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A Study on Design for Reliability for the PBA of Warship
based on Reliability Physics Analysis
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Abstract The PBA of ship weapon system should be installed and operated under harsh environmental
conditions and so it should be highly reliable to endure the mission profiles during its entire lifetime.
In the case of PBA failure during operation, rapid maintenance is highly likely to be difficult due to
problems such as supply of parts, which can have a devastating effect on the mission. In order to
validate the reliability of PBA, a series of tests are performed with PBA samples, but they require time,
testing facilities, samples, expenses and failure analysis if failed. The reliability of PBA is predicted on
the basis of specifications such as MIL-HDBK-217F, but this specification does not take into account
failure mechanisms for specific design details, environment and usage, interconnects and its
characteristics that drive many failures of PBA in the field. Therefore, this study predicts the reliability
of PBA using an RPA tool and proposes the RPA methodology as a validation process at the design stage.
With RPA, it is now possible to achieve design validation including inherent failure mechanism,

identification of weakest link, alternative design options, and test plan development.
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Table 1. Failure Mode of Physics

No. Failure Mode

1 PTH Fatigue

2 Solder Fatigue

3 Resonance Risk
4 Harmonic Vibration
5 Random Vibration
6 Mechanical Shock
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Failure Mode Description

Occurs due to insufficient pressure during

Wrinkle . .
lamination molding

Adhesion of Inner Layer-Prepreg, Prepreg-
Prepreg and Prepreg-Copper Foil is weak
and it is not completely bonded.

Delamination

{Wrinkle)

{Delamination)

Fig. 4. Major Failure Mode in PBA Manufacturing
Process
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Failure Mode Description

Table 3. Design data information for Sherlock

Analysis
PTH Fatigue Fatigue life of Plated through holes Y
Solder Fatigue Fatigue life of PBA Solder Classification Description
Resonance Risk ~ |/\nalysis of Resonance risk PCB size  [180 mm x 100 mm X 18 mm

with frame assembly

Harmonic Vibration |Fatigue life of Harmonic vibration

Fatigue life of Random(non-

Random Vibration N o
Harmonic) vibration

Mechanical Shock |Fatigue life of Mechanical shock

(Solder Fatigue)

(PTH Fatigue)

Fig. 5. Description for Failure Mode of Physics
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Table 2. Required Data List for Sherlock Analysis

No. Item Description
1 Layout Layout of pars in board
Each layer and material composition
2 | Board stackup of PCB board
3 Laminated Laminate material properties
material prop
4 Pick and place |Location for circuit or component
file connections within board
5 Mguntmg Mounting number, location, method
configuration
6 Heatsinking  |Heat handling method
7 Bill of material |Part number/manufacturer, physical
(BOM) specifications
8 Stiffness Support strength and shape of parts
9 TS/PTC . Physical test measurement data
Characterization
10 Drill Drill information for each layer

IC, Semiconductor, Osilator, Resistor,

Component Capacitor, Inductor, etc.
total 102 types, 841 ea
Layer 16 layers
Laminate Generic FR-4
Solder SAC305 (Sn96.5/Ag3/Cu0.5)
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Temperature — Life Profile(Hours)
Duty | Season  Duration Daily Daily Hours (3pp) Design o Ramp H Ramp Count
QD Low  High (20Y) Dy up_ Dwell Down
Winter 2 -37 -21 1464 30% 8,784 5% 366
30% | Spring/Fall 8 28 39 5832 30% 34992  20% 6 6 6 6 1458
Duty Summer 2 30 53 1464 30% 8,784 5% 366
SubTotal 12 - - 8760 30% 52560 30% - - - - 2190
Winter 2 =32 -25 1464 30%| 20496 12% 854
7(?[? Spring/Fall 8 28 58 5832 30% 81648 46% 6 6 6 6 3402
Duty | Summer 2 30 63 1464 30% 20496 12% 854
SubTotal 12] - - 8760 30% | 122640 70% - - - - 5110
TOTAL 175,200 100% - - - - 7,300
Fig. 7. Temperature Profile
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Table 4. Life Prediction Result of Each Failure Mode

Failure Mode RPA Result
PTH Fatigue Fail
Solder Fatigue Fail
Resonance Risk Pass
Harmonic Vibration Pass
Random Vibration Pass
Mechanical Shock Pass
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Fig. 12. PTH Fatigue Life Prediction Result

