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Focus on Quality/Reliability /Durability of Electronics
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DfR Solutions — Senior Experts
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Dr. Craig Hillman, CEO and Managing Partner

Expertise: Design for Reliability (DfR), Pb-free Transition,
SBuppéier Benchmarking, Passive Components, Printed Circuit
oar

PhD, Material Science (UCSB)

Dr. Nathan Blattau, Senior Vice President

Expertise: Power Devices, DfR, Nonlinear Finite Element
fl\nolhysis_ (FEA), Solder Joint Reliability, Fracture, Fatigue
echanics.

PhD, Mechanical Eng. (University of Maryland)

Walt Tomczykowski, Vice President, CRE

Expertise: Systems Eng., Life Cycle Management (including
obsolescence), Spares Analysis, Counterfeit Mitigation,
Failure Analysis

M.S., Reliability Eng. (University of Maryland)

Cheryl Tulkoff, CRE

Expertise: Pb-Free Transition, PCB and PCBA Fabrication, IC
Fq%ricqﬁon, RCA (8D and Red X)

B.S., Mechanical Engineering (Georgia Tech)

Dr. Ron Wunderlich

Expertise: Design for EMI/EMC, Power Supply Design,
Analog Circuit Design, Spice Model Development, I\%onfe
Carlo Circuit Simulation

PhD, Electrical Engineering (SUNY — Binghamton)

Greg Caswell

Expertise: Nanotechnology CMOS, CMOS/SQOS, Input
Protection Networks / Egg, SMT, Pb-free / P

B.S., Electrical Engineering (Rutgers)

Dr. Randy Schueller

Expertise: IC Fabrication, IC Packaging, Pb-Free
Transition Activities, Supplier Benchmdrlldng, Corrosion
Mechanisms

PhD, Material Science (University of Virginia)

Dr. Gregg Kittlesen

Expertise: Semiconductor Lasers and Integrated Modules
Photonic and RF Technologies, IC ProcessgDevelopmen'r '
and Qualification, Supply Chain Management

PhD, Inorganic Chemistry (MIT)

James Mcleish, CRE

Expertise: FMEA, Root-Cause Analysis, Warranty
Analysis, Automotive Electronics, Physics of Failure,
Battery ll'echnology

M.S., Electrical Eng. (Wayne State University)

Norm Anderson

Expertise: Avionics, Product Qualification, Safety
riticality Assessment, FTA, FMEA, Component Uprating,
Obsolescence

B.S., Electrical Engineering (lowa State University)

Anne Marie Neufelder

Expertise: Software Reliability Prediction, Best Practices
in Eof’rwqre Risk Management

B.S., Systems Engineering (Georgia Tech)
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Purpose

o Early assessment of assembly level reliability

o Uniform design for reliability process

o Design trade-off analysis

o Include reliability assessment
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Presentation Qutline
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Analyses

Methodology

Design Assessment

Hardware Capability Assessment
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Analyses

Capabilities Shock Strain Example
o Virtual Shock Testing

o Virtual Vibration Testing

o Virtual Thermal Cycling

o Virtual CAF Testing

o Conductive Anodic Filament
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Methodology - Inputs

Input Data Sources
o ODB++ archive

o ODB XML archive

o Files

(@)

Layers

Drill holes
BOM

Pick and place

Thermal map

Environmental Stresses
o Mechanical Shock

o Random Vibration

o Harmonic Vibration

o Thermal Cycle
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Methodology — Input Review

Parts List
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Methodology — Input Review

Top Components Bottom Components
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Virtual Shock Testing - Maximum Stress

Parameters Shock Profile
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Virtual Shock Testing - FEA Results

PCB Displacement PCB Strain
25G, 4.9ms, half sine pulse 25G, 4.9ms, half sine pulse

Shock Displacement & 4.9ms Shock Strain @ 4.9ms
The following mmige dépicts the Siplacement of the PCE it the desigmated tme baiad on the specifisd shock The following mmage depicti e combned dtriin of the PCE af the designated tane buiad on the spacified
prefie Colonng id Bused on (he stialive displictment, sirgieg from blug it mnimum displicnent w rad &t shock prefile. Colorng is bussd on the rtlitve ieaie, resgng fros biug Al sinirums dnin 0 rad @t
maxirure daplacement. Durk cooni indics & régitive Saplacement, while lighl coloni indicals & posilne mix o dlnin.
dispecement.
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Virtual Shock Testing - Component Assessments

Components with Highest Strain

Tep 10 Componants with Highest Strain {(Machanical Shook)
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Virtual Vibration Testing - Stress

Random Vibration Profile
Parameters (Harmonic Vibration also available)
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Virtual Vibration Testing - FEA Results

PCB Displacement PCB Strain

Random Vibration RMS Displacerment
Random Vibration RMS Strain

The followieg mmige depicts the RMS dispacement of the PCH buiad on e ipacified PSD profile. Colering ;i ) )
& basd om (he relitive displicemert, rimgag friom biue al min g 16 003 a8 man; The felicwing mmige depict the combined RMS itrim of the PCE buiad om the specified PSD profile.
disgs Colormy & buisd on e relulive dniin, rargivg from biu it maimem i 10 r&d 4l maciram ilras,

DIR Solutions o

14 3110 Roanoke Flace, Suite 101, College Park, MD 20740 | 301-474-0607 | www.dfrsolutions.com



Virtual Vibration Testing - Component Assessments

Components with Highest Strain

Tep 10 Compsnants with Shortast Lifetims (Randam Vibration)
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Virtual Thermal Cycle Testing

Parameters

4 - Thermal Shock

6 The engine compartment always seems to be

super cold before we start the engine.

