dB/oct
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Table 3. Material Properties Applied to PCB Analysis Model

Material Elastic Modulus Shear Modulus Poisson Density

IMPa] IMPa] Ratio lka/m?]

PCB (FR-4) 31,893 13,866.5 0.15 2,477

BGA Package Component 15,168 6,320 0.2 1,900
TSSOP Component 11,700 4,500 0.3 2,940
Lead (Copper) 113,000 42,164.2 0.34 8,900

Solder (Sn-Pb37) 29,379 10,801.1 0.36 8,490
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Fig. 9. Inspection Results After Manufacturing
PCB ((a) X-ray Image of BGA Solder
Array (U5), (b) Optical Image of
Gull-wing Leads (U3))
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Table 4. Comparison Between Life Prediction and Test Results of Failed Components
Test
Component No. | Prediction [hr] 1% PCB Specimen 2 PCB Specimen
Fatigue Life [hr] Remarks Fatigue Life [hr] Remarks
Ut 4137 <767 Partially Cracked <16 Partially Cracked
u2 109.8 > 767 No Crack > 16 No Crack
U3 9B.02 > 767 No Crack > 16 No Crack
ua 56.91 <767 Partially Cracked <16 Partially Cracked
us 6.69 6.89 Full Crack 742 Full Crack
ue 864 <767 Partially Cracked 1204 Full Crack
u7 %.23 > 767 No Crack > 16 No Crack
us 80.03 > 767 No Crack > 16 No Crack
U] 704.4 <767 Partially Cracked <16 Partially Cracked
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Fig. 13. Life Prediction Results of U5
Component According to Various
Heights of Solder Joint

271%¢ & 4 ATk WekA Sherlock
> EOHTRE MET Aade] o) me
A A2 gpetell Qloja ol 7|E fkas
ol 71&3 FHdS /B vs) agHoR 5
o] 7sge & 4 Uk

o
]
oo
ok

m. &

T

B ATolAE 958 AAE] BANE DAl
o) Q% AT Besle] 71E Aol )%
e FEa uo AT e BRE A W
24 5ol =79 Sherlock o 83}]
g A2 AAE PCBlwe] U

5 92y d5e

AT o AR 7}



1058 e R A

=13
1

- ¥ it R 7 T 1 B

ot

WA mgeo] WS Aoz o Us 2xke] ¥
THo] oF 6.ATICE UEINITE 7] d&dd ¢
S 93l PCB AlHe AT FHAYE 2 odH

Y5 AANsERe, 2t Aol tiE Daisy-chain
2 A A 7 Ub &A1 gk Al
o ofZAge} Al 6.9%2] Zo|9hE H] Sherlock

AAE SEFR i FHAS oA FEF
& AEATE HEHoR a2 T D £6 Eolof
w2 T2 FPE B8 B3 Sherlocke] 8

AEY] T2 AEAE B oA f8st AE=
A= ASFEHE AF 7S YF3IATh

N ot

¢

‘é’

o 4 &

7|

o

B A7e viEESehy, = @A NEAd
o] AhoF 43 (No. 2016M1A3A1A02021176).

References

1) Kim, Y. K and Hwang D. S, “PBGA
Packaging Reliability Assessments under Random
Vibrations for Space Applications”, Microelectronics
Reliahility, Vol. 55 No. 1, 2015, pp. 172~179.

2) Lee, S. S, Park, T. W, Seo, J. H, Han S. W,
and Kim, S. H, “Structural Vibration Analysis of
Electronic Equipment for Satellite under Launch
Environment”, Key FEngineaing Matadals  Vols.
270-273, 2004, pp. 1440-1445.

3) Oh, H U, Jeon S. H, and Kwon, S. C,
“Structural Design and Analysis of 1U Standardized
STEP Cube Lab for On-Orbit Verification of
Fundamental ~Space Technologies”, International
Journal of Materials, Mechanics and Manufacturing
Vol. 2 No. 3, 2014, pp. 239-244.

4) Steinberg, D. S., Vilration Analysis for Electronic
Equipment, Wiley-Interscience Publication, New York,
2000

5 Yu, D, Al-Yafawi, A, Nguyen, T. T, Park S,

and Chung, S, “High Cycle Fatigue Life Prediction
for Pb-free BGA under Random Vibration Loading”,
Micreelectronics Reliability; Vol. 51, 2011, pp. 649-656

6) Mathew, S, Das, D., Osterman, M., and Pecht,
M, “Virtual Remaining Life Assessment of
Electronic Hardware Subjected to Shock and
Random Vibration Life Cycle Loads”, Journal of the
Institute of Enviramental Sciences and Technalogy; Vol.
50 No. 1, 2007, pp. 86-97

7) Cinar, Y., Jang, ], Jang, G, Kim, S., and
Jang, J., “Effect of Solder Pads on the Fatigue
Life of FBGA Memory Modules under Harmonic
Excitation by wusing A Global -local Modeling
Technique”, Microelectronics Reliability; Vol. 53,
2013, pp. 2043-2051

8) http://www.dfrsolutions.com/

9) G. Caswell, "17 Equations That Changed the
World-There’'s More Than  That!!!  Part-1",
http:/ /www.dfrsolutions.com/hubfs/17-Equations-t
hat-Changed-the-World-Part-1I. pdf?t=1493389984552

10) Joint IPC/JEDEC Standards(IPC/JEDEC-9704A):
Printed Circuit Assembly Strain Gage Test Guideline

11) IPC Standards(IPC-9701A),
Test Methods and Qualification Requirements
for Surface Mount Solder Attachments

12) IPC Standards(IPC-SM-785),
for Accelerated Reliability Testing of Surface
Mount Solder Attachments

13) Qi, H, Plaza, G.,, Ganesan, S., Osterman, M.,
and Pecht, M., “Reliability Assessment on Insertion
Mount Assembly under Vibration Conditions,”
Proceedings of 57" IEEE  Electronic Components and
Technolagy Conference 2007, pp. 407-414

14) Lau, ]J. H, Hoo, N, Horsley, R, Smetana, J.,
Shangguan, D., Dauksher, D. Love, Menis, I, and
Sullivan, B., “Reliability Testing and Data Analysis
of Lead-Free Solder Joints for High-density
Packages,” Sddaing & Surface Mot Tednadagy; Vol.
16 No. 2, 2004, pp. 46-68.

Performance

Guidelines





