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Who needs solder bumps?

�� Wafer Level Chip Scale Package (WLCSP)Wafer Level Chip Scale Package (WLCSP)

•• Bumps are large (250um or larger)Bumps are large (250um or larger)

•• Only a few bumps (<100 per chip)Only a few bumps (<100 per chip)

•• Small chips (6mm x 6mm max)Small chips (6mm x 6mm max)

•• Low end devices (consumer market)Low end devices (consumer market)

•• Bump yield / chip yield not as criticalBump yield / chip yield not as critical

•• Chips go directly on PCB boardChips go directly on PCB board

•• No No underfillunderfill

•• Main reason for WLCSP: Superior electrical performance, Main reason for WLCSP: Superior electrical performance, 

reduced size and cost savingsreduced size and cost savings

•• Majority on 200mm and smaller wafers, 300mm is startingMajority on 200mm and smaller wafers, 300mm is starting

•• Usually requires redistribution (RDL)Usually requires redistribution (RDL)
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Who needs solder bumps?

�� Flip Chip in Package (Flip Chip in Package (FCiPFCiP))

•• Bumps are small (<100um)Bumps are small (<100um)

•• Many bumps (1000Many bumps (1000’’s per chip, >1M per wafer)s per chip, >1M per wafer)

•• Large chips (e.g. 15mm x 15mm or larger)Large chips (e.g. 15mm x 15mm or larger)

•• HighHigh--end devices (processors, etc.)end devices (processors, etc.)

•• Bump yield extremely criticalBump yield extremely critical

•• Chips are soldered on substrateChips are soldered on substrate

•• Main reason for FC: PerformanceMain reason for FC: Performance

•• 300mm wafers driving the need300mm wafers driving the need

•• No RDL involvedNo RDL involved

kc16.262nm-yield loss

EFFECTIVE PER WAFER COST OF YIELD LOSS
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Microprocessor 4,200 $9.32 429 4,000 

Graphics/Chip Sets 1,300 $2.50 1,200 3,000 

DRAM (512Mb) 84 $3.35 745 2,500 

 

Source: Prismark Partners LLC
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C4NP

Solder Bumping Technologies
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UBM Deposition 
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C4NP Glass Molds

�� Flip Chip in Package (Flip Chip in Package (FCiPFCiP))

�� Standard size glass plate Standard size glass plate –– 13 x 1413 x 14””

�� Active pattern based on wafer sizeActive pattern based on wafer size

�� Etched cavities according to bump patternEtched cavities according to bump pattern

�� Worldwide Mold Supplier infrastructureWorldwide Mold Supplier infrastructure

�� Mold cost < $5 per waferMold cost < $5 per wafer

�� September 2006 AnnouncementSeptember 2006 Announcement

•• ULCOAT first commercial C4NP Mold SourceULCOAT first commercial C4NP Mold Source

•• Very high mold qualityVery high mold quality

•• Less than 1ppm bump defect densityLess than 1ppm bump defect density

•• Additional mold suppliers to be announcedAdditional mold suppliers to be announced
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UBM Technology

�� UBM = BLM UBM = BLM 
Under Bump Metallization = Ball Limiting Under Bump Metallization = Ball Limiting 
Metallurgy:Metallurgy:
•• Interface between solder and final chip metallizationInterface between solder and final chip metallization

•• MUST HAVE:MUST HAVE: Low resistance, Good adhesion, Diffusion Low resistance, Good adhesion, Diffusion 
barrierbarrier

•• Must withstand thermal & mechanical stressMust withstand thermal & mechanical stress

•• Traditional UBM Stacks:Traditional UBM Stacks:
• Cr - Cr:Cu – Cu - Au

• Ti - Cu

• Ti:W - Cu

• Ti - Ni:V - Cu

• Cr - Cr:Cu - Cu

• Al - Ni:V – Cu

•• LeadLead--free UBM Stacks:free UBM Stacks:
• Ni-Au (ENIG – Electroless Nickel Gold)

• Ti:W (or Ti) – Ni (Sputtered)

• Ti:W (or Ti) - Cu – Ni (plated) – Cu (opt.)
Plated Ni UBMPlated Ni UBM
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UBM & Bump Process Flow
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Alternative UBM Experiment

Electroless NickelElectroless Nickel--Gold (ENIG)Gold (ENIG)

�� Selective chemical deposition on Al padsSelective chemical deposition on Al pads

�� Sequence of chemical solutionsSequence of chemical solutions

�� Ni layer Ni layer –– Autocatalytic reactionAutocatalytic reaction

�� 25um per hour25um per hour

�� Thin Au layer to prevent Ni oxidationThin Au layer to prevent Ni oxidation

�� Au approx. 0.05 Au approx. 0.05 –– 0.08um thick0.08um thick

�� Wafer backside protected with resistWafer backside protected with resist

�� No photoNo photo--processprocess

�� Fraunhofer IZM process expertiseFraunhofer IZM process expertise

Al Pass vationi

Sili onc

Ni Au
Zn

Sputtered NickelSputtered Nickel

�� TiW base layer (adhesion layer)TiW base layer (adhesion layer)