# of Cycles: 3

Duration: 21 min

- Stress

Temperature Cycle Profile

Thermal Cycle
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Virtual Thermal Cycle Testing - Component Assessments

Components with Shortest
Lifetime Solder Fatigue Scores

Solder Joint Fatigue Scores (Top Components)
The following imzge shows the results for all leadless chip components and Ball Grid Array (BGA)
components analyzed. The colored symbals represent the predicted reliability of the component relative to the

expected service life of the circuit card.
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Virtual Thermal Cycle Testing - PTH Assessments

PTH with Shortest Lifetime PTH Fatigue Scores

PTH Fatigue Scores
The following image shows the results for all plated through holes that were analyzed. The colored symbals

represent the predicted reliability of the hole relative to the expected service life of the circuit card.
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Virtual Conductive Anodic Filament (CAF) Assessments

Hole Pairs with Closest Spacing CAF Scores

CAF Formation Scores
The following image shows the results for all hole pairings that were analyzed. The colored symbols represent
the predicted reliability of the hole pairings based on the distance between hole centers and the percentage of

overlap.
. Tormoe 3t07  lessthan3

Top 10 Plated Hole Pairs with Cleasst Epaing

ML [im) YL {in} 2 [iz] ¥Z |in) Cimtazce [mil] L :j :|_ ) L L I L4
-3.5933 17233 -1.8533 1.71333 5.3 l_ .I-' 1 : . LA e TR
e e B B =L I
-3 8733 L sMED -2 . ENE3 4511 1. : | :]_H-_]}
-3.5%373 . MZED -3. 6243 .naed .0  — R
1.1310 1 N310 11733 =10 .a ,_ Ll
e e s g i,
-:‘..'.:2: ;:l:l-:\ '...:'.;-:- |:; . E ;;!_;;l!_
meza | -i.ivas 2 . L3 LL7E3 :_ F_;ﬁwl'
L i I
| o | L b2k
e ' o -4 — L
. TN an '

DIR Solutions

O

19 3110 Roanoke Flace, Suite 101, College Park, MD 20740 | 301-474-0607 | www.dfrsolutions.com



Scorecard

Tutorial Board Scores Score Classifications

Analysis Module Module Score
CAF Failure 0.0 A score of 10 is in accordance with industry best practices.
Failure Rate 0.a A score of 7 to 10 is designated green and indicates a preferred design.
Mechanical Shock 0.0 A score of 3 is in accordance with minimum acceptable practice within the electronics industry.
PTE Fatigue £.0 A score of 4 to 6 is designated yellow and indicates a marginal design.

_ - A score of 0 strongly suggests a high likelithood of failure (> %0%) during the desired lifetime.
Random Vibe Fatigue 0.0 ) ] o - )

A score of 0 to 3 is designated red and indicates a high nisk design.

Solder Fatigue g3.&
OVERALL SCORE 0.9
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Life Prediction

DfR11- Tutorial Main Board - Life Prediction
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Outdoor Deployment Thermal Stresses

o Dadaily thermal cycle
o Modeled daily dT = 40°C
o Ambient dT + solar load + internal dT

o Compared 3 temperature ramp durations: 1, 2, 3 hours

o Daily thermal cycle with mini-cycles
o Modeled daily dT = 20°C, temperature ramp 1 hour
o Superimposed 25 daily cycles dT = 20°C at low temp
o Superimposed 25 daily cycles dT = 20°C at high temp
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Ovutdoor Deployment Thermal Stresses (cont.)

Daily dT = 40°C Daily dT = 20°C + mini-cycles

Temperature (C)

Tempearature ()
e i B (T 1 T 1 | a & o
o o ;o oo (=]

0 250 500 750 1,000 1,250 1.50C
Time (min)

o 2850 500 750 1,000 1,250 1,500
Tirre (min)
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Daily 40°C dT Solder Fatigue by

63Sn37Pb

Cycles to 63% Failure
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Prabability of Failure (%)

Daily 40°C dT Assembly Solder Fatigue Life Prediction

63Sn37Pb

DfR11-05xx Webinar PCBA - Life Prediction
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~=Solder Fatigue
@

N 1
001 2 3 4 5 6 7 8 © 10 11 12 13 14 75 18 17 18 19 20 21 22 23 24 25 20 27 28 29 30
Lifetime (Years)

Probatility of Failure (%)

SAC305

100

o

a5

a0

75

70

[

e

A

Service Life = 150 yrs
Prob. of Failure Goal = 1.5 %

DfR11-05xx Webinar PCBA - Life Prediction

== Solder Fatigue

El

9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25 26 27 28 20 30

Lifetime (Years]

DIR Solutions

25 3110 Roanoke Flace, Suite 101, College Park, MD 20740 | 301-474-0607 | www.dfrsolutions.com

O



Prabability of Failure (36)

Daily 20°C dT + 20°C Mini-cycles
Assembly Solder Fatigue Life Prediction

635n37Pb SAC305
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Observations

o Solder fatigue predictions at dT = 40°C

o ~10% failures at 15 years for this SnPb assembly
o ~ 6% failures at 15 years for this SAC305 assembly

o Predictions at dT = 20°C + 20°C mini-cycles
o ~1% failures at 15 years for this SnPb assembly
o <1 % failures at 15 years for this SAC305 assembly
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Observations (cont.)

o All components included in this analysis except BGA
components are predicted to have longer solder joint
lifetimes with SAC305 compared to SnPb eutectic.

o Solder fatigue is predicted to increase at slower
femperature ramp rates
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Further Information

o Recommend stress dependent lifetime modeling for
assemblies with sizable BGA and QFN components

o Model validation reports are available from DfR Solutions
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