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VOLUME Density

Chip Scale / Wafer Level Packaging Begins a New Paradigm
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IC Packaging Progression:

DIP
� 100 mil pitch

� Limited by through hole spacing

Through Hole Surface Mount CSP / WLP

TSOP
� 25 mil pitch

� Limited by perimeter leads

CSP
� Area array 0.8 mm to 0.5 mm

� Limited by substrate wiring
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Packaging Driver: Packaging Driver: MiniaturizationMiniaturization

- Personal Electronics -- Personal Electronics -
�� Cell Phones  Cell Phones 
�� PDAs PDAs
�� Camcorders Camcorders
�� Mobile Computers Mobile Computers
�� Card PCs Card PCs
�� Memory Cards Memory Cards
�� Personal Communicators Personal Communicators
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Wafer Level Packaging and Interconnect...
Enabled by the Chip Size Package

� The Wafer Level Paradigm is driven by imperatives �
� Packaging Cost

� Simplified Logistics

� IC Functionality

� Performance

� Production is Emerging Rapidly
� Beginning in Small Devices (< 3mm)

� Adapts Wafer Processing Infrastructure

� Extending to Larger Die Sizes
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� Dallas Semiconductor Wafer Level Package
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National Semiconductor MicroSMDNational Semiconductor MicroSMD
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Wafer Level Packaging is Paced by Infrastructure

� Package Reliability

� High Density PWB Substrates

� Burn-in and Test
� Wafer level burn-in
� Functional test on the wafer

� Standards
� Proliferation of variations slows adoption
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Flip-Chip  Wafer Level Package

� Eutectic Solder Ball Flip-Chip
� Small DNP allows adequate reliability
� Adapts existing infrastructure for rapid growth

 . . . But --- limited to small die sizes
� Flexible Interconnect Extends to Larger Die Sizes

� Metal columns
� Solder columns
� Stacked solder balls
� Flexible solder balls

. . . All with minimum changes to existing wafer processing infrastructure
� Wafer Level Package Provides:

� Surface mountable package
� Testability
� Reliability
� Standards
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Fujitsu SuperCSPFujitsu SuperCSP

� Solder balls on copper posts
� Redistribution wiring to posts
� Encapsulant is molded onto wafer
� Inflexible posts limit reliability

Barrier Metal
Solder Ball Metal Post (Cu)

Encapsulant

Die

Polyimide Layer
Al Pad

Redistribution
Trace (Cu) SiN
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APACK  Solder Column Package

Improves Strain Relief on Solder Ball
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JIEP Projections for CTE 
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1995 2000 2005 2010

CSPWLP Paced by High Density Substrate
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          World Micro-via Hole PCB Production ($million)World Micro-via Hole PCB Production ($million)
RegionRegion 19961996 19971997 19981998 19991999 2000*2000* 2001*2001*
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
JapanJapan 320320 600600 1,0551,055 1,8001,800 2,7002,700 4,0004,000
EuropeEurope   10  10   15  15     40    40   260  260   400  400   600  600
N. AmericaN. America    25 25   35  35     40    40   150  150   300  300   500  500
Asia PacificAsia Pacific      2   2   10  10     85    85   210  210   400  400   600  600
TotalTotal 357357 660660 1,2201,220 2,4202,420 3,8003,800 5,7005,700

Total NumberTotal Number
of Lasersof Lasers 115115 240240 450450 900900 1,5001,500 2,5002,500
*forecast - Japan�s $4 Billion 2001 forecast consists of $2.5 Billion IC package
(BGA/LGA) substrates and $1.5 Billion in HDI circuit boards.

      Data Source: N.T. Information Ltd. (Dr. Hayao Nakahara)
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I/O Explosion:   Power & Ground Distribution

� Distribute the Power and Ground on Chip
� Better electrical characteristics
� Shorter distance to the shielding planes
� Dramatically reduces I/O connections for power/ground

� 80+% of I/O on advanced processors is  Power/Ground.

