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Reliability Design Analysis for Underwater Buriend PBA
Based on PoF

Ji-Young Kim'" - Ki-Won Lee' - Hong-Woo Yoon' - Seung-Jin Lee'
Jun-Ki Heo' - Hyeong-Ahn Kwon’
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Purpose: PBA buried in underwater requires high reliability because of its mission critical
characteristic and harsh operational environment during its life cycle. Therefore, various reliability
improvement activities are necessary. The defect on PBA manufacturing process have been
studied, as a result, many activities and standards have been presented. However, there are less
studies regarding failure pattern on physical features based on design. In this paper, we studied a
possible failure patten based on physical features that is related with manufacturing process of
PBA. And reliability improvement design based on PoF (Physical of Failure) were intruduced in
this paper .

Methods: A reliability prediction simulation were performed on the components A and B of the
H system using Sherlock Software which is a PoF commercial tool from DFR solution. Solder
fatigue and PTH fatigue analysis based on thermal cycling profiles and random vibration was
analyzed on three earthquake response spectrum.

Result: It was validated that life time and reliability improvement design through solder fatigue
and PTH fatigue analysis in case of component. For compoenet B, random vibration fatigue was
additionally analyzed and validated reliability for earthquakes profile.

Conclusion: In design stage prior to manufacturing, PoF can be analyzed, and it is possible to
make a reliability improvement/validated design using design data. This study can be applied in
every design step and contribute to make more stable development product.

Keywords: PoF(Physics of Failure), PBA(Printed Board Assembly), Solder Fatigue, PTH(Plated
Through Hole) Fatigue, Sherlock
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Table 1 Main failure patten on laminated layer

Type Description
Partially lifted or swollen on the layer of
Blister laminated material or between the material
layer and the copper foil
Delamination Separation between insulation layer or
inner/outer layer
Crazing Isolation of epoxy and glass or glass and
glass (depending on the cause, measling
Measling | is caused by thermal shock and crazing is
caused by physical shock)

Table 2 Main failure patthen on Drill

Type Description

Roughness of inner hole after hole processing.
If the inner hole is rough, it may cause the
plaint thickness to be insufficient and the
plating connection strength to be insufficient.

Roughness
of inner
hole

The resin is attached to the conductor re-
presentation of the inner layer softened by
the cutting frictional heat during drilling,
which causes poor conductivity and adhesion
to the plating.

Smear

Occurs in the inner layer of the multipayer
product due to wear of the drill bit.

The copper layer of the inner layer of the
hole processed region is like a nail head shape.

Nail Head

In the insulating layer in the hole, the plating
solution penetrates to the glass fiber contained
in the PREPREG inside the hole.

Wicking

Table 3 Main failure patthen on Plating

Type Description
No platin No plating by the foreign material due
Plating | poor surface treatment.
Discolor It is caused when washing by contaminated
water in the washing step.
Surface Occurs when surface treatment is not
accurate due to acid and chemical treatment
roughness mistakes
Poor hole | Poor hole plating due to imperfect desmear
plating or insertion of air inside
2359
5 3N B b 5 382 <Table 3>
3} 2o,
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Table 4 Classification of Products[4]

Class type Class requirements
Include consumer products, some
computer and computer peripherals,
as well as general military hardware
General . o
Class Electronic suitable for applications where cos-
1 metic imperfections are not important
Products

and the major requirement is func-
tions of the completed printed board
or printed board assembly.

Includes communications equipment,
sophisticated business machines, in-
Dedicated | struments and military equipment
Class | Service | where high performance and extended

2 | Electronic | life is required, and for which unin-
Products | terrupted service is desired but is not
critical. Certain cosmetic imperfec-
tions are allowed.

Includes the equipment for commer-
cial and military products where con-
tinued performance or performance
on demand is critical. Equipment
High downtime cannot be tolerated, and
Class |Reliability | must function when required such as

3 | Electronic | for life support items, or critical weap-

Table 5 Required data list for Sherlock analysis

Item Description

Layout Layour of pars in board

Each layer and material composition

Board stack
oard stackup of PCB board

Laminated . . .
; Laminate material properties
material

Pick and place | Location for circuit or component

file connections within board
Mountin . .
. g Mounting number, location, method
configuration

Heatsinking Heat handling method

Bill of material | Part number/manufacturer,

(BOM) physical specifications
Stiffness Support strength and shape of parts
TS/PTC .
L Physical test measurement data
Characterization
Drill Drill information for eacy layer

a1

of Gtk AA #-8 875< nesHE, FH Ao 5
W ol 24 AR B2 GAAE A4 £8 B
ANt lEd 200w Bag et ol

J2AAAE Y 2 2d

Sherlock= 283 4 & 9|8} A:=<Table 5>9} 2
of A F AR} Basith HE W 59| o]
o} ¥ ol 2} stackup, A L =L AR 5SS 55 A
A WE< 3D Bdstetay XY ARE 7o
o vz Y md s Agste] T4& FFTT

JPHAA A TAF IZEY 7 AHA 45
A gd ol A%

Products | ons systems. Printed boards and print-
ed. board assembvlles‘ in this clss are 321 BEAGA AL
suitable for applications where high ) P A
levels of assurance are required and HAA FA4F TA Z8A < 4% A2 242
. . . = = = =] = 2=
service is essntail. AE 327tz HA otk A AGAEH 59 5
Layer | Type | Material | Thickness | Density | CTExy | CTEz | Exy | Ez |
1 SIGNAL  COPPER (42.2%)/ COPPER-RESIN 050z 48672 36.003 36.002 50,804 50,504
2 Laminate  GenericFR-4 §1.57 mil 1.9000 17000 70000 243804 3450
3 SIGNAL  COPPER (56.8%)/ COPPER-RESIN 050z 58328 31.507 31.597 65,695 65,696

Fig. 4 Stakup imformation of component A
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Fig. 5 3D image of component A
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Fig. 6 Thermal cycling profile
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Fig. 7 The expected life time under solder fatigue
analysis

Table 6 The difference on solder fatigue analysis

resistance siz:ad M 0.8x1.3nmmr 1.0x 1.5 mmmnt
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Fig. 8 The expected life time under PTH fatigue
analysis

Table 7 The difference on PTH fatigue analysis

PTH size
PT . 0.33mm 0.45mm 0.6mm
plating
thickness
204m 10.2 years | 11.1 years | 12.3 years
30¢m 12.9 years | 15.3 years | 17.1 years
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Fig. 9 3D image of component B
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Layerl Type | Material ITmckness | Density | CTExy | CTEZ | Exy | Ez

1 SIGNAL COPPER (79.1%) | COPPER-RESIN 0.0175 mm 74181 24372 24372 90,114 90,114
2 Laminate  185HR 0.12 mm 1.9000 14.000 40.000 25,993 3,450
3 POWER COPPER (89.2%) / COPPER-RESIN 0.035 mm 8.1332 21.099 21.099 101,174 101,174
4  Laminate  185HR 12 mm 1.9000 14000 40.000 25,993 3,450
5  SIGNAL COPPER (85.1%) f COPPER-RESIN 0.035 mm 78421 22428 22428 96,684 96,684
6 Laminate  185HR 0.12 mm 1.9000 14.000 40.000 25,003 3,450
T  SIGNAL COPPER (89.6%) / COPPER-RESIN 0.0175 mm 8.1616 20970 20970 101,612 101,612

Board Thickness: 1.545 mm [60.8 mil]

Fig. 10 Stakup imformatin of component B
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Fig. 15 The expected life time under random vibe
analysis
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