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Outline

o How Is Design for AffordabilitypfA) defined?

o What industry knowledge can be applied to the

Dol
o Design for Reliability
o Design for Manufacturability

o What forward-looking tools and processes are
available?

DIR Solutionso

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



WhyDfA& Leverage in Design
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95% of the O&S Cost Drivers are Based on Decisions Made during Design.

Source: Architectural Design for Reliability, R. Cranwell and R. Hunter, Sandia Labs, 1997 DfR SOlutiUnS

O

3110 Roancke Place, Suite 101, College Park, MD 20740 | 301-474-0607 | www.dfrsolutions.com



Design for Affordabilitf@

o Thedecisions made during the design and development
process greatly influence the ultimate life cycle costs
experienced by endisers.

o DfR Solutions defines DedignAffordability as a
comprehensive design strategy that includes:
o Design for Reliability (DfR)
o Design for Manufacturabilitip{M)
o Design for SupportabilitpfS

o DfA=_ 0OQYO™Qu 0QY
0 = Optimized Total Ownership Cost
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Presentation Overview

o The focus today is on DfR dntM because of their critical

iInfluences on both development and operations and supp
(O&S) cost.

o DIS Is planning ahead. Obsolescence management is a k

driver that also mitigates the risk of counterfeit parts.

o Best practices and lessons learned are well documented.
o Lessons learned from World War |l r | -

Video snippet permission to WJT for use in presentation
onyiiThe Col or of War o Fuelin
40:057 41:25) by the History Channel © 2001 A&E

Television Network

Orginally Presented by Walter Tomczykowski, ARINC at
the 2008 DMSMS Conference Luncheon Address.
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../../The Color of War, Vol. 3_Segment 1(00-40-03 - 00-41-23).mp4

How to tell if something was obsolete

During World War I Today

Daensbung Manulacturmg Sources
axd Material Slortages

4 Video capture permissionT i The Col or of Wa r S8
Fueling the Fire by the History Channel © 2001
A&E Television Network
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Outline

o What industry knowledge can be applied to the
Dol
o Design for Reliability
o Design for Manufacturability
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Sources of Industry Knowledge

Military / Avionics / Space Enterprise / Telecom / ATE Consumer / Appliance Industrial / Power

Lockheed Martin
Northrop Grumman
Boeing

General Dynamics
BAE Systems
Honeywell

Hamilton Sundstrand

Rockwell Collins

Government
NAVAIR

NASA
Air Force

Contract Manufacturers

Flextronics
Benchmark Electronics

Jabil
Gold Circuit Electronics
Viasystems

Cisco Systems
Huawel

Sun Microsystems
Motorola
AlcatetLucent
Juniper Networks
KLATencor

Auto / Transportation
General Motors
Caterpillar
Panasonic Automotive
TRW
Magna
Takata

Materials
Graftech
Nihon Superior

Dell Computers
Hewlett Packard
Apple

Fujitsu
Samsung

LG Electronics
Microsoft

Carrier

Portables
LG Electronics
Kyocera

Components
Samsung

General Electric
Siemens
Emerson Electric
Schlumberger
Ingersoll Rand
Danaher Motion
Olympus

Tyco Electronics

Medical
Philips Medical
Medtronic
Boston Scientific
Cardinal Health

Beckman Coulter

Fairchild SemiconductoBiotronik

International Rectifier

Nvidia
Amphenol
AMD

Cameron Health

Cardiac Science
Zoll Medical




Design Costs

1000 x

Cost Of Unreliability
2x More

CONCEPT DESIGN VALIDATION PRODUCTION

B 'deas/Sketches B Lost Market Share I warranty/Recall
I Engineering/Design [l Verification/Testing B Prototype Parts
I specs/Drawings I Lost Production
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Design Costs

0 2%
10% 0 15%

O Initial Design

o Traditional OEMs
spend almost 75%
of product development
costs on tedail-fix

0 Engineering
W Test/Failure/Fix Cycle

0 Demonstration

73%

o Electroni©OEMs that use design analyeisls shorten
or eliminate this feedback loop
o Hit development costs 82% more frequently
o Average 66% fewer respins
o Save up to $26,000 in Fspins

Gene Allen and Rick Jarman .Collaborative R&D; (New York John Wiley&Sons. Inc. 1999). 17.
Aberdeen Group, Printed Circuit Board Design Integrity: The Key to Successful PCB Development, 2007 http://new.marketwire.com/2.0/rel.jsp?id=730231 DfR Solutions
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>

>

Toyota's development enginebes/e been
4X as productive as U.S. counterparts.

Toyota Approach

Why?

¢ Focus on learning as much as possible

¢ Use of that knowledge to develop a stream of excellent products

Western engineers o Toyota engineers
o Define several product concepts o Efforts concentrated at lowest
o Select the one that has the most possible design level

promise o Thorough understanding of the

Draw up specifications and divide
them into subsystems;

Subsystems are designed, built and
rolled up for system testing.

