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This study presents a case of reliability improvement
through design changes in identified vulnerable areas,
by applying Physics of Failure methodology using
thermal, shock, and vibration profiles to predict
reliability from a failure physics perspective. Reliability
prediction is validated through simulations utilizing
design data during the design phase, allowing for the
production of boards with enhanced reliability before
manufacturing. This approach minimizes risks during
subsequent environmental or reliability testing and
increases availability.
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Fig. 1. Procedure of reliability physics analysis
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Fig. 2. PBA 3D-modeling
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Table 1. Design information for Sherlock analysis

Category Description

PCB size 134 mm =88 mm x 1.6 mm
Component IC, inductor{ resistor, capacitor,
transceiver, etc, 409 ea
Layer 6 layers
Laminate Isola 185HR(FR-4)
Solder SAC305(lead-free)
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Fig. 4. Ramdom vibration profile

Harmonic Vibration Settings

Duration 2 v
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Fig. 5. Harmonic vibration profile
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Table 3. Solder fatigue risky item

Package Parttype  Model Side Material Solder T i)r?a?ls Score
U15 QFN-32 (MO-208FFEA-H) IC QFN TOP ~ OVERMOLD-QFN SAC305 66.0 3.4E-1 59.26 21,646 4.2
L2 SRN3015 INDUCTOR CC  BOTTOM FERRITE SAC305 66.0 2.7E-1 74.01 27,030 7.1
L3 SRN3015 INDUCTOR CC  BOTTOM FERRITE SAC305 66.0 2.7E-1 74.01 27,030 7.1
L4 SRN3015 INDUCTOR CC  BOTTOM FERRITE SAC305 66.0 2.7E-1 74.01 27,030 7.1
C104 1206 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.7E-1 75.19 27,462 7.3
R213 0603 RESISTOR  CC TOP ALUMINA SAC305 66.0 2.6E-1 7554 27,590 7.4
R259 0603 CAPACITOR CC TOP ALUMINA SAC305 66.0 2.6E-1 7554 27,590 7.4
C13 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
Cl4 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C19 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C20 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C22 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C23 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C46 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
ca7 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C48 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C49 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C50 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C51 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C52 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C53 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C54 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C55 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C66 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C76 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C79 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C80 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C83 0603 CAPACITOR CC  BOTTOM BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
C84 0603 CAPACITOR CC TOP  BARIUMTITANATE SAC305 66.0 2.5E-1 80.15 29,276 8.1
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(a) Random vibe displacement RMS (b) Random vibe elemental strain RMS

Fig. 8. Random vibe life prediction result

Table 4. Random vibe fatigue risky item

Package Part type Side displl\;l s:ﬁwent Variation ~ Damage (y?a—;rats) i)arglér: Score

CN6 PRPC007DBAN-M71RC ~ CONNECTOR TOP 63SN37PB 5.6E-4 47.46  1.0E-6  >200 0.0

5 QFP-176 IC TOP 63SN37PB 8.3E-4 4447  1.0E-6  >200 0.0
CN8 HDASF202YV-000 CONNECTOR TOP 63SN37PB 4.2E-5 37.62 1.0E-6 >200 0.0
CN5 PRPCO05DBAN-M71RC ~ CONNECTOR TOP 63SN37PB 1.2E-3 35.30 1.0E-6 >200 0.0

U1 AC7200-2FGG484I IC TOP 63SN37PB 1.7E-5 28.38 1.0E-6 >200 0.0
CN2 AXK680337YG CONNECTOR TOP 63SN37PB 1.7E-5 21.48 1.0E-6 >200 0.0
R217 603 RESISTOR BOTTOM 63SN37PB 1.8E-4 19.80 1.0E-6  >200 0.0
R217 402 RESISTOR TOP 63SN37PB 3.3E-5 19.80 1.0E-6  >200 0.0
R10 402 RESISTOR TOP 63SN37PB 3.3E-5 18.18 1.0E-6  >200 0.0
R18 402 RESISTOR TOP 63SN37PB 3.3E-5 17.40 1.0E-6  >200 0.0

sl (mm)
a:

0000:0 21504 42004 Gades 5%-4 107e:3 1203 1.50:3 1.720- 000
1 I I

(a) Harmonic vibe displacement @ 460.97 Hz (b) Harmonic vibe elemental strain @ 460.97 Hz

Fig. 9. Harmonic vibe life prediction result

Table 5. Harmonic vibe fatigue risky item

RefDes Package Part type Side displl\a/] ?ghen " val\r/ili(ibn Damage (yja_erats) '?rglér: Score

