DfR Solutions

reliability designed, reliability delivered c

DfR Solutionsworks with companies and individuals throughout the life cycle of a
product, lending a guiding hand on quality, reliability and durability (QRD) issues
that allows your staff to focus on creativity and ideas.

Our expertise in the emerging science of Electrical and Electronics Reliability
Physics provides crucial insights and solutions early in product design, developm
and test throughout manufacturing, and even into the field.

Dr. Craig Hillman

NASAT Johnson Space Center Houston, TX December 18, 2009
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Who Is DfR Solutions?

A We use Physics-of-Failure
(PoF) and Best Practices
expertise to provide knowledge-
based strategic quality and
reliability solutions to the
electronics industry

¢ Technology Insertion

Design

Manufacturing and Supplier Selection

Product Validation and Accelerated Testing
Root-Cause Failure Analysis & Forensics Engineering

O 0 0O 0

A Unigue combination of expert consultants and state-of-
the-art laboratory facilities
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Who Uses DfR?

Military / Avionics / Space
Lockheed Matrtin
Northrop Grumman
General Dynamics
BAE Systems
Honeywell
Hamilton Sundstrand
Thales Communications

Rockwell Collins

Portables
LG Electronics
Kyocera

Contract Manufacturers
Flextronics
Benchmark Electronics
Gold Circuit Electronics (Taiwan)
Daeduck (Korea)
Viasystems (China)

Enterprise / Telecom / ATE

Cisco Systems
Huawei (China)
Sun Microsystems
Motorola
Alcatel-Lucent
Juniper Networks
KLA-Tencor

Auto / Transportation
General Motors
Caterpillar
Panasonic Automotive
TRW (England)

Magna
Takata (Japan)

Materials
Graftech
Nihon Superior (Japan)

Consumer / Appliance
Dell Computers

Hewlett Packard

Apple

Fujitsu (Japan)
Samsung (Korea)

LG Electronics (Korea)
Microsoft

Xerox

Components
Samsung (Korea)
Fairchild Semiconductor

International Rectifier
Nvidia

Amphenol

NIC

And

Many

Industrial / Power
General Electric
Siemens
Emerson Electric
Schlumberger
Ingersoll Rand
Danaher Motion
Olympus
Tyco Electronics

Medical
Philips Medical
Medtronic
Guidant
Cardinal Health
Beckman Coulter
Biotronik
Cameron Health
Cardiac Science

Mo r
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How Do Companies Use DfR?

A Work overflow
¢ Maximize the efficiency of your current staff

A Independent party on critical design reviews
A Supplier benchmarking (commodity / custom)

A Test plan development and execution

A Reliability predictions

_ Pb-Free
A Root-Cause Analysis Transition

A Continuing education
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How is NASA using DIR?

A Current focus Is Technology Insertion
c Wearout of semiconductor devices
¢ Introduction of water-soluble fluxes
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DIR Solution® Senior Experts
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Dr. Craig Hillman, CEO and Managing Partner

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

PhD, Material Science (UCSB)

Dr. Nathan Blattau, Vice President

Expertise: Power Devices, DfR, Nonlinear Finite
Element Analysis (FEA), Solder Joint Reliability,
Fracture, Fatigue Mechanics.

PhD, Mechanical Eng. (University of Maryland)

Cheryl Tulkoff, CRE

Expertise: Pb-Free Transition, PCB and PCBA
Fabrication, IC Fabrication, 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,
Monte Carlo Circuit Simulation

PhD, Electrical Engineering (SUNY i Binghamton)

Greg Caswell

Expertise: Nanotechnology CMOS, CMOS/SOS, Input
Protection Networks / ESD, SMT, Pb-free

B.S., Electrical Engineering (Rutgers)
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Dr. Randy Schueller

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

PhD, Material Science (University of Virginia)

Dr. Randy Kong

Expertise: LEDs, LCDs, Microprocessors, Memory
Components, Supply Chain Management, System-Level
Reliability

PhD, Physics (CUNY)

James McLeish, CRE

Expertise: FMEA, Root-Cause Analysis, Warranty
Analysis, Automotive Electronics, Physics of Failure,
Battery Technology

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

Norm Anderson

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

B.S., Electrical Engineering (lowa State University)
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DfR Locations (North America)
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Tech Insertion: Integrated Circuit Wearo

0OThe notion that a transistor ages IS a new corce
the bailiwick of engineers who guarantee the trar
transistors are scaled down further and operataegd
make those guaranteesé transistor aging i s emer/gi

IEEE Spectrum, June 2009

¥ IC Reliability Prediction - Mozilla Firefox FEX
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A Working with companies across the electronic
supply chain to develop an online solution
bt [MchFee Sitardvisor | -
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|IC Wearoubd Value Proposition
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Tech Insertion: 29 Gen Solder Reliability

A Major solder manufacturer needed to demonstrate reliability of
2"d generation Pb-free alloy -
DfR Soluti
reliability design(e:;, r;:hilitlyzgesdo
A DIfR provided a turn-key solution Solder Joint Fatigue

