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Test and Burn In:Test and Burn In:
The World Beyond ScalingThe World Beyond Scaling

John L. HarrisJohn L. Harris
Manager, WW Test EngineeringManager, WW Test Engineering

IBM Systems and Technology GroupIBM Systems and Technology Group

Life in a world of Ghz, billions of transistors, nanometers, 
hundreds of Amps and Watts, miles of copper and every 

circuit function invented on one chip!!

Beyond ScalingBeyond Scaling……..

Scaling has driven the industry for the past 40+ yearsScaling has driven the industry for the past 40+ years

Classical Scaling is deadClassical Scaling is dead…….Now what?.Now what?

What does it mean to Test and Burn In ?What does it mean to Test and Burn In ?
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Beyond Scaling does not meanBeyond Scaling does not mean……

Chips are not going to keep getting fasterChips are not going to keep getting faster

The performance of chips is no longer going to The performance of chips is no longer going to 
increase dramaticallyincrease dramatically

Reducing photolithography Reducing photolithography groundrulesgroundrules doesndoesn’’t t 
mattermatter

MooreMoore’’s Law is dead !!s Law is dead !!

Beyond Scaling does meanBeyond Scaling does mean……..
Architecture and system design will be the Architecture and system design will be the 
primary forces driving performance primary forces driving performance 
increasesincreases……not just clock frequencynot just clock frequency

New materials and processes will drive chip New materials and processes will drive chip 
performance as much or more than                   performance as much or more than                   
photolithography photolithography groundrulesgroundrules

Design and process interaction is increasing Design and process interaction is increasing 
and increasingly hard to model and control and increasingly hard to model and control 

Test and packaging complexity is increasingTest and packaging complexity is increasing

Economic challenges will be greater than everEconomic challenges will be greater than ever
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Variation and PerformanceVariation and Performance
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Technology generation

Classical
Scaling

Industry
Trend:

Nominal

Industry Trend: 
Slow-Chip

Performance

Variation

A Brief Glimpse into the World of A Brief Glimpse into the World of 
IBM TechnologyIBM Technology

Server processorsServer processors

Game ProcessorsGame Processors

ASIC / SOCASIC / SOC

RF / Mixed SignalRF / Mixed Signal
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Server ProcessorsServer Processors
Workstations to MainframesWorkstations to Mainframes

Huge MultiHuge Multi--Core ChipsCore Chips
2 cores per chip2 cores per chip
Large SRAM CachesLarge SRAM Caches
90nm 90nm 65nm 65nm SOI technologySOI technology
Up to 5 Up to 5 GhzGhz clock rateclock rate

Complex PackagingComplex Packaging
Single and MultiSingle and Multi-- Chip ModulesChip Modules
Ceramic and OrganicCeramic and Organic
Up to 16 CPUUp to 16 CPU’’s per modules per module

Bleeding edgeBleeding edge
Chip Size Chip Size 
FrequencyFrequency
Power / ThermalPower / Thermal
Pin CountPin Count

Game ProcessorsGame Processors
““A Supercomputer in your Living RoomA Supercomputer in your Living Room””
Not quite so Huge MultiNot quite so Huge Multi--Core ChipsCore Chips

Up to 9 cores per chipUp to 9 cores per chip
90nm 90nm 65 nm 65 nm SOI technologySOI technology

Organic PackagingOrganic Packaging
Single Chip PBGASingle Chip PBGA
Lidded and Lidded and unliddedunlidded modulesmodules

Bleeding edgeBleeding edge
FrequencyFrequency
Power / ThermalPower / Thermal
I/OI/O

Consumer Market Cost PressuresConsumer Market Cost Pressures
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Cell Processor Cell Processor akaaka ““Broadband EngineBroadband Engine””

Next Generation Power Processor for Gaming, Next Generation Power Processor for Gaming, 
Digital Home Entertainment, Defense, Medical Digital Home Entertainment, Defense, Medical 
Imaging andImaging and……..