�� Sputtering of magnetic Ni is difficultSputtering of magnetic Ni is difficult

�� Bias to reduce grain sizeBias to reduce grain size

�� Standard photo process for patterningStandard photo process for patterning

�� Wet etch of UBMWet etch of UBM

�� Varying Ni thickness: 0.5 / 1.0 / 1.5umVarying Ni thickness: 0.5 / 1.0 / 1.5um

1.0 um sputtered Ni film1.0 um sputtered Ni film

1um – No Bias 1um – 200 V Bias
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Test Vehicle and Experimental Setup

�� Test solder: Sn/0.7%Cu & SnAg (proprietary Test solder: Sn/0.7%Cu & SnAg (proprietary 

composition)composition)

�� 1um thick 1um thick AlCuAlCu pads, 126um diameterpads, 126um diameter

�� 7um PI 7um PI passivationpassivation (HD4000 series), 54um (HD4000 series), 54um 

openingopening

�� Chip: 15mm x 15mm; 150um bump pitchChip: 15mm x 15mm; 150um bump pitch

�� Performed shear testing (indication of Performed shear testing (indication of 

mechanical strength)mechanical strength)

�� Conditioning: Conditioning: 

•• Deep Thermal Cycling (Deep Thermal Cycling (--55 to +125C)55 to +125C)

•• Multiple Reflows (1, 3, 5 and 10)Multiple Reflows (1, 3, 5 and 10)
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ENIG UBM Results

Electroless NickelElectroless Nickel--Gold (ENIG) Gold (ENIG) –– Test Matrix  Test Matrix  

Sn/Ag100nmNo15um

Sn/Cu100nmNo15um

Sn/Ag100nm0.5um7um

Sn/Cu100nm0.5um7um

Sn/Ag100nmNo7um

Sn/Cu100nmNo7um

Sn/AgNoNo7um

Sn/CuNoNo7um

Sn/Ag100nmNo3um

Sn/Cu100nmNo3um

SolderAuPdNi
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ENIG UBM Results

ENIG UBMENIG UBM

�� Shear strength proportional to Ni areaShear strength proportional to Ni area

�� Diameter of Ni pad depends on thickness of Diameter of Ni pad depends on thickness of 

electroless Nielectroless Ni

�� SnAg has higher shear strength than SnAg has higher shear strength than SnCuSnCu

�� Shear failure modes were within bulk solderShear failure modes were within bulk solder

�� Shear values are stable through DTC and Shear values are stable through DTC and 

multiple reflowsmultiple reflows

�� Au improves ball shear strengthAu improves ball shear strength

�� Pd has no significant effect on shear strengthPd has no significant effect on shear strength

�� Each value averaged: Each value averaged: 

Deep Thermal Cycling (30 measurements) Deep Thermal Cycling (30 measurements) 

Multiple reflows (6 measurements)Multiple reflows (6 measurements)

Shear test: 25um above passivation@25um/secShear test: 25um above passivation@25um/sec
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ENIG UBM Results

7um Ni UBM with SnAg solder at time zero
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ENIG UBM Results

ENIG (15um Ni, 0.1um Au)ENIG (15um Ni, 0.1um Au)

Each value averaged: Each value averaged: 

Deep Thermal Cycling (30 measurements) Deep Thermal Cycling (30 measurements) 

Multiple reflows (6 measurements)Multiple reflows (6 measurements)
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Sputtered Ni UBM Results

Sputtered Nickel UBM Sputtered Nickel UBM –– Test MatrixTest Matrix

Sn/AgYes1.5um200nm

Sn/CuYes1.5um200nm 

Sn/AgNo1.5um200nm

Sn/CuNo1.5um200nm

Sn/AgYes1.0um200nm

Sn/CuYes1.0um200nm

Sn/AgNo1.0um200nm

Sn/CuNo1.0um200nm

Sn/AgYes0.5um200nm

Sn/CuYes0.5um200nm

Sn/AgNo0.5um200nm

Sn/CuNo0.5um200nm

SolderBiasNiTiW
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Nickel (0.5 microns)Nickel (0.5 microns)
�� Shear strength overall higher due to increased Shear strength overall higher due to increased 

Ni area compared to ENIG UBMNi area compared to ENIG UBM

�� SnAg has higher shear strength than SnAg has higher shear strength than SnCuSnCu

�� Shear strength decreases with increasing Shear strength decreases with increasing 
number of reflowsnumber of reflows

�� Each value averaged: Each value averaged: 
Deep Thermal Cycling (30 measurements)Deep Thermal Cycling (30 measurements)
Multiple Reflows (6 measurements)Multiple Reflows (6 measurements)

�� Ni (0.5 microns) is too thin, spalling of IMC at Ni (0.5 microns) is too thin, spalling of IMC at 
time zero.time zero.

0.5um Ni with Bias, time zero, SnAg solder

Sputtered Ni UBM Results

Shear test: 25um above passivation@25um/secShear test: 25um above passivation@25um/sec