¢ Test plan development (12 conditions)
. Fatigue of solder joints under Leadless Chip Components (LCC), such as chip resistors and
¢ Test coupon design (CSP, TSOP, 2512) @ \ e T
of Isadlsss chip components accounting for solder alloy (Sn63Pb37 or SAC305), Printed
. . Circuit Board (PCB) material, and use environment. The calculations are perfarmed using

¢ Test execution (temp cycle, vibe, shock)
C
C

Solder Material: | Lead-Free (SAC305) w
7] us

Failure analysis
Solder reliability model creation

A Results
B Tensile Modulus: 24804

¢ Developed new test technology to meet ; i
- Maximum Temperature: | 100 Dwell Time: 10
schedule and cost constraints

¢ Online calculators now available for
customers world-wide
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n for Excellence (DfX)

DfR uses industry-leading design for excellence (DfX) practices
to optimize design and ensure success early in new product
development (NPD)

p>>

A Expertise

Circuit Analysis

Power Supply Design
Design for Reliability
Design for Manufacturability
Design for Testability
Design for Environment
Physics of Failure (PoF) Reliability Prediction
Finite Element Analysis (FEA)

O 0 0 0 0 0 O 0

A Focus
¢ Semiconductor Packaging
¢ Printed Circuit Board
¢ Circuit Card Assemblies
¢ Product and System-Level
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DfX 0 A Software Solution
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A Working with major electronic OEMs on

benchmarking suppliers of crltlcal

components

A Actions Include /

¢ Developing test plans

¢ Characterizing time
to failure behavior

¢ Developing gualification

1111111111

Time to Failure (hours)

OOOOO

p3=1130,13=1611.53, p=090
B4=800, 14=3304.25
5-800, n5=3304.25

criteria based on test results
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Testing: Test Plan Development

A Product test plans are critical to the success of
a new product or technology

¢ Stressful enough to identify defects
¢ Show correlation to a realistic environment

A DfR Solutions approach
¢ Industry Standards + Physics of Failure

A Results in an optimized test plan that is
acceptable to management and customers

>

Experience in product test plans include
Industrial controls

Process monitoring

Consumer appliances

Telecom (Class I, Il, and Ill environments)
Personal computers

Mobile phones and other mobile products
Avionics (engine controls, fuselage)

Automotive (under-hood, passenger
compartment, chassis, and trunk)

¢ Down-hole oil-drilling

O 0 0 0 0 0 0 0

Month

Cycles/Year

Ramp

Dwell

Min
Temp
(°C)

DT

Cycles
per Day

AF

Jan+Feb+Dec

90

6 hrs

6 hrs

25

12.654

Mar+Nov

60

6 hrs

6 hrs

10

25

11.799

Apr+Oct

60

6 hrs

6 hrs

15

25

10.944

May+Sep

60

6 hrs

6 hrs

20

25

10.26

Jun+Jul+Aug

90

6 hrs

6 hrs

25

25

9.576

Operational

16.6

5 min

3 hrs

-40

65

RlRRRR -

2.223
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A The number one requirement in failure
analysis

A All the necessary elements

¢ Electrical engineers, mechanical engineers,
materials scientists, inorganic chemists, etc.

A Extensive in-house expertise
¢ PhD, MS, BS + industry experience

A The right background
¢ Over 800 failure analyses combined

5110 Roanoke Place, Suite 101, College Park, Maryland 20740

Phone (301) 4790607 Fax (240) 7570053
© 2004 - 2009 www.DfRSolutions.com




Failure Analysis Desktop Computer

A Failures during HALT EA
¢ EXposure to vibration R

A Electrical testing indicated electrical open
¢ Under BGA socket

A Validity of failure mechanism?
¢ Shearing of electrolytic capacitor leads

A Dependent upon orientation of capacitors
¢ Only those along the board length

Vibration test may not have applied
random loads

¢ Potential issues with vibration table or
fixturing

>
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howledge and Education (Website

A Let your staff learn
all day / every day

E-LEARNING
A Scholarly articles
echnical white papers
ase studies
eliability calculators
nline presentations

> > >

)

DfR Solutions

reliability designed, reliability delivered

Our newsletter contains
valuable information on
a wide spectrum of
electronic engineering
subjects; from Ph-free
% and RoH3, design for
reliability, and more!

Subscribe to Newsletter
Enter Search

HOME
CALCULATORS
SOFTWARE
SERVICES
GLIENTS
GOVERNMENT
E-LEARNING
IN THE NEWS
ABOUT DFR
GONTACT US
SITE MAP

SBIR INFQ
Us ROHS

Problems Solved. Better Yet —
Problems Prevented.

Dff Solutions works with companies and individuals
throughout the life cycle of a product, lending a guiding
hand that allows you to focus on ereativity and ideas
Our expertise in electrorics can provide crudial insights
and solutions early in product design, throughout
manufacturing, and even into the field. [more...]