64 bit Supercomputer on a Chip64 bit Supercomputer on a Chip
9 Processor Cores9 Processor Cores
235 mm235 mm2 2 chipchip
42.5 mm Flip chip PBGA42.5 mm Flip chip PBGA
>1200 pins / 486 IO>1200 pins / 486 IO
33--4 4 GhzGhz Clock rateClock rate
512KB L2 memory512KB L2 memory

Cell ProcessorCell Processor……HDTV quality imagingHDTV quality imaging
Mt. Saint HelensMt. Saint Helens
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ASIC / SOCASIC / SOC
HandyCamHandyCamTMTM to Routers to Supercomputersto Routers to Supercomputers

Wide range of die sizes and typesWide range of die sizes and types
130nm 130nm 65nm 65nm bulk bulk SiSi technologytechnology
Up to 324 mmUp to 324 mm2 2 Die Die 
High performance and low power High performance and low power 
technologiestechnologies

Broad Packaging MenuBroad Packaging Menu
Ceramic and organicCeramic and organic
WirebondWirebond and Flip Chipand Flip Chip

Diverse mix of IP contentDiverse mix of IP content
eSRAMeSRAM
eDRAMeDRAM
PowerPC PowerPC 
eFPGAeFPGA
AnalogAnalog
Gigabit Serial LinksGigabit Serial Links

RF / Mixed SignalRF / Mixed Signal
““The World of WirelessThe World of Wireless””

Less aggressive Less aggressive groundrulesgroundrules……smaller diesmaller die
0.5u to 90nm 0.5u to 90nm SiGeSiGe and RF CMOSand RF CMOS
Die sizes starting at <1 mmDie sizes starting at <1 mm22

Generally Low pin countGenerally Low pin count
Mix of packaging technologiesMix of packaging technologies

KGD  KGD  
Chip stack PBGAChip stack PBGA
QFN, TQFP, SOICQFN, TQFP, SOIC
WirebondWirebond and Flip Chipand Flip Chip

Primarily a foundry businessPrimarily a foundry business
Wireless HandsetsWireless Handsets
Wireless Wireless BasestationBasestation
WLANWLAN
GPSGPS
Automotive (Navigation)Automotive (Navigation)
PowerPower



20062006 Keynote Address

March 12 - 15, 2006

Keynote

7

Meanwhile back in Meanwhile back in ““Test WorldTest World”…”…

Test Leadership in the 21Test Leadership in the 21stst centurycentury
What does it mean?What does it mean?
Does it matter ?Does it matter ?

What does What does ““Beyond ScalingBeyond Scaling”” mean to Test ?mean to Test ?

Some of the more Some of the more ““interestinginteresting”” challengeschallenges

Test LeadershipTest Leadership……what does it mean ?what does it mean ?
Not getting in the way Not getting in the way 

New technologies and productsNew technologies and products
Test CostTest Cost
YieldYield
QualityQuality

Providing value add differentiationProviding value add differentiation
Time to MarketTime to Market
Yield Learning rateYield Learning rate
Cost of TestCost of Test
Quality and ReliabilityQuality and Reliability
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Test LeadershipTest Leadership……does it matter ?does it matter ?
CanCan’’t be a technology leader without itt be a technology leader without it

Key competitive weaponKey competitive weapon
Time to marketTime to market
Quality and reliabilityQuality and reliability

Key profitability leverKey profitability lever
YieldYield
Yield Learning rateYield Learning rate
Test CostTest Cost

““Beyond ScalingBeyond Scaling”…”…some key Trendssome key Trends

Yield Learning rate critical to business success Yield Learning rate critical to business success 

Power / Thermal becoming a primary constraintPower / Thermal becoming a primary constraint

Most of the Test function moving on dieMost of the Test function moving on die

Design/process marginalities and systemic Design/process marginalities and systemic ““defectsdefects””
vs. random defectsvs. random defects

Many flavors of Good dieMany flavors of Good die……customization at Testcustomization at Test

SOC/SIPSOC/SIP……integration of heterogeneous functionintegration of heterogeneous function
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What does all this mean to Test?What does all this mean to Test?

The Role of Test is changingThe Role of Test is changing

The business criticality of Test is increasingThe business criticality of Test is increasing

The leverage points are moving away from our The leverage points are moving away from our 
historical historical ““corecore”” of equipment and Test programsof equipment and Test programs

The complexity of Test is increasingThe complexity of Test is increasing
Difficult to scale cost at the same rate as Difficult to scale cost at the same rate as fabfab

The Changing Role of TestThe Changing Role of Test

Job #1 = Sort Good from Bad Job #1 = Sort Good from Bad 

Job #2 = Data Feedback to       Job #2 = Data Feedback to       
Design and Design and FabFab

Job #3 = Value Added ProductJob #3 = Value Added Product
TransformationTransformation
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Job #2    Job #2    ““Dude, whereDude, where’’s my data?s my data?””