U1 AC7200-2FGG484! IC TOP 63SN37PB 1.7E-5 3.02 1.0E-6 >200 0.0
CN8 HDASF202YV-000 CONNECTOR TOP 63SN37PB 4.2E-5 1.53 1.0E-6  >200 0.0
CN6 PRPCO07DBAN-M71RC ~ CONNECTOR TOP 63SN37PB 5.6E-4 1.42 1.0E-6  >200 0.0
R217 603 RESISTOR BOTTOM 63SN37PB 1.8E-4 1.41  1.0E-6  >200 0.0

us QFP-176 IC TOP 63SN37PB 8.3E-4 1.40 1.0E-6 >200 0.0
CN2 AXK680337YG CONNECTOR TOP 63SN37PB 1.7E-5 1.37 1.0E-6  >200 0.0
R217 402 RESISTOR TOP 63SN37PB 3.3E-5 1.37  1.0E-6  >200 0.0
R10 402 RESISTOR TOP 63SN37PB 3.3E-5 1.33 1.0E-6  >200 0.0
R18 402 RESISTOR TOP 63SN37PB 3.3E-5 1.33  1.0E-6  >200 0.0
CN5 PRPCO05DBAN-M71RC ~ CONNECTOR TOP 63SN37PB 1.2E-3 1.28 1.0E-6  >200 0.0

390 2024; 7(3); pp. 384-393 Journal of the KNST
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(a) Mechanical shock displacement @ 8.2 ms
Fig. 10. Mechanical shock life prediction result

Table 6. Mechanical shock overstress/fatigue risky item
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(b) Mechanical shock elemental strain @ 8.2 ms

RefDes Package Side : Max. l\/llax.. TTF Failure  Overstress  Fatigue Failure
displacement variation (years) probe score score
U5 QFP-176 (MS-026AFC) TOP 5.7E-1 779.89 >200 0.0 0.0 10.0 Fatigue
CN2 AXK680337YG TOP 2.3E-2 995.48 >200 0.0 0.0 10.0 Fatigue
CN6 PRPC007DBAN-M71RC TOP 3.8E-1 914.48 >200 0.0 0.0 10.0 Fatigue
CN5 PRPCO05DBAN-M71RC TOP 7.7E-1 731.70 >200 0.0 2.0 10.0 Fatigue
R206 0603 BOTTOM 2.7E-1 318.07 >200 0.0 10.0 10.0 Fatigue
R207 0603 BOTTOM 1.9E-1 475.45 >200 0.0 10.0 10.0 Fatigue
R204 0603 BOTTOM 2.7E-1 408.63 >200 0.0 10.0 10.0 Fatigue
R205 0603 BOTTOM 1.8E-1 424.26 >200 0.0 10.0 10.0 Fatigue
R202 0603 BOTTOM 2.1E-1 456.31 >200 0.0 10.0 10.0 Fatigue
R203 0603 BOTTOM 1.1E-1 433.60 >200 0.0 10.0 10.0 Fatigue
6.4 574 L2upYof| o7t Z4 A3} ]
=2 2o tfsf displacement map(8.3 ms)
9 strain map(8.3 ms)< &9l &<2lst A3} Fig. 10
3} o] 22 B Ho| Jrj& 02 wol oW & UL
2 &91% 5 J AT risky item list(Table 6 FX)
£ HY et &0l e ACE AN =& (a) 1st: 459.93 Hz
o] 34 Z2odd LEHAS W FE2 AAG1 & e
He AS glstt
6.5 AFFI 9 S E
ABA YRS DRFAS A AT 137 B
=9 I {53k Table 7, Fig. 113} Zo] 84 2
R LA s =S L
9705 o4 Aol v weted FAAY ARS8 e e e e
Aok, A A oo A E D = A
Table 7. Natural frequency |
Mode Frequency (Hz)
1 459.93
2 902.79 (c) 1,098.81 Hz
3 1,098.81 Fig. 11. Natural frequency |l
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Table 9. Result of transceiver component change

Combined So_lder
Pad fatigue

. result
size Qezn) result
Y (year)
DPB3B2ZHRHBR oy gosx0.25 17 18

(base-line)

BCM5241XATKMLG 5x5x0.85 0.25%0.25 17.3 18.4
LAN8720A 4x4x0.9  0.25%0.25 17.5 18.7
DP83825I 3x3x0.8  0.25x0.25 18.1 19.6
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40 = Combined
——— PTH fatigue

Solder fatigue
30 = Harmonic vibe fatigue
Mechanical shock
Random vibe fatigue

Probability of failure (%)
b
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0
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Lifetime (years)

Fig. 14. Design prediction result of reliability
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