Featured Articles

= £n Experimental Investigation into the Creep
Behavior of Pressure Sensitive Adhesive Tapes for
air-cooled Component-Heat Sink Assemblies

= Determining the Lifetime of Silver-filled Isotropic
Conductive Adhesive (ICA)/Solder-plated
Interconnections

= Has the Electronics Industry Missed the Boat on
Ph-free? Failures in Ceramic Capacitors with
Ph-free Solder Interconnects

= Improved Methodologies for Identifying Root:
Cause of Printed Board Failures

The Kinetics of Farmation of Ternary Intermetallic
alloys in Pb-Sn and Cu-Ag-Sn Pb-free Electronic
Jaints

= [more...]

S i

eywell Applied Data Systems

Read our May/June Newssletter!

DIR Solutions, in collaboration with BestTest and IPC,
will hold the first ever Design for Excellence (DfX)
Course in October 2009. This collaborative effort will
provide tools on how to meet time-to-market deadlines
and reduce warranty issues. For more information,
please click here.

Dr. Craig Hillman's Webinar presentation "Root-Cause
Analysis in the HALT Process” part of the series Ask
the Experts hosted by the Qualmark Corporation, is
nowe available on our website! To access the
presentation, please click here.

DfR Solutions welcomes Cheryl Tulkoff, CRE, as Newt
Senior Member of Technical Staff. To read more,
please click here.

. Technalogy nsertion
. Dein

Featured White Papers
= Derating of Schottky Diodes
= Qualifying for Moisture Containing Environments
® Temperature Dependence of Electrical Overstress
= [more...]

Featured Case Study
= Identification of BGA Failure

= [more...]

DfR Solutions on Orange County, CA

August 05

[Clek for details...]

DIR Solutions in Los Angeles, CA

August 11-12

[Clek for details...]

DfR Solutions in Southern Wisconsin & Illinois

August 25-27

[click for details...]

DfR Solutions in Huntsville, AL and Atlanta, GA

September 15-16

[Click for details...]

= Symposium on Defense and Aerospace

Electronics
ille o1

16

Testing Product Qualification

Field/Customer Returns

Haw can you keep your products from being returned?
Any return from the customer, regardless of cause,
should be considered a failure, DfR has the resources to
perform extensive failure analyses and to make
recommendations regarding the produets that remain in
the field, Our expertise with lifetime prediction and
statistical analysis all add ta the finished report,
providing a complete picture to our clients about their
product.

[more...]

Technology Insertion

How disruptive does technalogy have to be? DIR assists
compariies with their transition into using new
technologies and materials. DfR’s expert consulting and
testing services allow companies to efficiently shift their
structure with minimal risk.

[mare...]

Design
will your product meet expectations? DR has the
resources to answer guestions that arise during the

5110 Roanoke Place, Suite 101, College Park, Maryland 20740

Phone (301) 47490607 Fax (240) 7570053
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Knowledge and Education (Onsite)

4 hours to 5 days

Highly qualified instructors
¢ PhD, CRE, yrs of experience

Wide variety of topics
Physics of Failure
Design for Excellence
Performing FMEA
Pb-Free Reliability
Capacitors

Qualifying PCBs
Opto-Electronics
Component Packaging
Root-Cause Analysis

O 0 O O 0O O O 0O 0
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Interested?

A~

A

>

>

Could your next product benef
expertise and PoF knowledge base?
¢ Bring us in as an independent party during critical design reviews

Are your concerned with new technologies?

c Df R6s scientists and engineers can
ensure risk-minimization during these difficult transitions

Take advantage of our unique Open-Door policy!

See how much we already know about your current issues

Chances are we have already solved your problem at least once before
We work around the clock and around the world

Contact us by phone (301-474-0607) or email (askdfr@dfrsolutions.com)

¢
G
¢
G
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DfR Solutions

reliability designed, reliability delivered c

Physics of Failure (PoF) and
Environmental Stress Screening
(ESS)

Dr. Craig Hillman, Cheryl Tulkoff
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PoF and ESS

A Can Physics of Fallure be used to optimize
an Environmental Stress Screen?

¢ What is Physics of Failure?
¢ Review of Environmental Stress Screening
¢ Combining the two

5110 Roanoke Place, Suite 101, College Park, Maryland 20740
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What is Physics of Failure?

A DIR Solutions: Leverages the knowledge and understanding of the processes

and mechanisms that induce failure to predict reliability and improve product
performance

A Army: An engineering-based approach to reliability that uses modeling and
simulation to eliminate failures early in the design process by addressing root-
cause failure mechanisms in a Computer-Aided- Engineering environment

A University of Maryland: Founded on the conviction that failures are governed by
fundamental processes (mechanical, electrical, thermal, chemical, radiation) that
initiate when the applied stress exceeds the material strength

NASA-JPL: Modeling of failure mechanisms, based on science/
engineering first principles, that support deterministic or
probabilistic predictions of reliability and provide a scientific basis
for determining the effectiveness of screens or inspections

>
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Physics of Failure (PoF) Modeling
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Physics of Failure (cont.)