X (in) | Y (in) Dla(rir:;ier d"vr'a(’((:) Damage |TTF (years) |Failure Prob| Score
2.2055| 1.695| 0.00787 90| 0.76876512)26.01574849| 29.48048983/0.038626394
2.235| 1.695 0.00787 90| 0.7687651226.01574849| 29.48048983/0.038626394
2.2645| 1.695| 0.00787 90| 0.7687651226.01574849) 29.48048983|0.038626394,
3.1055|  4.05] 0.00787 90| 0.76876512/26.01574849| 29.48048983/0.038626394
3.135| 4.05 0.00787| 90| 0.76876512)26.01574849| 29.48048983/0.038626394
3.1645| 4.05| 0.00787 90| 0.7687651226.01574849| 29.48048983/0.038626394
2.685/1.9793 0.01 90[0.733942231|27.25010112| 25.18611272/0.418947477
2.64/1.9793 0.01 90[0.733942231127.25010112| 25.18611272/0.418947477
2.64/2.0107 0.01 90/0.733942231|27.25010112| 25.18611272/0.418947477|
2.695/2.0107 0.01 90[0.73394223127.25010112| 25.18611272/0.418947477

Fig. 13. PTH Fatigue Risky Via Table
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Fig. 14. Solder Fatigue Life Prediction Result
[RefDes| Package [Part Type| Side | Solder [Max dT TTF (years)| Fail Prob | Score
R61 1206/RESISTOR TOP SAC305 9 143.51361657] 9.253377421|5.108209784
RS22 1206[RESISTORTOP __[SAC305 9 143.51361657 9.253377421]5.108209784
[Rds1 1206/RESISTOR BOTTOM |SAC305 9 1] 0.45221423144.22682583 8.832961535.310149157
Rds4 1206/RESISTOR BOTTOM |SAC305 9 1] 045221423144.22682583 8.83296153/5.310149157
Ras7 1206[RESISTOR[B0TTOM SAC305 9 1] 045221423(44.22682583]_6.83296153(5.310149157
Re21 1208[RESISTOR[BOTTOM[SAC305 9 1] 045221423/44.22682583]_883296153(5.310149157
lR622 1206/RESISTOR BOTTOM |SAC305 k] 1] 0.45221423144.22682583 8.832961535.310149157
Re23 1206[RESISTOR[BOTTOM SAC305 9 1] 045221423/44.22682583]_6.83296153(5.310149157
U4__1900-FCBGAIC 0P [SAC305 9 110.41768030847.88351194_7.02756981]6.303160862
u17 484-BBGAIC P SAC305 1/0.316855851/63.12018528) 3.1310911319.81425546

Fig. 15. Solder Fatigue Risky Part Table
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Fig. 16. Natural Frequency Analysis Result
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Table 5. Natural Frequency Comparison

Mode Frame Assembly FPGA Board
st 127 Hz 841 Hz
2nd 137 Hz 1,071 Hz
3rd 142 Hz 1,290 Hz

4.1.4 si2Y/HExs 24 Zut

ol

129259 Displacement map¥} Strain map<
gl A3} 7k FEo] Atd oz Wol #of

2 ERIT = UAT Fig. 173 Zo] Aapxo=
A5l P Ao R FWokE gt

e ok

D

2
by

ot

Displacement Map(33Hz)

Strain Map(33Hz)

RefDes g TypdSide  |Max Disp |Max Strain|Comp C TTF
R448 402|RESISTOR[TOP 7.11E-05]  3.36E-07|N 1.00E-06|  2.00E+07] 10|
R446 402|RESISTOR|BOTTOM |  4.19E-04]  1.08E-07|N 1.00E-06|  2.00E+07] 10|
R447 402|RESISTOR[TOP 6.94E-05]  1.65E-07|N 1.00E-06|  2.00E+07| 10|
R444 402|RESISTOR|BOTTOM |  7.57E-05|  7.53E-08|N 1.00E-06] 2.00E+07| 10]
R445 402|RESISTOR|TOP 413E-04|  6.17E-08[N 1.00E-06]  2.00E+07| 10)
R442 ADZIRESISTOR TOP 446E-04|  188E-07|N 1.00E-06|  2.00E +07| 10|
R443 402|RESISTOR|BOTTOM |  699E-05|  2.33E-07|N 1.00E-06]  2.00E+07| 10]
R451 1206|RESISTOR|BOTTOM |  4.59E-04[  4.06E-07|N 1.00E-06]  2.00E+07| 10)
R452 402|RESISTOR BOTTOM 6.65E-05|  7.48E-08[N 1.00E-06| 2.00E + 07| 10|
R437 ADZIRESISTOR BOTTOM 383E-04| 8.63E-08[N 1.00E-06| 2. 00E007| 10|
Fig. 17. Harmonic Vibration Fatigue Life Prediction
Result
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Fig. 18. Random Vibration Fatigue Life Prediction
Result
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Risky Assessment Result