Failures? Rework the specs and the
designs accordingly (n@ptimized
and confusing endeavor)

technology of a subsystem so it can
be used appropriately in future
designs

DIR Solutions
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Toyota Example: Radiators

o Traditional approach Design radiator for a specific vehicle based
on mechanical specifications written for that vehicle

o Toyota considers a range of radiator solutions based on cooling
capacities and the cooling demands of various engines that migt
be used.

o How the radiator actually fits into a vehicle would be kept loose so th
Toyota's knowledge of radiator technology could be used to create ftt
optimum design

o Toyota's system is "test & design" rather than the traditional "des
& test.”

o Toyota engineers test at the fundamental knowledge level so they d
have to test at the later, more expensive stages of design and

prototyping

DIR Solutions
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Why the Automotive Industry Is Using More Virtual Computer Aided Engineerin

o Growing complexity and vehicle electrification
promptinga major change in design processes

o Intense competitive pressure to improve efficiency
& effectiveness to shortenddvelopment cycles
and reducecosts.

o Thecombination of physical and virtual testing
accelerateshe product development process
by early identification of deficiencies.

o Physics based modemskes it easietio try out
new designssinceevaluations cahe performed
withoutbuilding physicgbrototypes.

o Simulations care created and rumn far less timé
cost than building and testing physical prototype
models can than be quickly revised to evaluatio
alternative configurations and option content.

DJIIN 501U llUIlSO
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Computer Aided Engineering Advancement Have Enabl
Reduced Dependence on Costly Phisidall2sting.

Test CAE-M&S

As the use of CAE based
modeling & simulation methods
increase, dependence on physical
testing can be reduced and
refocused.

By 2004 GM was able to reduce vehicle road testing to the point that the southern portion of their
Mesa Az. Proving Grounds was sold. In 2006 the remaining northern 5 square miles, that formerly
operated with 1,200 people, was sold for Real Estate Development.

GM now operates with a much smaller DPG in Yuma Az.
and realized a significant reduction in structural costs.

DIR Solutions
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Financial Risks

o Valuableprofimarginc an be | ost I f
warranty service cost Is raxtcuratelyaccountedor

Sun Microsystems

0 Over Or u n d er accru | n g Warranty Reserves (in months of claims)

for a companyﬁi H;Mofut
warranty liabilitycan §§§ - al g el
resultin misleading i —
financial reporting E; 7 2 ¢
Friedman, Billings, Ramsey & Co. 10 M ’IB:II 1 ‘0*—%:';%7
g t+——7rrt ettt

1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 4.5%

Warranty Accrual Rate (percent of sales)

Source: Warranty Week from SEC data

DIR Solutions

O

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



Warranty Risk

o Warranties are very persuasiv
marketing tools

o 0 Hy u n d &sic> guadruplex
overfour years becausef
affordable prices ancan

extended warran
New York Times, January 16, 2003

'-"_Im‘ﬁ-‘:n‘l’&‘ruv‘lcr!a;:-I::ri.?'=-

o Greater confidence in
prediction allows for greater |<
flexibility in warranty strategy "No, Iots take this battery,

It has a longer warranty.”

DIR Solutions
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Design RevieWetwork Switch

Manufacturer of network switches )
wanted to understand potential costs ¢
switch from 3/r warranty to
lifetime warranty

ldentified components that could experienearout

o Fans, electrolytic capacitors, integrated circuits, solder joints, plated through
holes, ceramic capacitors, connectors, LEDs, overstressed components

Performed circuit/thermal analysis to identify overstressed components
o Especially based on usage model (validated through internal DfR testing)

Predicted reliability for each component based on validated algorithms
o Primarily conducted through Sherl o
o Conducted component testing when necessary

DIR Solutions
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What idDesign for Reliability (DfR)?

o Reliabilityi s t he measure of
o eperform the specified f
o eat the customer (with t
o eover the desired | ifet]i

o Design for Reliablilitis aprocess for ensuring the
reliability of a product or system during the desig
stage before physical prototype

o Often part of an overall Design for ExcellenDéX)
strategy

DIR Solutionso
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WhyDfR?

o Product Differentiation

o Aselectronic technology reaches
maturity, there is lesgparation
In traditional metrics of price
and performance

o Ensuring reliabilitg
becoming increasingly difficult

o Increasing complexity of
electronic circuits

o Increasing power requirements

o Introduction of new component
and material technologies

o Introduction of less robust
components

DfR Solutions
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Failure Analysis of High PoweAD®ower Inverter

L TR

Catastrophic damage
to IGBT Module

Used knowledge of
electrical function to
trace damage path

Developed multiple
theories, including
defectivewirebonding

ldentified roofcause
as curreninbalanceat
elevated temperatures
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Reliability PredictiorPhysics of Failure

o Physics of FailureqF is theuse of science (physics,
chemistry, etc.) to capture an understanding of failur
mechanisms and evaluate useful life under actual
operatingconditions

o Originally developedoy Rome Air Development
Center(RADC)InN9 61 f or 1 ntegr a
o Movement to circuit card and higher level integration

initially limited by complexity, lack afearout
mechanisms

DIR Solutionso
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How to ImplemebfR

o Many organizations have develop&R Team®
speed implementation

o Success is dependent upon team composition and gat
functions

o ChallengesClassic design teams consist of
electrical and mechanical engineers trained in th
0O0science of successo

o DfR requireghe right elements @lersonneénd tools

DIR Solutionso
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What Team Members are Need&ifRr

Component engineer

Physics of failure expert (mechanical / materials)