A Relilability iIis the measure of a
c éperform the specified function
c éat the customer (with their us:¢
c eover the desired Iifeti me

A Physics of failure therefore requires an understanding of the

design, desired lifetime and use environment
¢ Design: Architecture + Materials
¢ Desired lifetime: When the customer will be satisfied

¢ Use environment: Must include assembly, transportation, storage,
operation

A Translation: PoF takes more effort
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Examples: Desired Lifetime

> > >» >» >» >» I>» >» I>» I>» I>» >

Low-End Consumer Products (Toys, etc.)
¢ Do they ever work?

Cell Phones: 18 to 36 months
Laptop Computers: 24 to 36 months
Desktop Computers: 24 to 60 months
Medical (External): 5to 10 years
Medical (Internal): [/ years
High-End Servers: 7 to 10 years
Industrial Controls: 7 to 15 years
Appliances: 7 to 15 years
Automotive: 10 to 15 years (warranty)
Avionics (Civil): 10 to 20 years
Avionics (Military): 10 to 30 years
Telecommunications: 10 to 30 years

5110 Roanoke Place, Suite 101, College Park, Maryland 20740
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ldentifying the Field Environment

A Temperature Cycling
i Tmax, Tmin, dwell, ramp times
A Sustained Temperature
I T and exposure time
A Humidity
i Controlled, condensation
A Corrosion
i Salt, corrosive gases (£ ktc.)
A Power cycling
i Duty cycles, power dissipation
A Electrical Loads
i Voltage, current, current density
I Static and transient
A Electrical Noise
A Mechanical Bending (Static and Cyclic)
I Boardlevel strain
A Random Vibration
I PSD, exposure time, kurtosis
A Harmonic Vibration
I G and frequency
A Mechanical shock
I G, wave form, # of events

Temperature (°C)

G*2/Hz

Ayionics
Fan

Jet Engines

- Instrument Panel

L Console (AEMD*

EE Bay (AEN)*
EE Bay Air

Frequency (Hz)
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Environments: Transportation / Storage

Container and Ambient Temperature

75.0

— Container Temp (°C)

Te m p . — Qutdoor Temp (°C)

65.0 a |

Variation ) ﬁ " ﬁ | || | | ﬂ

Trucking
Container

Temperature (°C)
N
a1
o

WU Ll

25.0

15.0

0 50 100 150 200 250 300 350 400 450
Hours
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o 100%
Humidity 00%
Variation 80%

70%

Trucking o
Container s %
40%
30%
20%
10%

0%

Container and Ambient Relative Humidity

IE——

-

— INT. %RH
— EXT %RH
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What is Screening?

A The purpose of screening Is to detect life-
limiting defects before they reach the
customer

A Types of screens
¢ Functional Testing (FCT)
Burn-In
Mechanism-specific
Highly Accelerated Stress Screening (HASS)
Environmental Stress Screening (ESS)
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Four Rules of Stress Screening

>

Functional testing must be performed in-situ, during the screen

¢ Ramp times and dwell times should be sufficiently long enough to
ensure a complete diagnostic

¢ Itis essential that the product being tested be fully exercised and
monitored for problem detection

The duration of the screen should be as short as possible
¢ May require periodic adjustment

Stress levels must be effective, but neither damage good product
nor significantly reduce product life

Monitor results to determine effectiveness of screen
¢ Adjust stress screen as necessary

5110 Roanoke Place, Suite 101, College Park, Maryland 20740
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Stress Screening

A Stress Screening is a closed-loop, 4 step process:
¢ Precipitation
¢ Detection
¢ Failure Analysis (root cause)
¢ Corrective Action

A All four process steps
necessary for successful
screening program

¢ Just breaking and fixing

IS only first step

¢ Without proper failure Time
analysis, real ri sk of nAwal ki ng

Failure Rate
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A Detection screen
¢ Conducted between specified environmental limits
¢ Detects life-limiting defects

A Precipitation screen
¢ Conducted beyond specified environmental limits

¢ Precipitates defects (testing beyond operating limits
may prevent detection)

5110 Roanoke Place, Suite 101, College Park, Maryland 20740
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Burn-in

A A screen consisting of a constant
temperature with applied voltage

¢ Originally derived when military had problems
obtaining consistently good guality
semiconductors

¢ Improvements in quality and reliability of
semiconductors have made this type of screen
obsolete
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Mechanisaspecific

A Typically initiated after significant field issue

¢ Purpose is to regain confidence in supply chain or
manufacturing process

¢ Applied for a limited time period

A Wider range of potential stresses
¢ Mechanical shock, temperature/numidity/bias, etc.