RefDes, Package |Part Type| side | Material | Max Disp [Max il Comp Crackir IS

U4 [900-FCBGAIC rop___[eponvendlo.tegenased 339604 0.001282051N 3556-0q 56364882 10)
Rads 402RESISTOR[TOP__ [ALUMINA [0019165917]_6.85€-05 000ms 100604 20007 10
Rads 40, TOM ALUMINA [0.114781063] 308605 [ETEN 1.006-0¢_ 2000710
R4 402) Jauming 439605 000115N 1.006-0d_200€+07] 10|
lRaaa 402RESISTOR [BOTIOM [ALUMINA |0.0204685107]_1.97€-05 000115N 1.006-04 2000710
Rads 402JRESISTOR [TOP___|ALUMINA [0.112899684]_1.736.05 00011EN 1.006-04_ 20060710
Red2 40ZRESISTOR [TOP__ ALUMINA [0.121993958]_5.26€-05, 000TEN 1.006-08_ 20060710
Rad3 ADZAESISTOR [BOTTOM ALUMINA |0.018859569  6.18€-05) DDOHS‘N 1.00E-08 2.00E+07] 10
fRast 1 Jeorromawuming 0124632194 10560 oS 100E-09 200507 _10)
Ras2 402RESISTOR [BOTIOM [ALUMINA [0.017838494] 2.00€-05 ooons 100E-09_200E+07 _10)

Fig. 19. Mechanical Shock Fatigue Life Prediction

Result
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& 3719 Ageg FA F7ol TAZE YA 92
micronZtA] 7t Al71H A= BERE TS5

Clas.s ifi Thickness Size _PTH Fat'i gl_le Result
-cation Life Prediction
Baseline 35 micron 149 49 NOK
Casel 40 micron 155 4 NOK
Case2 45 micron 16.1 ¥ NOK
Case3 92 micron 20 & OK
<Baseline> <Casel>
<Case2> <Case3>

Fig. 20. Plating Thickness Hole Size Increase Result
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% WAS Via £33} PCB 2ulilo|=9] QAL
7 RS mgel FlAl Habh gasEe e
Yol Aue Wskeick. A4 B4 At Table 63}
20] Case3 ~ 5 4§ A PTHI|=o] tgt A=) =3
£ Wt

Table 6. Laminate Material Change Result

T+ WAz EHuz A9RE BGAEY FH3=
U49] &4 & #°IE€ S7MIZH. BGAEIY &3z =
& 2J9| £H= PCBY} Hdsh=d], ol &9 F& 5
7HAZIRE &0l 7HsiAlE Fel7t Ak A 24
23, Fig. 2291 o] 71487 di¥] 0.1 mm 37F Al &
Huzo] fidt A=Y SHE = 2Rt

Classifi | PCB Laminate PTH Fatigue Result Clasfifi BGA Ball Height S.older Fa.tigue Result
-cation | Grade Material Life Prediction esu —cation Life Prediction
Baseline 0.60 mm 19.2 years NOK
Baseline | FR-4 Generic 14.9 years NOK
Casel 0.65 mm 20.1 years OK
Casel FR-4 | DS-7402H(GP) 19.8 years NOK Casel 070 mm 204 years OK
Case2 FR-4 DS-7409D 19.8 years NOK Case3 0.75 mm 20.6 years OK
Case3 FR-4 | LG-E(B)-451H 27.5 years OK
Cased FR-4 NP-155FR 27.5 years OK
Case5 FR-4 | 44N DataSheet 41 years OK e wa A B
<Baseline> <Casel>
422 LR i wot /
<= = J
souz A=y ARG A9 AA GRS MR, e
B — N — <Case2> <Case3>
= F7] F7h £9 & &°| 371 PCB FHYlolE ¥