Manufacturing engineer

o Box level (harness, wiring, boamdboard connections)

o Board / Assembly

Systems Engineer

Engineecognizant of environmental legislation

Thermakngineer (depending upon power requirements)

Reliabilityengineer

o Understanding of design guidelines, physics of failure,
and systems lifecycle engineering experience

DIR Solutionso
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>

>

DfRTimeline

[(Program Initiation)
Engineering and Manufacturing Producton and De
ployment
I]Eirelupmeri Dewem
FRP
Decision
Review

m"._*:E: Ovsgations s
Materiel F'c-st—F'DR PostCDR
Development Decision Assessment Assessment
h Pre-Systems Acguisition j\ Systemsﬂ.cqmsmun J I. Sustainment ]
:@@@0 <>
| I
R'g’;:?‘ E(_‘ Ramp Up : FrL—a(::—1r:- & I:Productlon
: : Start-Up :
: ’-—'jm—&atf% Final Check L dit | .
k ~ Functional
Submission "I Performance
_ o |, Design for
Goal: Simultaneously optimizing the ‘ Reliability ‘
desian . Design for
g_ - _ o | Manufacture
Reality: Need for specific gating activities | Design for
(design reviews) sourcing

DIR Solutions
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DfROverview

o DfR at Concept / BloeRiagram Stage
o Specifications

o Part(Vendor) selection
o Benchmarking
o Deratingand uprating

o Design for Manufacturability
o Reliablility is only as good as what you make

o Wearoutmechanisms and physics of failure
o Predi cting degradati on I

DIR Solutionso
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Concept / Block Diagram

o Can DfR mistakes occur at this stage?
o Noéeé..and Yes

o Fallure to capture and understand product
specifications at this stage lays the groundwork for
future development mistakes

o Important specifications to capture at concept stage
o Reliabilityexpectations
o Use environment
o Dimensional constraints

DIR Solutionso
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ReliabilityGoals

o Typical reliabilitymetrics
o DesiredLifetime / Product Performance

o Desired lifetime
o Defined as when the customer will be satisfied

o Should be actively used in development of part and produc
gualification

o Product performance
o Returns during the warranty period

o Survivability over lifetime at a set confidence level
o Tryto avoid MTBF dMTTF

DIR Solutions
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Failure Rate

Why is Desired Lifetime Important?

Electronics: Today and the Future
Electronics: 1960s, 1970s, 1980s Wearout!
No wearout!
Time
DfR Solutions
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PoF and Wearout

o What is susceptible to loigrm degradation in electronic designs?
o Ceramic Capacitors (oxygen vacancy migration)
o Integrated Circuits (EM, TDDB, HCI, NBTI)
o MemoryDevices (limited write cycles, read times)
o Electrolytic Capacitors (electrolgeaporation)
o Resistors (if impropertierated)
o SilverBasedPlatingqif exposed to corrosive environments)
o Relays and other Electromechanical Components
o Light Emitting Diodes (LEDs) and Laser Diodes
o Connectorgstress relaxation)
o TinWhiskers
o Interconnec({€reep, Fatigue)
o Plated through holes
o Solder joints

DIR Solutions
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AUTOMATED DESIGN ANALYSIS

IC Reliability Prediction Tool
[(Part_| Model | Test | Help |

Enter the identification information for the 1C to he analzed:

Part Manufacturer |Nati0na| Semi |
Part Number |ADC1 245021 |
Part Description |453-DD 001 |
Production Years |0ver 5 Years | - |

Selectthe technology node ofthe |C to be anahzed:

Node Size @

Enter the guantity of each fun
each functional group can typ
in a description of the cormpoy View

sample & Hold ) Unrehiability | Failure Rate

Bic Reliability Prediction Results

EE)X

PreAmp @ Generic IC Manufacturer / TEST-IC-001 / Unreliability
1st Stage Comparator| 0.0070
2nd Stage Comparatol 0.0085
SRAM (bits) @ 0.0060
DRAM (bits) @ 0.0055
Ring Oscillator (staged 0.0050
0.0045
=
S 00040
s
2 nooas
o

0.0030

0.0025

0.0020

0.0015

0.0010

0.0008

= Combined
—TDDB
~EM
==HCI

MBTI

0.0000 T T T T T
1 10
Time (Years)

erlock: I'®/earout

o Inputs:
o Component information
o Feature size
o Functional groups
o Testresults
o Operating conditions
System Information

o Temperature
profiles

o Duty cycle
o Confidence level

(@)

o Outputs:
o Device reliability
o Device failurgate

DfR Solutions

reliability designed, reliability delivered o




Product Performance: Survivability

o Some companies set reliability goals based on
survivability

o Often bounded by confidence levels
o Example: 95% reliability with 90% confidence over 15 year

o Advantages
o Helps set bounds on test time and sample size

o Does not assume a failure rate behavior (decreasing,
Increasing, steadygtate)

o Disadvantages

o Can be reinterpreted through mean time to failure (MTTF) ¢
mean time between failures (MTBF)

