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Presentation for NCCAVS ïPlasma 

Applications Group (formerly PEUG)

ñAdvanced Plasma Treatments to Improve 4 
Semiconductor Device Packaging Applications:        

Die Attach, Wire Bonding, Mold & Encapsulation,     
and Flip Chip Underfillò

- - -

Oct. 8, 2009
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A Pictureôs Worth 1,000 Wordsé

Untreated ASPA Substrate:

Droplet test indicates low wettability

Substrate After Plasma Treatment:

Droplet test indicates high wettability

(correlates to both high surface energy     

and increased bondability)
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4 Common Plasma Applications for ASPA: 

ÁDie Attach

ÁWire Bonding

ÁMold & Encapsulation

ÁFlip Chip Underfill (FCUF)

Reliable Wire Bonding enabled 

by Plasma Treatment

Cohesive Mold Failure (Desired)

thanks to Plasma Treatment

Fast, Void-free Underfilling 

after Plasma Treatment
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3 Common Types of Plasma Treatments
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Plasma Before Die Attach
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ÁPlasma Treatment to:
ÁActivate surface of die attach pad for improved die bonding

ÁRemove contamination from die attach pad

ÁBenefits:
Á Increase die - to -substrate bond strength

Á Increase die - to -substrate bond reliability

ÁReduce scrap/re -work

ÁReduce costs

Plasma Before Die Attach
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Die Attach Adhesion Experiment

ÁObjective: Maximize die attach adhesion (shear testing)

ÁTest Set-up
Á QFN devices
Á Copper leadframes
Á Silver - filled epoxy die attach (oven -cured)
Á 15 leadframes plasma treated
Á 15 leadfames untreated (control)
Á Commercially avail. Plasma System
Á Argon only
Á Shear test 1 die per leadframe (chosen at random)

ÁConsiderations
Á Maximize cleaning & surface activation rates (for high throughput) 
Á No damage to leadframe wire bond pads
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Die Shear Test: Untreated vs. Optimized Plasma
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Die Attach Adhesion Results (Shear Testing)

Plasma Treated Average: 5.29

Untreated Average: 3.36

Failure Mode: Die-Epoxy InterfaceFailure Mode: Substrate-Epoxy Interface
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Conclusions for Die Attach

Á Plasma Improve Die Attach:

Á Improved die adhesion to substrate

ÁShear testing confirms failure mode now at die 
surface

Á Optimized treatment rates

ÁThroughput matches die attach system

Á Further testing by customer confirmed: No damage to 
wire bond pads on substrate
(Important, will be discussed in following sections)
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Plasma Before Wire Bonding
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ÁPlasma Treatment to:
ÁRemove Organic, Metal, Halogen, and Oxide contamination from 

bond pads (both die & substrate)

ÁBenefits
Á Increase wire bond (pull, shear) strength

Á Increase wire bond yields (Cpk)

Á Increase wire bond reliability

ÁReduce scrap/re -work

ÁReduce costs

Courtesy ASM, C. VathCourtesy ASM, C. Vath

Wire Bond Attach Rate ~100% 

(both Ball & Wedge) thanks 

to Plasma Treatment

Plasma Before Wire Bonding
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Plasma Before Wire Bonding

ÁWire Bonding Issues
Á Fine Pitch Wire Bonding (thinner wires, more bonds, smaller area)

Á Pad Contamination

Á Bond Pad Metallization Issues

ÁAluminum, Copper 

ÁNickel & Palladium

ÁThin Film Gold

Á Changing Substrate Technology
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Plasma Before Wire Bonding

Letôs examine one specific issue for Wire Bondingé

ÁBond Pad Contamination by Organics

30 to 300
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Contamination Sources

(Causes reduced wire bond reliability & yield)

ÁBleed of silver-filled epoxy (i.e. die attach step)

ÁThermal, Snap Cure processes

ÁResin bleed

ÁOrganic contamination from other sources

(Unfortunately, many sources in a Fab)
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Epoxy Bleed - Plasma Cleaning Experiment

ÁQuad Flat No-Lead (QFN) Package
Á Cu frame with Ni/Pd/Au

Á 32 lead/die; 576 die/strip 

Á Silver - filled epoxy die attach

Á 2 cases: Oven -cure, snap -cure

Á 25 mm gold wire

Á Commercially avail. Plasma System

Á Argon & Oxygen mixture

Courtesy ASM, C. Vath
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Active Surface

Plasma Generated

Reactive Species

Successful

Wire Bond

Plasma Treatment to Remove Contamination
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ÁOptimized Plasma

ÁMean Pull Strength >10 grams; CpK 2.07

ÁNo Plasma (control)

ÁMean Pull Strength 3.89 grams; CpK 0.03
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Conclusions for This Contamination

ÁPlasma can effectively remove epoxy bleed out 

contamination
Á Argon -Oxygen mixture is both sputtering & oxidizing the 

contamination away

ÁRemoval of contamination results in both higher 

reliability & yield
Á As measured by wire bond pull strength testing & CpK 

calculations

ÁPlasma Improves Wire Bonding
Á Thermal Cure process

>250% improvement in wire bond pull strength

Á Snap Cure process

>25% improvement in wire bond pull strength
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Plasma Before Wire Bonding

Letôs examine another issue for Wire Bondingé

ÁBond Pad Metallization Issues (a.k.a. Bond Pad 
Contamination by Metal Oxide)

30 to 300

 Angstroms

Intermetallic

Compound

Wire

Contamination

Pad



21 | 08 October 2009 | 

Oxide on Pad - Cleaning Experiment

Á Common bond pad metalization: Nanometers of gold (Au) on 

palladium (Pd) on nickel (Ni)

Á Problem: Nickel migrates through gold, forms NiOx on surface   

Ą NiOx contamination causes wire bonding problems

Á Solution: Plasma clean to remove NiOx 

Á However: Top layer of metallization (i.e. thin gold) can be 

sensitive to sputtering
Á Without expertise, possible to remove entire layer of gold in a single 

plasma cycle!

Á Challenge: Find a plasma treatment to clean the NiOx w/o 

removing a significant amount of gold
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Oxide on Pad - Plasma Cleaning Experiment

ÁQuad Flat No-Lead (QFN) Package
Á Cu frame with Ni/Pd/Au (25nm)

Á 32 lead/die; 576 die/strip 

Á Silver - filled epoxy die attach

Á Oven -cure only

Á 25 mm gold wire

Á Commercially avail. gas plasma system

Á Argon only

Á 25 years of plasma know -how
Courtesy ASM, C. Vath
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Active Surface

Plasma Generated

Reactive Species

Successful

Wire Bond

Plasma Treatment to Remove Contamination
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Optimized Plasma vs. No Plasma