7 9 &t HAolrh

A AR HE 371§ F7HI7IH &80 7HeiAl=
Fopp ZAEE S &TjnR FEREER] 12068 AT
8719 M= 3718 712 AAZ 0.90 mmollAl AA g
A1 1.20 mm7HA] 0.05 mm& Z7HAFATE A4
B A Fig. 213} Zo| Casel ¥E &tu29 gt
A BRE g A3Ig

Classifi Pad Size Solder Fatigue Result
-cation (Length) Life Prediction esu
Baseline 0.90 mm 19.2 years NOK
Casel 0.95 mm 20.1 years OK
Case2 1.00 mm 20.4 years OK
Case3 1.20 mm 21.5 years OK
<Baseline> <Casel>
<Case2> o <Case3>

Fig. 21. Resistor Pad Size Increase Result
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Fig. 22. BGA Ball Height Increase Result

Al HAZ PTHYZ A=A ol 2834 2ty
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7t Aas7] qZelt. A= £4 A3 Table 73}
Zo| Case2 ~ 5 BF &ty 2o gt A= Z%E
WSt T2y PTHHROM FxE wHESId
NP-155FR9| 73-¢- &ty 2o|lX= JHE WA X
ohe Zoz BAFQh

Table 7. Laminate Material Change Result

Classifi | PCB Laminate Solder Fatigue Result
-cation | Grade Material Life Prediction

Baseline | FR-4 Generic 19.8 years NOK
Casel FR-4 NP-155FR 19.8 years NOK
Case2 | FR-4 | DS-7402H(GP) 23.5 years OK

Case3 | FR-4 | LG-E(B)-451H 23.5 years OK

Case4 | FR-4 | 44N DataSheet 26.0 years OK

Case5 FR-4 DS-7409D 29.2 years OK
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olxuet b] MAE 71E &9 giu] TAEAY 62 W
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PCB 4 AAEZ 71 difixo] gold uf AL &= 9=
Aol et AlgA B4 Ad} Table 87 7ol
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Zsle Foz BAE

i
"l |—PTHFatigus
Scéder Fatigue

Table 8. Solder Change Result

Classifi Solder Name |Solder Fatigue Life Result
-cation (Solder Type) Prediction esu o
Fig. 24. Design Alternative 2
Baseline SAC305 19.8 years NOK
(LEAD-FREE) :
63SN37PB Al HAf tiete 2= PCB gulHlolE, A = F7]
Casel (TIN-LEAD) 22.4 years OK
9 BGA 44 & £0]E NP-155FR, 1.2 mm ¥ 0.7
SENJU M794 A5 Zo] AlFA BEEE 2=
Case2 (LEAD-FREE) 40.0 years OK mmOl= O]' Flg 259‘]( ] Q 6] 3

bt

4.3. A Het

PTHH 2¢} o2 7|4 wet wet A=d Ha vt
=5 9JoliAl H4gH PCB Hrlvlo|E A& WA o=
AL LgAolrt,

11 o]% HAAWHAC w2 AFH|-83 PBA A= &F
o tﬂre A A 52 FHHOE 1125} Via
Ta A, HE 37] 7t 5= HAstolof gtk 9hA
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A ¥4 fite® PCB  FuldolESt &£HE
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A= 5RE I AAEE 371tk 204 71E 70%2] A=A BEE
BYSHA TEEA7]E 2A5teA ZF A tiet 71 174
A& Al 712 A gH] 2712 A9 FHE |82 Table
9%} o] 71X & A5ttt A HA diqto] B tiet
iu] X4 vjgoR AR BERE UEAY|E S &
g 4= Stk

e
" | PTH Fatigue
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Fig. 25. Design Alternative 3

Table 9. Comparison Result of Design Alternative

Reliability Add Cost Weight Priority

Classification Goal(20yr) | than Initial Design | (for Cost)

Design

0,
Alternative 1 70 % 1.3 1

Fig. 23. Design Alternative 1
Design
Alternative 2

70 % 2.1 3

T ¥4 dioto 2= PCB #Ho[Yo|ES} Via &F F e
esign o
S DS-7409D2} 50 micronC & W51 Fig. 249 Alternatgive 3 70% 18 2
Zro] AlgA ERE =31}
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