DIR Solutionso
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Limitations of MTTF/MTBF

o MTBF/MTTF calculations tend to assume that failures ar
random In nature
o Provides no motivation for failure avoidance

o Easyto manipulate numbers
o Tweaks are made to reach desired MTBF
o E.g., quality factors for each component are modified

o Often misinterpreted
o 50K hour MTB#oes not meano failures in 50K hours

o Betterfit towards logistics and procurement, not failure
avoidance

DIR Solutionso
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Field Environment (Best Practice)

o Use standards whene
o Certain aspects of your environment are common
o NoO access to use environment

o Measurevh e n é
o Certain aspects of your environment are unique
o Strong relationship with customer

o Donot mistake test specifications for the actual use
environment
o Common mistake with vibration loads

DIR Solutionso
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Part Selection

o The process of creating the bill of materials (BOI
during the Ovirtual 0o c

o Before physical layout

o For some companies, this is during the creation
the approved vendor list (AVL)

o DesigAndependent

DIR Solutions
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Part Selection (cont.)

o KIS: Keep it Simple
o New component technology can be very attractive
o Not always appropriate for higheliability systems
o Beconservative

o Reality: Marketing hypfar exceedsactual
Implementation

o Component manufacturers typically use portable sales
boost numbers

o Clam We have built 10060s
components without a single return!

o Actuality All sales were to two cell phone customers w
lifetimes of 18 months

DIR Solutionso
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Part Selection (cont.)

o Even when used byt@l companies, some
modifications may have been made

o Example Stateof-the-art crystal oscillator required
specialized assembly to avoid failures one to three years
later in the field

o Prior examples of where care should have been take
o New technologies: X5R dielectdf;diodes, etc.
o New packaging: Quad flat pack no lead (QFN), 0201, etc

o Critical actions for part selection include critical

component identification aal@rating

DIR Solutionso
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Component Ratings

o Definition

o A specification provided by
component manufacturers the
guides the user as to the
appropriate range of stresses
over which the component is
guaranteed to function

o Typicalparameters
o Voltage
o Current
o Power
o Temperature

MSP430FG43x
MIXED SIGNAL MICROCONTROLLER
SLAS3608 — APRIL 2004 — REVISED JUNE 2007
absolute maximum ratings over operating free-air temperature (unless otherwise noted)t
Voltage applied at Ve 10 Vag ..ottt aa i eas -03ViodV
Voltage applied toany pin (see Note) ..........ccooviiiiiiiiiiiriairiirannianas -0.3VioVgc+03V
Diode curment atany device ferminal . . ...... . ... ..iiiiiiiiiiiiiiiiiiiiiiiiecciiaaaaaaan +2 mA
Storage temperature, ng, (unprogrammed deviCe) ..........ccciciicisariirsnsasnans -55°C to 150°C
(programmed device) ............ . —40°C 10 85°C
1 Sresses beyond those Ested under “absoluls Maximum raiings™ "‘”"mpummwnum» ﬂmmmmuﬂyw
functional operaion of the device at thess or any ofher " is not
impiied 10 absolube rated Mm ehabiny
NOTE: Mmm«muvﬁmmmmmm g 4 atsohite rating. The voltage is applied

1o the TDUTCLK pin when blowing the JTAG fuss.
recommended operating conditions

MIN NOM MAX | UNITS
Supply voltage during program {see Note 1), Vg (AVec = DViccas = Vico) 18 a6 v
Supply voRags JUFng program éwecution. SYS enabied. PORON=1 2 16 v
{see Note 1 and Note 2). Vo (AVce = Vecae = Voo
Supply voltage during Bash memorny programming (see Note 1),
27 38 v
Ve (Avice = DViege = Viee)
Supply voltage, Vgs (AVgs = DVgsp = Vas) [+] o v
Operating fres-air lempsrature rangs, Ty —40 85 °C
IGBT MODULE (U series)
600V / 100A / PIM
W Features
Low Ves(sat)
Compact Package
P.C. Board Mount Module
Converter Diode Bridge Dynamic Brake Circuit
B Maximum ratings and characteristics
@ Absolute maximum ratings (Te=26°C unless otherwise specified)
tem. Symbol | Condition Rating Unit
Collector-Emitter voltage Vees 800
Gate-Emitter voltage Vaes 220 v
e Contnuous 100 A
£ | cotector currant cp 1ms 200 A
3 -c 100 A
-lc puise ims 200
P | 1device 378 w
Vees 600 v
Voes 220 v
k Continuous. 50 A
lep ims 100 A
Pc 187 w
Vazw 600 v
VRaM 800 v
b OHZ/B0Hz sine w 100 A
= Tj=150°C, 10ms 700 A
R half sine wave 2450 A’s
T +150 <
Tw 40104125 c
A Vo AC T minute AC 2500 v
| AC 2500 v
| 35 %1 Nm
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Derating

o Derating is the practice of limiting stress on electronic parts to levels
bel ow the manufacturerodos speci

o Guidelines can vary based upon environment
(0Osevere, protected, nor mal 6 o1

o One of the most common design for reliability (DfR) methods

o Goals of derating
o Maintain critical parameters during operation (i.e., functionality)
o Provide a margin of safety from deviant lots
o Achieve desired operating life (i.e., reliability)

o Sources of derating guidelines
o Governmental organizations an parties
o OEMO s
o Component manufacturers

o Derating is assessed through component stress analysis

DIR Solutions
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Criticality of Component Stress Analysis

o Fallure to perform component stress analysis c
result in higher warranty costs, potential recalls

o Eventual costs can be in the millions of dollars

o Perspective from Chief Technologist at major
Original Design Manufacturer (ODM)