� Power and Ground Layers on the Wafer
� Efficiency of production

� Avoid paying for large number of power/ground pins.
� Makes the chip easier to test -  fewer power/ground contacts
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Interconnect:  The I/O Explosion

I/O

Time Line
1980 1990 2000
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IC Performance:  RC Delays are an Increasing Problem

RC Delays scale as the inverse square of the scaling law
� Max propagation length is 3 mm at 0.25 µm lithography
� Propagation length shrinks as geometries are scaled

RC Propagation Limit
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Power & Ground:  Redistribution on the Chip

Flip Chip
� Pin count Explosion
� 70-80 % is Power & Ground

Power/Ground Distribution
� Fabricated on separate layers
� Assembled to the wafer

Composite Chip
� Power/ground distributed on

the chip to reduce I/O count
� High performance Power

and ground distribution
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Wafer Level Packaging:   Added Interconnect Capability

� Wafer level production for processors allows
�  Power/ground distribution on chip
�  Routing critical nets in low resistance copper lines in the package

�  Approaches
� Multi-layer flex interposer
�  Silicon interposer

� Pacing items
�  High density wiring capability on chip for (4-6 layers of wiring)
�  High density PWB substrates (0.5 mm via pitch or better)
�  Capability to burn-in and test chips in a wafer format
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Multi-Chip Packages:Multi-Chip Packages:  MCMs?  MCMs?

MultiMulti-Chip Packages Offer MCM Advantages-Chip Packages Offer MCM Advantages
•• Avoid Large Die Sizes of System-on-a-ChipAvoid Large Die Sizes of System-on-a-Chip
•• Faster Time-to-MarketFaster Time-to-Market
•• Mixed Technologies (GaAs, Flash, Passives, �)Mixed Technologies (GaAs, Flash, Passives, �)
•• Smaller SizeSmaller Size
•• Higher PerformanceHigher Performance

So What�s New ?So What�s New ?
•• Wafer Test and Burn-in of Wafer Level PackagesWafer Test and Burn-in of Wafer Level Packages
•• High Volume ApplicationsHigh Volume Applications
•• Cost Effective Micro-via SubstratesCost Effective Micro-via Substrates



Decision Track   BiTS 2001

SyChip Integrated Phone-in-a-Package SolutionSyChip Integrated Phone-in-a-Package Solution
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Wafer Test & Burn-in:Wafer Test & Burn-in:  Driving Factors  Driving Factors

�� Necessary for Wafer Level PackagingNecessary for Wafer Level Packaging
� Must burn-in Before Final Test on the Wafer.
� Applies to flip chip as well as full wafer level packaging

�� Faster Time to MarketFaster Time to Market
�� Diced Wafer is the final, fully tested  product.Diced Wafer is the final, fully tested  product.

�� Faster Cycles of LearningFaster Cycles of Learning
�� The wafer fab has full information on test before wafer leaves fabThe wafer fab has full information on test before wafer leaves fab

�� Reduction of Test CostsReduction of Test Costs
�� �Test Once��Test Once�
�� Wafer test is both probe and final testWafer test is both probe and final test
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Wafer
Probe

Wafer
Dicing Package

Wafer
Burn-in

Wafer
Packaging

Final
Test

Wafer
Dicing

Package

Package

Test

Test

Test

Burn-in

Burn-in

Burn-in

Final Test

Final Test

Final Test

Conventional Packaging

Wafer Level Packaging
�Product Cost Reduction
�Cycle Time Reduction
�Capital Cost Reduction

Wafer Run-inWafer Run-in
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Wafer Test:Wafer Test:  Challenges Ahead  Challenges Ahead

� Probe Density
� 60 µm pad spacing
� Area array pads

� Functional Wafer Test
� Test at Speed

� Parallel Testing
� BIST ?
� Wafer run-in (test during burn-in)

� Hot chuck testing
� Wafer test at temperatures to 150 oC
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Wafer Burn-in:Wafer Burn-in:  Technical Challenges  Technical Challenges

� Contact Alignment

� Electrical Interconnect
� Wire 10,000 - 20,000 contacts to device drivers

� Large Number of Electrical Contacts
� Force of 250 lb for 20,000 contacts
� 500,000 contacts for a flip chip micro-Processor

� Extreme Environment
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Wafer Burn-in:Wafer Burn-in: Technical Challenges Technical Challenges

From 25C to 150C

Cu     450 µm (18 mils)

Si        75 µm (3 mils)

10,000 - 500,000 contacts
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The Drive Toward Wafer Level Packaging The Drive Toward Wafer Level Packaging       

� Growth of Chip Scale Electronics is Rapid

�Chip Scale is Moving toward Wafer Level Packaging

�Wafer Level Packaging will Extend for Decades into the Future

� Advances are Needed in Burn-in and Test 
Strip Test
Wafer Test at Speed
Wafer Level Burn-In
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