A Should be based on a physics-of-failure approach

¢ Screen should be long enough to precipitate the defect that
Initiated the field issue without removing significant life
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HASS

A HASS requires a prior, proper HALT
¢ ldentifies margins and provides opportunity to expand margins

¢ If only small margins exist (field vs destruct), then product is not
screenable using HASS

A HASS consists of thermal cycling

¢ Itis recommended to combine six-axis vibration, tickle vibration,
power cycling, other stresses with thermal

A Proof-of-screen is a must
¢ Prove validity of selected screen regimen
¢ Ensure no significant damage to good product
¢ Ensure minimal useful life has been removed

5110 Roanoke Place, Suite 101, College Park, Maryland 20740

Phone (301) 4790607 Fax (240) 7570053
© 2004 - 2009 www.DfRSolutions.com




HASS: Proebf-Screen

A Run for X times more than proposed screen

c If no failures, one screen will leave a minimum of
17 1/x life left in the product.

A Recommendation: Test for a minimum of 20
times the proposed screen length.

¢ A failure after 20 HASS screens tells us that one
screen will leave the product with 1 7 1/20 or 95%
of its life
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ESS

A In Industry, typically not designed to
precipitate

A Thermal cycling between specified operating
limits
¢ Sometimes includes vibration

A Most common parameters

¢ 21to 10 cycles
¢ At least one fast ramp, one slow ramp
¢ Combined with power cycling
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A There are mathematical models provided for
determining ESS parameters or
Oeffectivenesso

¢ Some of these models are based on PoF
¢ Some are empirical or statistical in nature

A Examples
¢ MIL-HDBK-344A
¢ Hughes SDO Model per RADC-TR-86-149
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Can PoF improve ESS?

Failure Rate

0%

2 K> D 4‘

© 2004 - 2009

Time
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Can PoF improve ESS? (cont.)

A Can be challenging
A Most al gorithmsf rasesdou sda a@t cee f

Wearout
(design-driven)

Failure Rate

Infant Mortality
(defect-driven)

Time
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How to use PoF in ESS?

A Calculation of relative screening level

A Calculation of life used / remaining life (Procedure
A4 in MIL-HDBK-344A)
¢ Thermo-mechanical fatigue of solder ~ DT?
¢ Mechanical fatigue of copper =~ G°%4
¢ Electromigration of aluminum =~ exp(0.7eV/KT)

A Note: To be most effective,
calculated from the product design life, not just the
mission profile
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A MIL-HDBK-344A calculates life strictly from mission

profile

¢ Actual life consumed
may be far less base
on the design life
(PoF simulation)

A Options for ESS

Temperature Cycling [B = 2.5]

d N = No. of Cycles
S = Temperature Range
B = Thermal Fatigue Exponent

Life(L} ESS(E)
N| = 7300 NE = 50
SL =30 SE =120
BL=25 Be=25
DL = NLS Bt DE = NESgBE
DL = (7300)(30)2-5 DE = (50)(120)2-5
D = 35,885,372 Dg = 7,887,205
De
% of useful life consumed by ESS = D_L = 21.9%

¢ Stress to the equivalent of one (1) year of operation

(satellite)

¢ Stress to the equivalent of X number of launches

(manned flight)
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Anl am very I nterested
relative to optimizing environmental stress
screening. What data is available to prove the

adeqguacy/ effi cacy of n
| evel so for ther mal an
you have anything that validates the levels In
Mil-hnbk-344 or Mil-Std-1540, or Tri-services
Best Practices, et al, would be very

\

|l nt erested. O
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Desired Lifetime (IC Wearout)

1000 Process Variability

confidence bounds
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Service 10
: Computers
life, yrs.

laptop/palm
1.0} cell phones
Technology
0.1 0.5mMnm . 025mm ~ 130nm =~ 65nm _ 35nm
1995 2005 2015

Year produced
Known trends for TDDB, EM and HCI degradation

(ref: extrapolated from ITRS roadmap) _
(courtesy of J. Bernstein, UMD)

5110 Roanoke Place, Suite 101, College Park, Maryland 20740

Phone (301) 4790607 Fax (240) 7570053
© 2004 - 2009 www.DfRSolutions.com




Desired Lifetime (Capacitor Wearout

Normal Percentile

0.1 1 10 100 1000 10000

Time to Failure/ mins

-------

>

Ceramic chip capacitors with high capacitance / volume (C/V) ratios
¢ Canfailin less than one year when operated at rated voltage and temperature
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Performance Needs

A Higher frequencies and data transfer rates
¢ Lower resistance-capacitance (RC) constants

A Higher densities
c More Iinside less

A Lower voltage, but higher current
¢ Joule heating is I’R

A Has resulted in less robust package designs
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A Elimination of leaded devices
¢ Provides lower RC and higher package densities

¢ Reduces compliance

-40 to 125C

Cycles to failure

© 2004 - 2009

Die Bond Wire (Au) F'EGNE p EG.I‘!'\
Lead Frame Plastic Mold
N MCmpound Wire bard Mol goenpound
~Dia
w ) L2\
OFPG’O:S .::" e Laminata Seider ball
QFP: >10,000 BGA: 3,000 to 8,000
244 x 219

| Unit: mm
o e 4
B . Passvation  §0.