Oébased on our experi e
significant number of field returns, and the majori
of notroublefounds (NTFs), are related to

overstressed component

DIR Solutionso
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The Foundation of Derating

o To be effective, derating must have a practical and scientific
foundation

o Probl em: Manufacturerds ratin
practical and scientific foundation

o Manufacturerso viewpoint

o Ratings are based on specific design rules based on materials,
process, and reliability testing

o The reality

o Ratings can be driven by tradition and market forces as much as
science

o Best practice
o Based on data from field returns
o Based on test to failure qualification (especially for new suppliers

DIR Solutions
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Design for Manufacturabllity [DfM)

DfR Solutionso
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DfM

o Definition

o The process of ensuring a design can be consistently
manufactured by the designated supply chain with a
minimum number of defects

o Requirements

o An understanding of best practices (what fails during
manufacturing?)

o An understanding of the limitations of the suppain

DIR Solutions

O

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



DfMFailures

o DfMis often overlooked in the desigrocess

o Reasons
o Design team often has poor insight into supipdyn
o OEM requests no feedback bfiM from supply chain
o DfMfeedback consists of standard rule checks (no
Insight)
o DfM activities at the OEM are not standardized or
distributed

DIR Solutionso
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Exampl®fMChecklist

Baseline o Assembly
o Your design matches their o Elimination of hand soldering or

capabilities (75% QgWs&oRidringvRe? polSsiole

o Design is transferable o Proximity of components to flex

Bare Board points

o Trace width andpacings o Component spacing

o Laminate material o Size of components and

o Symmetry oftackup complexity of packaging

o Complexity of via connections o Orientation of components to

o Incorporation of new materials wave solder

(embedded passives) o Shadowing during wave solder

o Singlesided vs. doublsided o Appropriate dimensions and

System spacings for PTHs and bond pads

o Blind connections o Attachment methods

o Z dimension limitations o Moisture sensitivity level (MSL)
DfR Solutions
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o How Is Design for AffordabilitypfA) defined?

o What industry knowledge can be applied to the

Dol
o Design for Reliabllity
o Design for Manufacturability

o What forward-looking tools and processes are
available?

DfR Solutionso
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PrePerry Memo

o What was life like before the Perry Memo?
o Almost 50,000 standards and specifications

o Controlled almost all aspects of design,
manufacturing, and qualification

o Allowed theDoDto effectively
oowno the desig

o Created segmentation between
the commercial and military
markets

Poston, Alan, (2003), "The current state of human factors standardization”, Gateway, Human Systems Information Analysis Center, v 14, no. 2:1
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Perry Meme Consequences

o Resul ted I n dramati ¢c 1 ncr e

o Field performance (sustainment) was kept separate from
program costs

o Resulted in misguided program motivation

o Without DoD guidance or skilled personnel, segmentation ¢
approaches to ensure reliability/availability/maintainability
(RAM)

o Continued use of outdated specifications (push and pull)

o Reduction in weapon system reliability performance

DIR Solutionso
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Defense Science Board Report (Summer 2008)

Demonstrated Reliability vs Requirements for All

o Problems during Development

o Half of DoDProgramsfail Initial
Operational Test & Evaluation

o Reliability deficiencies primary shortfall
o Introduce significant program delays

Demonstrated MTB_

o Problems in Field

o More than Half ofDoD Programsfail Fighter Aircraft Lifecycle Costs
to meet reliability requirements < | RoTSE

o Increasing sustainment costs by 2% [ Procurement
30-60% B o<

DSB Recommendation:
AUpfront I nvestment in Robust Reliabil:i

DIR Solutionso
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MILHDBK338B Reliability Actions Checgkligtii2)

DESICHN TITLE NLEEEE Motes
Fesponsibility &
Mo,  Dean Commplated Dasign Falisbality Copmmants
1. Jydem Consramis i x
a Suecess Cotena T X
b. Ernrorments] Streszes D Wl
¢ Cempatbility Facters D | ¥ !
d. User Sl Lewels T X |
2. Feaahiity Study T, X
3. Ralahiity Appochorment : E,
4  Prelmmry Ralehlity Feview D | E |
il TradeCff Shadies T X
f.  Funcbonal Schematics D | ¥ |
7. Hock D1 D | X |
B Cause and Efiect Analysis D | X |
9. Worst Case Analyac o | x|
10,  Subsysters and Equipment Feliabiliby Frechchon [ |
a_Part Failure Fate Method D X
b. Safety Margn Method D! |
e Drift Fate and Tolerance Method T | X!
1. Intermechaie Design Fewew T | E |
12.  Tumel Cyole Fecording Fequireners T ¥
13.  Failume Feporting Fequiremenic D X |
14  Senalimtom Fegurements T | X |
15.  Promement Specfiation Fenew [ E |
16.  Yendor Proposl Feview [ E |
B~ Prare Acion by Desi check off, sign ard date Eleted
- Egl - = R i o .
F. -Prme &chon bFRelEElerlﬁl__,r En;jnaer-g':nkﬂﬂ sgn and date as completed.
¥ -Check by Felizhility Engireer - mitial and date.

