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PCB Lifecycle Simulation Study in Satellite Operation Environment
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Abstract

On-board processing is a core technology for intelligent digital satellites. This study analyzes the early failures that may occur in
actual operation situations in the future by applying launch and satellite-operation scenarios to a digital circuit card, which is a printed
circuit board, and responding to early failures that may occur after launch at the design stage. ANSI/VITA 51.2 is the standard for
failure physics, whereas VITA 51.3 is the standard for ESSs. The lifetime of the circuit card is analyzed during the operation of a
military satellite. The ESS is one of the most important final selections that requires a multifaceted review, including the final-product
design, components, manufacturing and assembly processes, as well as electromagnetic compatibility analysis. This study suggests that
the ESS will be utilized in future studies as it can extend the expected lifetime of a satellite via analysis and by implementing counter-
measures for failures using the simulation tool recommended in VITA 51.3 using a virtual design prototype.
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Table 1. Model properties and analysis conditions.

Item Value Unit
Material I-TeraMT40
Dielectric constant 345
Dissipation factor 0.0031
PCB thickness (mm) 1.892 / 2.0£10 % mm
CTE z 55 ppm/C
CTE xy 12 pp/C
Solder thickness 0.0635 mm
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Fig. 2. OBP PCB A=TOP, B=BOTTOM, C=Simulation.
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H 2. SAC305 Bde A& Aedeld A%
Table. 2. Simulation results using SAC305 solder.

RefDes | Side Package Solder TTF (year)
Y1 TOP LCCC SAC305 8.55
Y2 TOP LCCC SAC305 8.55

U38 TOP FPBGA
U21 TOP FFVC

63SN37PB 10.38
63SN37PB 12.02

Cl173 TOP 1210 SAC305 20.10
C190 TOP 1210 SAC305 20.10
C225 TOP 1210 SAC305 20.10

-40°C/30min. < +125°C/30min.
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Fig. 3. Thermal cycle graph of SAC305 and M794".

AT
9 32 SAC3059F YA H7HEo| HrE M794 A&
o] ZQIE 71w} 3,000 Atol F71A] 9] A e Zol i,
SAC305 Tl UANI) A7HE Yo ZRIE F:
(joint strength)E 7HAT 4 9lom FOE I (joint

strength) 9} =8 5= 7](lifecycle) AFe]<] A= Thokst
of oJa AF AR, Y= o] dH R ¢
WE1E 7HE AT 2ol AHEE AR Y
21 &

o] 7+ = (joint strength)e} 7o AH A o
=]

230

olet v #d 27 A4S dAse AEHIAS A
3tk SAC3057F A& H A 73 8.5l 71d
FrolgtH 27 TN A(ESS)E 913 AlEH o] Aol A
e ARE UAo] g5 M7942] H&7ko 2 oF oujol
1741302k 71 $HE 94T 4 e 9vl de 2
HE S F AT FF B2 I FAAAE 949
TS 527] A% 27 AAE He A A 4
£& A5 €848 AS Aget

References

[1] W. S. Moon, S. M. Hong, J. H. Kim, and S. B. Lim, "Miilitary
satellite on-board processing(OBP) technology," Information &
communications magazine, vol. 32, no. 10, pp. 1823, Sep.
2015.

[2] K. J. Kim, H. S. Ko, "The optimization using PCB EM in-
terpretation of GEO satellite's L band converter," The
Journal of the Korea Institute of Electronic Communication
Sciences, vol. 8, no. 8, pp. 1219-1226, Aug. 2013.

[3] S. S. Yong, C. W. Seo, "Low-orbit satellite payload tech-
nology and domestic development," The Journal of Korea
Institute of Electronics Engineers, vol. 37 no. 12, no. 319,
pp. 58-71, Dec. 2010.

[4] J. A Kim, J. D. Choi, "The technical trends of spacecraft fault
management system development," Jowrnal of Aerospace
Industry Technology Trends, vol. 10, no. 2, pp. 74-82, 2012.

[5] vita.com, Approved ANSI Standard ANSI/VITA 51.0-2012
(R2018): Reliability prediction.

[6] vita.com, Approved ANSI Standard ANSI/VITA 51.2 -
2016 Physics of Failure Reliability Predictions.

[7] Performance Test Methods and Qualification Require-
ments for Surface Mount Solder Attachments, IPC-
97014, Jan. 2002.

[8] SMIC LEAD Free Solder Catalogue, SMICcat2020
ESall EN 0406, 2020.

[9] M. S. Um, D. P. Jang, and B. S. Lee, "Technology trends
in communication payload for the broadband LEO satel-
lite constellation," Electronics and Telecommunications
Trends, vol. 37, no. 3, pp. 41-51 Jun. 2022.