CSP / Flip Chip: <1,000

Exposed Gold Pad Semi-rigid 2-layer Laminat

QFN: 1,000 to 3,000
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A Design change: More silicon, less plastic
A Increases mismaitch in coefficient of thermal

expansion (CTE)

BOARD LEVEL ASSEMBLY AND RELIABILITY
CONSIDERATIONS FOR QFN TYPE PACKAGES,
Ahmer Syed and WonJoon Kang, Amkor Technology.
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A Hotter devices
¢ Increases change in temperature (DT)

t, = DT

n =2 (SnPb)
n = 2.3 (SnNICu)
n=2.7 (SnAgCu)

10000

9000 \\
8000

7000 n \
6000
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4000

3000

A
A \ A
2000 a

Characteristic Life (Cycles to Failure)

1000

0

0 50 100

Change in Temperature (°C)
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Initially driven by experiences during shipping and
transportation

Increasing importance with use of portable

electronic devices

¢ A surprising concern for portable medical devices

¢c FIl oor transitions (1 to 5 1nc

Environmental definitions

¢ Height or G levels

¢ Surface (e.g., concrete)

¢ Orientation (corner or face; all orientations or worst-case)
C

Number of drops
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Table 2a — Portable subassembly service condition test levels (English units)

Service Equivalent drop Velocity change  Peak acceleration Pulse duration
condition height (in) (in/s) (G) (ms)
max / reduced max / reduced max / reduced max / reduced
Pl 59 /32 214 /157 235 / 188 37/ 34
P2 51/28 199 /147 225 / 181 36 /33
P3 44 /24 184 /136 214 /173 35/32
P4 36/18 167 /118 199 /153 34/31
P5 30/12 152/96.3 188 /130 3.3/3.0
P6 24 /10 136/ 879 173 /123 32/29
P7 18/8 118/78.6 153/ 114 3.1/28
P8 12/6 96.3 / 68.1 130/102 3.0/2.7
P9 10/ 4 87.9/55.6 123 /87 29/26
P10 8/2 78.6 /39 114 /61 28/26
P11 6/2 68.1/39 102 /61 27/2.6
P12 4/1 55.6/28 87 /43 2.6/26
P13 3/1 48.1 /28 75743 26/26
P14 2/1 39.3/28 61/43 2.6/26

© 2004 - 2009

JESD22-B110A, Subassembly Mechanical Shock
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Mechanical Loads (Vibration)

A EXposure to vibration loads can result in
highly variable results

¢ Vibration loads can vary by orders of magnitude
(e.g., 0.001 g4/Hz to 1 g4/Hz)

¢ Time to failure is very sensitive to vibration loads
(t " W)
A Very broad range of vibration environments

¢ MIL-STD-810 lists 3 manufacturing categories, 8
transportation categories, 12 operational
categories, and 2 supplemental categories
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2. VIBRATION ENVIRONMENT S .cciieiisitsasis s ssmssisssas s s e s ssa s s s samsanas ssassas sessas snsnss 1
21 Manufacture/Maintenance. . 1
2.1.1 Category 1 - Manufacturing/Maintenance processes. ... 1
2.1.2 Category 2 - Shipping and handling. ..o 2
213 Category 3 - Environmental Stress Screen (ESS ). e 2
22 TN PO At O . oo 2
2.2.1 Category 4 - Truckftrailerftracked - restrained cargo. ... 3
222 Category 5 - Truck/trailerftracked - l00se CaIQ0. ..o 4
223 Category 6 - Truckitrailer/tracked - large assembly cargo. ... 4
224 Category T - AIrcraft - Jot. e e 5
225 Category 8 - Aircraft - propeller. e 5
226 Category 9 - Aircraft - helicopler. e 6
227 Category 10 - Ship - sUMECE SR, e e G
228 Category 11 - Railroad - train. ... 7
23 Operational SerVICE. .. e 7
2.3.1 Category 12 - Fixed wing aircraft - jetaircraft. ..o 7
232 Category 13 - Fixed wing aircraft - propeller aircraft. .. ]
233 Category 14 - Rotary wing aircraft - helicopler. ... 9
234 Category 15 — Aircraft stores — assembled, jetaireraft. . 10
235 Category 16 - Aircraft stores - materiel, jet aircraft. ..o 13
236 Category 17 - Aircraft stores - assembled/materiel, propeller aircraft.............................. 14
237 Category 18 - Aircraft stores - assembled/material, helicopter. ... 14
238 Category 19 - Missiles - Tactical missiles (free flight). 14
239 Category 20 - Ground vehicles - ground mobile.... e 15
2310 Category 21 - Watercraft - marine vehicles. ... 15
2311 Category 22 - Engines - turbine engines. ... 16
2312 Category 23 - Personnel - materiel carried bylon persennel. ... 16
24 Supplemental Consideralions. ... ettt 17
241 Category 24 - All materiel - minimum integrity test. s 17
2472 Category 25 - All vehicles - cantilevered external material. ... 1T
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Random Vibration (Exam

0.1 I I 10 g
| Curve break points are listed in table 514 5C-VII : IBEM Common-cartier truck

:I:N E I (L8 g rms
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FIGURE 514.5C-1. U. S. highway truck vibration exposure.
IBM random-vibration test profiles.
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Vibration (cont.)