DI 01U llUI]SO
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MIL-HDBK338B Rellablllty Actions Cherell.)ﬁtll-Z continuec

DESICN TITLE NUMEEE. Motes
Respongbility &
Mo, Tem Coanplated Desan Faliabality Conuments
17, Sonarow Selection Feview | El
18,  Parks Selection and Application Review ol % |
19, Faliability Signofi - Top Assyr G Inct Duwgs | R |
20,  Vendor Design Review | R!
21,  Critiml Design Faviaw D R
2. Process Controls D! x!
27 Mamubachering Frosdum Centrols ! %!
24 Chualification Tect Raviaw T, X,
25 Acoptance Test Feview D, x|
%. Integration Test Feview o, x|
27 Faliahility Demonstration Test Fawview D x|
28, Swdem st 1 |
a. Test Fapumsrnrents Feviewr D x|
b, Test Flans Favesw D | x|
¢ Faligbility Tects | R |
29, Falahility Sunurnary Sheet | R |

CODE

Dr - Prme Action by Designer - chedk off, aign anﬂ_dateasmrgk
E- Pmﬂﬁiﬂlh;ﬂdlﬁ!Eﬂﬂmr-&tﬂc& sign andl clate a< complated.
X = Chadk by Beliakahity Engineer - initial and date

DIR Solutions

O

3110 Roancke Place, Suite 101, College Park, MD 20740 | 301-474-0607 | www.dfrsolutions.com



Classic Preliminary Design Rewii@ésss Figure 7.12)

DESIGN REVIEW
AGENDA
(EELLAZILITYS

'

DEFINE

E‘q‘.";Ll;iﬂAE'TE
MES
& TASES

]

[

P

\fkb.‘-\..«TE
y

EEVIEWER
PFREFARE
FOR REVIEW

¥

B[ acousmon

MANAGER

CONDLETS
LESIGN REVIEW

@ -
Fi

COVERNMENT
APFROVES

DESIG

ASEIG
ACTION TTEME
PO FOLLOW. LT
REVIEW

Design review requirements are
established

Agenda prepared and distributed

Data requirements and tasks
defined

Design team prepares for design
Review team prepares for review
Design review

Review team approves or
disapprove design

Action items as needed

DIR Solutions
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What (traditionally) Happens Next

o Thedevelopment continues to critical design review
o Development Test and Evaluation (DT&E)
o Initial Operational Test and Evaluation (OT&E)

(Program
A B\ Initiation) C 10C FOC
Materiel Engineering and
Solution | _Yechnology Manutactuting Production & OpeEmitne &
Analysis | Pevelopment Development Deployment YPROS
Beifamen SO Lwenotss ) fetamen
\ Pre-Systems Acquisition /" \ Systems Acquisition » \_ Sustainment

0= Decision Point  /\= Milestone Review {: = Decision Point if PDR is not conducted before Milestone B

o System Reliability not meeting requirements
o Reliability growth test reliability improvement

DIR Solutionso
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When is the System Addressed ?

LDESICH TITLE WNUMEEE. Totes
Fasponsbility &
W \ Coopmpdated Dasign Faliskility Cormanants

¢ Sysem l'.'_'-:u_*slfan}t )

b. Ermnrorments] Shesses

- Al T T

el L] ] L]

e o s

I
I
|
|

Collaboration i1s Needed Here!

; %miﬂ: 5 | |
a Trerrenis Fawisw D = |
b, Tast Fluns Favsew D x|
¢ Faliability Tests | E |
29, Falmkiliby Sunuomany Sheet | E |

CODE

D - Prme Achon by Designer - check off, anﬂ_dateasulgktai

E = Puana MhEMﬁIEnghmr-%cﬂJ sign andl clate a< complated.
X = Clhack by Raliakility Engineer - initial and date,

DIR Solutionso
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Looking Forward

o TheDoDhas swung from O0owni ngQq
design to having very limited input into
the design

o 10 avoid the above extremes, the
commercial world seeks a balanced
approach

o Motivated byoutsourcing of design
and establishment glystem integrators

o T0 be successful, requires assessing
RAM at early stages

Best-in-C|l ass ORent 6 the DesChpn f

AnRent the Designo = Col
DfR Solutionso
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Renting the Design: Laptop (Case Study)

L e {1100 VAR =N |
J ,.,l,quU,x,uuAu,.AJuLLi,fb,ummﬂn~,uu,,.m,,.;nm,,,L,l AL,

o Computer OEMs have aggressively move towards using original desic
manufacturers (ODMSs)

o OEMSs, like Dell/HP, no longer design (just like DoD)
o However, OEMs are still actively engaged in the design process

DIR Solutions
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Renting the Design (cont.)

o OEM / ODM work together to ﬁ\\.
identify next generation technology’—" S T
and quantify potential risks AN

‘\ o OEMSs designate suppliers of critical
{ components / assemblies

o Hard drive, power supplies, fans,
microprocessor, etc.

o Require qualification of alternates;
savings are shared by OEM / ODM

DIR Solutionso
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Renting the Design (cont.)

