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Motivation 

ÅEnsuring sufficient product reliability is critical 
(especially automotive!) 
ïMarkets lost and gained 

ïReputations can persist for years or decades 

ïHundreds of millions of dollars won and lost 

ÅOpportunities for improvement 
ïTotal warranty costs range from $75 to $700 per car 

ïFailure rates for E/E systems in vehicles range from 1 
to 5% in first year of operation 
ÅHansen Report (April 2005) 

ïDifficult to introduce drive-by-wire, other system-
critical components 
ÅE/E issues will result in increase in ñwalk homeò events 
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Other Costs of Failure 
        Type of Business       Lost Revenue per Hour 

Retail Brokerages    $6,450,000 

Credit Card Sales Authorization  $2,600,000 

Home Shopping Channels   $113,750 

Catalog Sales Centers   $90,000 

Airline Reservation Centers  $89,500 

Cellular Service Activations  $41,000 

Package Shipping Services  $28,250 

Online Network Connect Fees  $22,250 

ATM Service Fees   $14,500 

Supermarkets    $10,000 

Does not include liability and loss of market share 
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Definitions 

ÅReliability is the measure of a productôs ability to  
ïperform the specified function  

ïat the customer (independent of environment)  

ïover the desired lifetime 

 

ÅWhat are best practices? 
ïThere are no óbest practicesô 

ïEach company must chose the appropriate set of 
practices that will optimize itôs return on investment in 
reliability activities 
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Reliability Optimization 

ÅReliability is viewed as a back-end 

operation 

ïDesign, Manufacturing, Sales: Makes Money 

ïQuality, Reliability: Takes Money 

ÅReliability is the traffic cop 

ïAcceleration of new product introduction (NPI) 

process 
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ÅVolume 

ïHigher volumes provide more leverage with 

suppliers 

ÅUse Environment 

ÅProfit per Product 
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ÅSimilarities among best practices 

ïPushes assurance activities earlier in the 

product life cycle and farther down the supply 

chain 

ïObtains failure information: the when and how 

ïImplements feedback loop (i.e., continuous 

improvement) 
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Step 1: Reliability Goals 

ÅIdentify and document two metrics 
ïDesired lifetime 

ïProduct performance  

ÅDesired lifetime 
ïDefined as when the customer will be satisfied 

ïShould be actively used in development of part and 
product qualification 

ÅProduct performance 
ïReturns during the warranty period 

ïSurvivability over lifetime at a set confidence level 

ïMTBF or MTTF (try to avoid unless required by 
customer) 
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Chip Reliability Gap 
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Step 2: Identify Field Environment 

ÅApproach 1: Use of industry/military specifications 
ïMIL-STD-810,  

ïMIL-HDBK-310,  

ïSAE J1211,  

ïIPC-SM-785,  

ïTelcordia GR3108,  

ïIEC 60721-3, etc. 

ÅAdvantages 
ïNo additional cost! 

ïSometimes very comprehensive 

ïAgreement throughout the industry 

ïMissing information? Consider standards from other industries 

ÅDisadvantages 
ïMost more than 20 years old 

ïAlways less or greater than actual (by how much, unknown) 



www.dfrsolutions.com 
DfR Solutions © 2005 

12 

IPC SM785 

MIL HDBK310 

IEC 60721-3-3 

SAE J1211 



www.dfrsolutions.com 
DfR Solutions © 2005 

13 

Field Environment (cont.) 

ÅApproach 2: Based on actual 
measurements of similar products in 
similar environments 

ïDetermine average and realistic worst-case 

ïIdentify all failure-inducing loads 

ïInclude all environments 
ÅManufacturing 

ÅTransportation 

ÅStorage 

ÅField 
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Failure Inducing Loads 
ÅTemperature Cycling 

ïTmax, Tmin, dwell, ramp times 

ÅSustained Temperature 

ïT and exposure time 

ÅHumidity 

ïControlled, condensation 

ÅCorrosion 

ïSalt, corrosive gases (Cl2, etc.) 

ÅPower cycling 

ïDuty cycles, power dissipation 

ÅElectrical Loads 

ïVoltage, current, current density 

ïStatic and transient 

ÅElectrical Noise 

ÅMechanical Bending 

ÅBoard-level strain 

ÅRandom Vibration  

ïPSD, exposure time 

ÅHarmonic Vibration 

ïG and frequency 

ÅMechanical shock 

ïG, wave form, kurtosis, duration 

Example of raw temperature data. 

Example of power spectral density curve. 
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Failure Loads (cont.) 
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Field Environment (example) 

ÅFor automotive electronics outside the engine 

compartment with minimal power dissipation, the diurnal 

(daily) temperature cycle provides the primary 

degradation-inducing load 

ÅAbsolute worst-case: Max. 58ºC, Min. -70ºC 

ÅRealistic worst-case: Phoenix, AZ (USA) 

ïAdd +10ºC due to direct exposure to the sun 

Month Cycles/Year Ramp Dwell Max. Temp (
o
C) Min. Temp. (

o
C) 

Jan.+Feb.+Dec. 90 6 hrs 6 hrs 20 5 

March+November 60 6 hrs 6 hrs 25 10 

April+October 60 6 hrs 6 hrs 30 15 

May+September 60 6 hrs 6 hrs 35 20 

June+July+August 90 6 hrs 6 hrs 40 25 
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Step 3: Understand the Product Lifecycle 
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Technology Insertion 

ÅThe introduction of new technology 
ïTypically materials 

ïExamples: Polymeric capacitors, Pb-free solder, phenolic-cured 
circuit boards, copper interconnects 

ïBest practices in technology insertion very similar to part and 
product qualification 

 

ÅApproach 1: Do nothing 
ïSubject new technology to the same industry standard or 

supplier required product qualification procedures 
 

ÅApproach 2: Modify existing qualification procedures 
ïExtend qualification times, require additional samples 

ïRequire additional qualification procedures based on existing 
military/industry standards (scattershot) 
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Tech Insertion (cont.) 

ÅApproach 3: Understand how the technology 
can fail 
ïPhysics of failure (PoF) 

ïThermal, mechanical, electrical, chemical, radiation 

ÅNew technologies can 
ïExperience different failure mechanisms 

ïDegrade at different rates (changes in test-to-field 
correlation) 

ïHave different weaknesses 

ÅBe willing to adjust qualification procedures in 
response 
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ÅApproach 4: PoF with an emphasis on 

outliers 

ïRequires understanding of material and stress 

distributions throughout the supply chain 

ÅApproach 5: Require supplier to 

demonstrate ability to meet reliability goals 

ïLike 3 and 4, rejects test to spec approach 

ïShifts burden and costs to supplier 
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Case Study 1: Solderability Plating on 

Printed Circuit Boards 

ÅImmersion Silver (ImAg) 
ïAggressively marketed by  

plating suppliers 

ïClaims of long shelf life  
(>4 years) based on existing  
test specifications 
ÅHigh temperature bake 

ÅSteam aging 

ÅProblem: 
ïNo silver-copper intermetallics 

ïSilver oxide is self-limiting 
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New Failure Mechanism 

ÅSolderability is an  
issue 

ÅSignificant  
degradation when  
exposed to  
corrosive gases 

ïAtypical shelf life test  

ÅLoss of solderability after 1 day under mixed 
flowing gas (MFG) exposure, class II conditions 

ïEquivalent to 6 months in light industrial environment 
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Case Study 2: Pb-Free Solder 

and Temperature Cycling 

ÅPb-free displays a higher acceleration factor 

ïFailures under ALT equivalent to longer field life 

Ahmer Syed, Amkor 