A Vibration loads can be very complex
¢ Sinusoidal (g as function of frequency)
¢ Random (g2/Hz as a function of frequency)
¢ Sine over/on random
A Vibration loads can be multi-axis
Vibration can be damped or amplified
depending upon chassis/housing
¢ Transmissibility
Response of the electronics

will be dependent upon
attachments and stiffeners

A Peak loads can occur over
a range of frequencies
¢ Standard range: 20 to 2000 Hz
¢ Ultrasonic cleaning: 15 to 400 kHz

)

)
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http://www.compufab.com/Screw.aspx

Vibration (cont.)

A Failures primarily occur when peak loads
occur at similar frequencies as the natural
frequency of the product / design

A Natural frequencies
¢ Larger boards, simply supported: 6017 150 Hz
¢ Smaller boards, wedge locked: 200 T 500 Hz
¢ Gold wire bonds: 2k T 4kHz
¢ Aluminum wire bonds: >10kHz
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AUse standards whené

¢ Certain aspects of your environment are common
¢ No access to use environment

AMeasure whene
¢ Certain aspects of your environment are unique
¢ Strong relationship with customer

A Do not mistake test specifications for the
actual use environment

¢ Common mistake with vibration loads
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A Ceramic caps are typically not expected to experience
oOwearout o6 during nor mal oper af

t &,0 E 41 18

S AL aE

where t is time, V is voltage, T is temperature (K), nis a
constant (1.5 to 7), E, is an activation energy (1.3 to 1.5)
and Kg is Boltzman's constant (8.62 x 10> eV/K)

May be no longer applicable for next generation capacitors
with high capacitance per volume (C/V)

¢ Sub-2 micron dielectric thickness

¢ Greater than 350 layers (increased failure opportunity)
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DIfR (Electrolytic Capacitors)

A How do electrolytic capacitors fail?
¢ Evaporation of the liquid electrolyte

A Manufacturer integrity tests

¢ Performed at high temperatures (85°C, 105°C) for short
periods of time (1000 7 5000 hours)

A How to extrapolate to actual use conditions?

S0
L= Ll.(Vf‘J x 20 10

Vo

¢ L, =rated lifetime, V, = rated voltage, V, = actual voltage,
T, = rated temperature, T,= actual temperature

¢ Formula used by Panasonic, Hitachi, and Nichicon
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Step 7: End-of-Life Simulation

5110 Roanoke Place, Suite 101, College Park, Maryland 20740

Phone (301) 4790607 Fax (240) 7570053
© 2004 - 2009 www.DfRSolutions.com




Physics of Failure

A Based on how the product could fall (failure
models)

¢ Very important (need to avoid wearout)

A Requires extensive knowledge on use
environment

A Can be difficult to apply to the majority of the
life curve
cl nfant mort alsittayy eadn b ed;atv

¢ Uncertainty and inconsistency in incorporating the
Influence of defects
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Simulation for Enaf-Life Prediction

A What could experience wearout during the design
life?
¢ State-of-the-art integrated circuits w/sub 100 nm feature
size
A Dielectric breakdown, electromigration, hot carrier injection
¢ Capacitors (discussed previously)
A Electrolytic capacitors, state-of-the-art ceramic capacitors
¢ Relays / Switches
A No easily usable failure model
¢ Interconnects
A Plated through holes, solder joints
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Life Predictions of Integrated Circuit

A Rarely performed outside of the IC manufacturer
¢ Why?
A Information necessary to perform the calculations not
readily available
¢ Design parameters, materials
Al C manufacturero0s i1 ncorpor a
lifetime

¢ Can make available models widely inaccurate in regards to
absolute predictions

A Uncertainty in regards to the validity of extrapolating
from single acceleration factor

¢ Life tests often increase temperature, but maintain electrical
stresses constant
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Plated Througiole (PTH) Fatigue

A PTH fatigue is the
circumferential cracking of the
copper plating that forms the
PTH wall

A Driven by differential
expansion between the
copper plating (~17 ppm) and
the out-of-plane CTE of the
printed board (~70 ppm)

A Validated industry failure
model available

¢ IPC-TR-579
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IPC TRS5/9

ADetermine stress applied (
¢ Assumes perfectly elastic deformation when below yield

strength (Sy)
¢ Linear stress-strain relationship above Sy

o. —0o~ JATA-E_E
G:( E Cu) E—E Cu?fOIGi:S}, ol > 2'
ALE: +ALE, Ag :Z-(l” dy —d*
E. —E. | . -
|:(':I£_lDt(:u:]ﬂT_Syﬁ.jjkE:E:E]_:{:‘L1 Alfu :E_dz _(d_2t)2:|
G = — forg =S 4
AgEg + A Eg, ]

ADetermine strain range ( a&eU

o S c—S
Ae=——.foro <SS, Ae=—"—4+ Y,fDI‘G}S},
ECu ‘ ECu ECu
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IPC-TR-579 (cont.)