o OEMs actively assess design and sourcing at
multiple stages
o Thermal / mechanical review at btevel

o Reliability assessment performed at ekl (MTBF calculations
ISnot an acceptable metr)c

o Thi' s O0over the shao
minimizes cost and schedule while
ensuring adequate RAM
o Lessons learned at OH®&4el stay

captured and can be distributed to
new ODMs as they come online

DIR Solutions
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AUTOMATED DESIGN ANALYSIS

a Sherlock

Project CircuitCard File Analysis Results Tools Seitings Help

» (&5 Antilock Braking System
» (& Heart Pump
» (& HVAC Controller
» [ Keyfob
» (& Network Switch
» (& Satellite Communication
» (& Solar Inverter
v (& Thrust Reverser
¥ e Life Cycle

v 5] Phase 1
# " 1-Mechanical Shock .
& 2 -Flight Thermal Cycle

& 3-Diurnal Profile
4 - In flight Random Vibration
» @ Project Results

e AUTOMATED DESIGN ANALYSIS
>Q|nputs

» @ Analysis
» @ Results
» B CONTROLLER

DfR Solutions
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AUTOMATED DESIGN ANALYSIS

a Sherlock Life Cycle Editor
Project CircuitCard File Analysis Results Tools Seitings Help ) ) .

Modify any of the following properties and press the Save bulton to update the

> ﬁ Antilock Braking System current life cycle for this project. Press the Load Life Cycle button to load a

S ﬁ Heart Pump 3 different life cycle from the file system or the Save Life Cycle bulton save the
current life cycle in a named file. Life cycle files can be used in other projects

> HVAC Controller

ﬁ andfior shared with other Sherlock users.
» [ Keyfob
» (&5 Network Switch Identification

» (& Satellite Communication

> ﬁ Solar Inverter Name: | Life Cycle

v (& Thrust Reverser Description:
¥ @ Life Cycle
v 5] Phase 1
# " 1-Mechanical Shock Reliability Goals
# 2 -Flight Thermal Cycle
& 3-Diurnal Profile Reliability Metric: Prob. of Failure (%)
4 - In flight Random Vibration Service Life (years): 20 |
> @ Project Results Prob. of Failure (%)
AU TS e
» @ Files MTEF {hours)
> Q Inputs FITs {1E8 hrs)
> QAnaIysis FITs [1E2 hrs)

> Q Results
» B CONTROLLER

o Compatible with wide variety of reliability metrics

DfR Solutions
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AUTOMATED DESIGN ANALYSIS

Specify Environmen

a Sherlock

Project CircuitCard File Analysis Results Tools

Seltings Help

» (&5 Antilock Braking System
» (& Heart Pump
» (& HVAC Controller
» [ Keyfob
» (& Network Switch
» (& Satellite Communication
» (&5 Solar Inverter
v (& Thrust Reverser
¥ @ Life Cycle
v 5] Phase 1
# " 1-Mechanical Shock
& 2 -Flight Thermal Cycle
& 3-Diurnal Profile
4 -In flight Random Vibration
» @ Project Results
2Z} Annunciator

» @ Files
» @ Inputs
» @ Analysis
> Q Results
» BEf CONTROLLER

Temperature (C)

Thermal Event Editor

Identification

Description:

Modify any of the following properties and press the Save button to update
the current Thermal Event.

- Shock Pulse Profile

Composite Shock Pulse

Name:

2 - Flight Thermal Cycle

Thermal Event Settings

#of Cycles: | 730 PER YEAR -

Thermal Profile

25

Profile #1

Load Profile .. Edit Profile ... Save Profile ...

100 125 150 175 200 226 250
Time (min)

:

T B 9 1011 12 1314 15 98 17 18 W0 20
Time (ms)

2

Load Profile ... Edit Profile ... Save Profile ...
sop
AN WA

Random Vibe Profile

Operation_Random_Radial6

Amplitude (G2/Hz)

1500 2,000
Frequency (H2)

2500 3.000

Load Profile ... Edit Profile ... Save Profile ..

[ save | Roset J cance

DfR Solutions
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sherlage

AUTOMATED DESIGN ANALYSIS

Edit File Properties . p— |
Selectthe appropriate file type to indicate how the data in the file should be @
a Sherlock processed and then enter the specific information aboutthe file format =
Requiredfields are hi-lighted.

Project CircuitCa File Type: [ s Help
Comment: | Parts List (CSV)
» (i Antilock Braking pare L ff;g;i) j
> (B Heart Pump rerEs
| Pick & Place (DELIMTED)

> ﬁ HVAC Controlle 1 of Head Pick & Place (Eagie) ]
> (i Keyfoo Retersnce 00 Coms =)

. X Coordinatq pick & Place (ODB++) ﬁE]
L ﬁ Network Switch Y Coordinatd Sik Screen (Gerber) *E]
» (& Satellite Comm Foatprin| > °% 00 B
» (&5 Solar Inverter ROLatON Soier s Gerber =)

Board Sidg Solder Mask (0DB XML} ﬁE] .
v [ ThrustReverse| oo i ooenn g n

v @ Life Cycle Locatontnits: (%)
v 5] Phase 1
7" 1-Meg : ) ‘ I i 23
& i [ouss | (5mn | [cume . A=t
& 3-Diurnal Profile N E|j| ] - 4
4 - In flight Random Vibration - ! -
» @ Project Results > -
| ' L] SALRRARE] o - BEW,
» @ Files = 1
» @ Inputs = T
» @ Analysis =
» @ Results
» B CONTROLLER