Test is THE most important source of dataTest is THE most important source of data
Integration pointIntegration point…….first time all the pieces come together.first time all the pieces come together
Most comprehensive data sourceMost comprehensive data source

Demand for data is escalating Demand for data is escalating 
Yield learning rate = Yield learning rate = ““make or breakmake or break””
Limitations of device models vs. HWLimitations of device models vs. HW
Design / Process interactionsDesign / Process interactions
End to End Test flow optimizationEnd to End Test flow optimization

Driving cost and complexity into Test processDriving cost and complexity into Test process
Test Time increases driven by data collectionTest Time increases driven by data collection
IT infrastructureIT infrastructure……tons of data from factories around the globetons of data from factories around the globe

Time

Defect 
Density

180nm

90nm90nm130nm130nm
65nm65nm

00 02 0604

45nm

From: R. Madge, ITC 2004

A few other A few other ““interestinginteresting”” challengeschallenges

““Collateral damageCollateral damage”…”…the silent killerthe silent killer

““The SOC FallacyThe SOC Fallacy””

The Handler and Interface HW DilemmaThe Handler and Interface HW Dilemma

The Power ProblemThe Power Problem
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““Collateral DamageCollateral Damage””

Test process yield lossTest process yield loss
Test equipment inaccuracies Test equipment inaccuracies 

Electrical, mechanical, thermalElectrical, mechanical, thermal

Test process yield lossTest process yield loss

The quality vs. yield tradeoffThe quality vs. yield tradeoff
OvertestingOvertesting to guarantee DPM levelsto guarantee DPM levels
OvertestingOvertesting at probe to protect package test yieldsat probe to protect package test yields
Difficulty in discriminating goods from Difficulty in discriminating goods from badsbads
Differences between Test and Application conditionsDifferences between Test and Application conditions
Reliability screens and Burn inReliability screens and Burn in

The Handler and Interface HW The Handler and Interface HW 
DilemmaDilemma

Tester
Handler
Interface

Tester
Handler
Interface

Year 2005
Total Cost = ~$1.7M

Year 2000
Total Cost = ~$3.5M

Initial Capital Investment
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The Handler and Interface HW The Handler and Interface HW 
DilemmaDilemma

Tester
Handler
Interface

Tester
Handler
Interface

Year 2005
Annual Cost = ~$450K

Year 2000
Annual Cost = ~$800K

Annual Operating Cost

““The SOC FallacyThe SOC Fallacy””

Technically Feasible vs. Economically RationalTechnically Feasible vs. Economically Rational

The Challenge:   CostThe Challenge:   Cost
Heterogeneous function in a single die or packageHeterogeneous function in a single die or package
Divergent and often conflicting Test MethodsDivergent and often conflicting Test Methods

SIP addresses the Die and Wafer Test cost problemsSIP addresses the Die and Wafer Test cost problems

SIP generally doesnSIP generally doesn’’t solve the package Test problemt solve the package Test problem
““SOC TestersSOC Testers”” often suffer from the same fallacy as SOC die often suffer from the same fallacy as SOC die 
DFT and multiple insertions can mitigate the problem but donDFT and multiple insertions can mitigate the problem but don’’t solve it t solve it 
““Concurrent TestConcurrent Test”” sounds great but is very hard to implementsounds great but is very hard to implement
KGD can helpKGD can help……but only if KGD and assembly are REALLY GOODbut only if KGD and assembly are REALLY GOOD

Flash

SRAM

DSP

uController

RF A
nalog
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The Power ProblemThe Power Problem

Raw PowerRaw Power…….the .the ““easyeasy”” problemproblem
EasyEasy…… but not cheapbut not cheap

VariationVariation…….the hard problem.the hard problem
Die to dieDie to die
vs. Timevs. Time
Spatial within dieSpatial within die

BI and Voltage Screens are BI and Voltage Screens are 
worst case scenariosworst case scenarios

1999  2001  2003  2005  2011  
80
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Max Power (watts)

You can power a 75 home subdivision orYou can power a 75 home subdivision or……

A single High Power BI tool
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Holy Smokes !!!Holy Smokes !!!
When things donWhen things don’’t work the way they are supposed tot work the way they are supposed to……

Collateral Damage !!!Collateral Damage !!!

In closingIn closing……
There is a bright future ahead in TestThere is a bright future ahead in Test

There is life after ScalingThere is life after Scaling……lots of it !!!lots of it !!!
Plenty of interesting technical and economic challengesPlenty of interesting technical and economic challenges

WeWe’’ve become a ve become a ““value addedvalue added”” process !!!!process !!!!

We all have our work cut out for usWe all have our work cut out for us

Thanks for listeningThanks for listening
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