A Apply calibration constants

¢ Strain distribution factor, K (2.5 7 5.0)
A 2.5 recommended
¢ Quality index, K5(0 1 10) 10

Ageff — AE Kd K
Q

A Iteratively calculate cycles-to-failure (N;)

5

0.1785log
NZ26D275 10,9 Sy exp(Df) N Ae =0
E [ 0.36
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Assessment of IRCR-579

A Based on round-robin testing of 200,000 PTHs
¢ Performed between 1986 to 1988
¢ Hole diameters (250 pm to 500 pm)
¢ Board thicknesses (0.75 mm to 2.25 mm)
¢ Wall thickness (20 um and 32 pm)
A Advantages
¢ Analytical (calculation straightforward)
¢ Validated through testing
A Disadvantages
¢ No ownership
¢ Validation data is ~18 years old
¢ Unable to assess complex geometries (PTH spacing, PTH pads)
A Complex geometries tend to extend lifetime
¢ Difficult to assess effect of multiple temperature cycles
A Can be performed using Minerds Rul e
¢ Simplified assumptions (linear stress-strain above yield point)
¢ How does one determine the quality index in the design phase?
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PTH Quality Index

IPC-TR-579 IPC TR-579
Reference (Class 3 (Good[1] Smetana[2] Kobayashi[3] Goyal[4]
Product) Vendor)
Year 1988 1988 2002 2000 1997
Hole Diameter 0.25 mm 0.33 mm 0.34 mm 0.30 mm 0.35 mm
Plating Thickness 20 pum 32 um 25 um 30 um 25 um
Board Thickness 2.28 mm 228 mm 2.36 mm 1.5 mm 1.5 mm[E]
CTE (£ — axis) 70 ppm 83 ppm N/A 50 ppm 63 ppm
T, N/A 124 135:C N/A N/A
Quality Factor 0.6 0.8 0.9 0.72 0.75
-35 to 125 (50% 300 cycles
failure) (354 cycles) N/A N/A N/A N/A
-40 to 125 (50% 750 cycles
Faiive) N/A NIA (727 cycles) N/A N/A
-55 to 125 (50% 2190 cycles ~825 cycles
failure) N/A NIA N/A (2163 cycles) (832 cycles)
-65 to 125 (50% 371 cycles
failure) N/A (354 cycles) N/A N/A N/A

[1] Vendors were rated superior, good, marginal and poor
IR T Kobavashiand 5. Hayashida, 2000 ECTC Proceedings

Sy NNe) [5] Goyal tested PTH's with high, greater than 4, aspect ratios. § WA0¥2Z10)

Phone (301) 47490607 Fax (240) 7570053
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DfR 0 Solder Joints

A Falilure of solder joints Is

one of the primary wearout {:.,w””“?%i”
mechanisms Iin electronic 08 ¥,
Pro ducts - o~ .\4’» ﬁ
¢ Maybe changing K s

A Especially true in products
used outside of commercial/consumer
environments
¢ Longer required lifetime
¢ More severe operating conditions
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DfR and Solder Joint Reliability

A How do many companies currently ensure solder
joint reliablility during the design phase?
¢ Not performed
¢ Accelerated tests based on industrial/military standards

(MIL-STD-883, MIL-STD-810, JEDEC JESD-22, and IPC-
TM-650)

AThi s oO0benchmar ki ngdé does
correlation between time under test to time in the
field
¢ No acceleration factor
¢ Risk of over or under testing
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Solder Joints (cont.)

A How do nominal solder joints fail?

A Wearout

¢ Thermal cycling
A Changes in ambient temperature
A Power cycling

¢ Vibration/Cyclic Bending

¢ Combined

A Qverstress
¢ Mechanical shock
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Thermal Cycling

A Components most susceptible

¢ Leadless
A Chip components,
A Crystals, oscillators, filters
A Area array devices (BGA, CSP, COB)

¢ CTE mismatch between component and board
A Ceramic devices (resistors, alumina substrates)
A Devices with Alloy 42 leadframe

¢ Single-sided solder joints
A More sensitive to process variations
A Components of minimal concern
¢ Leaded devices with copper leadframe
¢ Double-sided insertion mount
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Stress Relief oy

A Axial diode

¢ Double-sided insertion
mount solder joint
¢ Temp. cycling of
-40 to 130°C
A Crack propagation

¢ Initially observed after
600 hrs

¢ No significant increase in
crack length after 1200
additional hours

1800 hrs
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