B4

E

o

o Takes standard output files (Gerber / ODB)

DfR Solutions
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sherlggk

AUTOMATED DESIGN ANALYSIS

Demo Project Mar 01 dfr-vibrati pond - Life Predicti
100 "
05 Prob. of Fallure Goal = 30 % /
Top 10 Components with Shortest Lifetime (Thermal Cycling) w! /
o /
f
RefDes Side Package Solder Matxc)d'.l.' TTF (yrs) - ‘y"
™
Uil ToP LCCC-44 63SM3TEB 100.0 0.43 4 ;’
s
U12 TOP LCCC-44 §3SN3ITER 100.0 0.43 g . f’
Ul ToP Lcoe-20 §3SNITEE 100.0 0.96 G [ —Combind
5 / —
u2 0P LCcc-20 63SN37PB 100.0 0.96 £" | e eriries
us ToP 532676 53503723 100.0 .29 £, f -
U10 TOP SERETE §3SNITER 100.0 1.29 *
ULz ToP TSOP-32 (MO-1423D) £3SN3TPB 100.0 1.38 : ]
Ul4 ToP TESOE-32 (MO-1423D) 63SM3TEB 100.0 1.58 o
ULs TOP TSOF-32 (MO-1423D) §3SN3TER 100.0 1.58 g
®
ULs ToP TSOP-32 (MO-1423D) §3SN3TER 100.0 1.38 o
Y 1 : 2 k] “ s ° 7 2 ° " " 7 ” " s " w " " 20

Litetimea (Y2ars)

Top Max Delta Thermal Map (100C to 118C) System Operaﬂonal Ava| |ab|||ty
Requirement = 0.9995

1.0000

0.9990
0.9980 / 10C

(@]
50.9970 7 C
@ 0.9960

1 /

>

(@))]

P

Classic RGT
Collaboration

0.9950

0.9940 PDR
0.9930 System Level

0.9920 :
Assessment using

1 4 7 101316 19 22
Months Sherlock Inputs

DfR Solutions o
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sherlagk

AUTOMATED DESIGN ANALYSIS

SnPbAssembly

Vi yr: ervic L.0yrs
Failure Goal = 30.0% 5 +Failure Goal = 30.0%
3 8l
75 75
70 70
85 85
o @
5 a0 ER
g 55 g 85
5]
Z & — Combined z = — Combined
E s — = s == PTH Fatigue
= ~— Solder Fatigue E ~=Solder Fatigue
A0 o 40
35 £
a0 /
25
20
15
10
5
0
o 1 2 3 4 s & 7 8 @ 10 1 13 14 15
eeeeeeee (Years) Lifetime (Years)

Demonstrated to avionics customer that transitinftee

would have a detrimental impact to product performance
Driven by severe use environment

o

DfR Solutions
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Summary Design for Affordability

Practicedesign for excellenc®fX) to optimize affordability
o Design for reliability

o Desigrfor manufacturability

o Desigrfor supportability

Be aware of industry besgractices

o Collaboration works! OEM / ODM work togetherdentify next
generation technologgnd quantify potentiakisks

Use Automated Design Analysis
o Facilitates collaboration

o Implement tools and processes that alleskepth assessment at earlies
stages iracquisition

Continue to look at commercial bestlass practices
o Rent the design to balance control vs. creativity / flexibility

0 Imaplem_ent tools and processes that alleslepth assessment at earlies
stages in acquisition

o Costs are better validated when knowing how the design could falil
DfR Solutionso
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Root Cause Analy$iesktop Computer

o Failures during HALT
o EXposure to vibration

o Electrical testing indicated electrical op| R
o Under BGA socket :

o Validity of failure mechanism?
o Shearing of electrolytic capacitor leads §

o Dependent upon orientation of capal
o Only those along the board length '

o Vibration test may not have applied ¢ %
random loads <
o Potential issues with vibration tabldirturing DfR Solutions
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Testing: Intelligent Gas Meter

Customer transitioning into new product space, concerned abeut long

term performance

DfR reviewed potential use environment

o ldentified potential drivers for failure
(temperature, humidity, salt spray, sulfur gas, etc.)

Started with industry standards and best practic
o Modified based on understanding of PhysicBailure

o Developedoptimized test plaiacceptable tomanagement
and customers

Other examples of test plan development

mmmmmmmmm
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o Consumedappliances | e
o Telecom
) . ) Max Min
o AV'Oﬂ'Cieng”f]eCO ntrols) Month Cycles/Year Ramp | Dwell T(?)g)p T((:.')g])p DT ';B:Céeaf; AF
1 Jan+Feb+Dec 90 6 hrs 6 hrs 30 5 25 1 12.654
0 TI’aC ked Ve h I Cle Mar+Nov 60 6 hrs 6 hrs 35 10 25 1 11.799
H Apr+Oct 60 6 hrs 6 hrs 40 15 25 1 10.944
0 AUtO m Otlve May+Sep 60 6 hrs 6 hrs 45 20 25 1 10.26
. e Jun+Jul+Aug 90 6 hrs 6 hrs 50 25 25 1 9.576
) DOWHhOIeOII-drIIIIng Operational 16.6 Smin | 3hrs | 25 20 | 65 1 2.223
L
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