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ωLƴǘǊƻŘǳŎǘƛƻƴ
ω{ȅǎǘŜƳ ƻǾŜǊǾƛŜǿ 

ωaŜŎƘŀƴƛŎŀƭ ǎŀƳǇƭŜ ǊŜǎǳƭǘǎ
ω9ƭŜŎǘǊƛŎŀƭ ǎŀƳǇƭŜ ǊŜǎǳƭǘǎ
ω{ȅǎǘŜƳ ǇǊƻŘǳŎǘƛƻƴ ǊŜŀŘƛƴŜǎǎ

ωIȅŘǊƻƎŜƴ ǎŀŦŜǘȅ
ω/ƻƴŎƭǳǎƛƻƴ 

Outline
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²ŀŦŜǊ .ǳƳǇ wŜŦƭƻǿ
Å tŀŎƪŀƎƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ŜƭŜŎǘǊƻƴƛŎǎ ŘŜǾƛŎŜǎ Ƙŀǎ ŀŘǾŀƴŎŜŘ ǊŀǇƛŘƭȅ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎ ŘǊƛǾŜƴ ōȅ 
ÅCŜŀǘǳǊŜ ǎƛȊŜ ǊŜŘǳŎǘƛƻƴ
ÅbŜǿ ƳŀǘŜǊƛŀƭǎ ŘŜǾŜƭƻǇŜŘ
ÅLƴŎǊŜŀǎŜŘ ŘŜǾƛŎŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅκǊŜƭƛŀōƛƭƛǘȅ
Å/ƻǎǘ ǊŜŘǳŎǘƛƻƴ  
Å9ƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴ

Å ¢ƘŜ Ƴƻǎǘ ŦǳƴŘŀƳŜƴǘŀƭ ŀƳƻƴƎ ǘƘŜ ŀŘǾŀƴŎŜŘ ǇŀŎƪŀƎƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ƛǎ ǘƘŜ ǳǎŜ ƻŦ ǿŀŦŜǊ ōǳƳǇƛƴƎ ŀƴŘ 
ǿŀŦŜǊπƭŜǾŜƭ ŎƘƛǇπǎŎŀƭŜ ǇŀŎƪŀƎƛƴƎ

Å hǳǊ ŎǳǊǊŜƴǘ ŦƭǳȄ ŦǊŜŜ ǘŜŎƘƴƻƭƻƎȅ ǇƭŀǘŦƻǊƳ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǿŀŦŜǊ ōǳƳǇƛƴƎ ǇǊƻŎŜǎǎΥ ǿŀŦŜǊ ōǳƳǇ ǊŜŦƭƻǿ 
ŀƴŘ ŎƻǇǇŜǊ ǇƛƭƭŀǊ ǊŜŦƭƻǿ

Electroplated bump Reflowed bumpSolder bumps are formed 
over an entire wafer

wŜŦƭƻǿŜŘ ŎƻǇǇŜǊ 
ǇƛƭƭŀǊ 
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Key Requirement: Surface Oxide Removal
Å¢ƘŜ ǊŜŦƭƻǿŜŘ ǿŀŦŜǊ ƛǎ Ŏǳǘ ƛƴǘƻ ƛƴŘƛǾƛŘǳŀƭ ŎƘƛǇǎΣ ǿƘƛŎƘ 
ǘƘŜƴ Ǝƻ ǘƘǊƻǳƎƘ ǎǳōǎŜǉǳŜƴǘ ǇŀŎƪŀƎƛƴƎ ǇǊƻŎŜǎǎŜǎ

ÅLƴ ǘƘŜ ǇŀŎƪŀƎŜŘ ŘŜǾƛŎŜǎΣ ǘƘŜ ŦƻǊƳŜŘ ōǳƳǇǎ ǎŜǊǾŜ ŀǎ 
ŜƭŜŎǘǊƛŎŀƭ ŀƴŘ ƳŜŎƘŀƴƛŎŀƭ ŎƻƴƴŜŎǘƛƻƴǎ 

ÅhƴŜ ƻŦ ǘƘŜ ƪŜȅǎ ŦƻǊ ǎǳŎŎŜǎǎŦǳƭ ǿŀŦŜǊ ōǳƳǇ ǊŜŦƭƻǿ ƛǎ ǘƻ 
ŜƴǎǳǊŜ ŀƴ ƻȄƛŘŜπŦǊŜŜ ƳƻƭǘŜƴ ǎƻƭŘŜǊ ǎǳǊŦŀŎŜ 

Å!ƴȅ ƻȄƛŘŜ ƭŀȅŜǊ ŀŎǘǎ ŀǎ ŀ ǎƻƭƛŘ ǎƪƛƴ ǘƻ ŎƻƴǎǘǊŀƛƴ ƳƻƭǘŜƴ 
ǎƻƭŘŜǊΩǎ ŦƭƻǿΣ ǘƘǳǎ ŀŦŦŜŎǘƛƴƎ ōǳƳǇ ŀǇǇŜŀǊŀƴŎŜ ŀƴŘ ǎƘŀǇŜ 
ŎƻƴǾŜǊǎƛƻƴ
Å¢ƘŜ ƻȄƛŘŜ ǊŜŘǳŎǘƛƻƴ ƛǎ ƳƻǊŜ ŎǊƛǘƛŎŀƭ ŀƴŘ ŘƛŦŦƛŎǳƭǘ ŀǎ ǘƘŜ 
ǎƛȊŜ ŘŜŎǊŜŀǎŜǎ

{ƛƴƎƭŜ ŎƘƛǇǎ 

Solder 
connections
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Conventional Flux-based Oxide Removal
ωProcess of record for eliminating solder oxides is by coating wafers with a flux and then reflow in N2    

and has issues:

- Flux volatiles 
ωVoid formation in solder bumps, thus degrading solder joint properties 
ωFlux volatiles condense on the furnace walls, thus causing frequent maintenance for cleaning and production downtime 

ωExposure to flux fumes

- Flux residues
ωResidue contaminations on wafer surface, thus requiring a post cleaning

ωChallenges for post cleaning of fine pitch and high-aspect ratio bumps and copper pillars
ωHazardous wastes

ωFlux-free process is strongly preferred 

/ƻǇǇŜǊ ǇƛƭƭŀǊ ōǳƳǇǎVoids inside solder 
bumps

CǳǊƴŀŎŜ ŎƭŜŀƴƛƴƎ
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CƭǳȄπŦǊŜŜ aŜǘƘƻŘǎ ǘƻ wŜƳƻǾŜ aŜǘŀƭ hȄƛŘŜ  
ωKnown flux-free technologies have limitations

- Formic acid vapor  
ωIs not completely residue free
ωRequires bubbler system to introduce formic acid
ωVacuum based chamber system for oxide removal

- H2 or forming gas
ωwŜǉǳƛǊŜǎ ǘŜƳǇŜǊŀǘǳǊŜǎ җ орл°C for thermal activation of H2 molecules
ωRequires flammable H2ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ όҗ р vol%) to hasten the oxide reduction

- Plasma-activated H2

ωIs not effective at atmospheric pressure 
ωNeeds to be operated in vacuum, resulting in a batch process   

Atmospheric plasma (DBD)
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Novel Flux-free Technology with EA

EA in operation

ωPrinciple of Electron Attachment (EA) for hydrogen 
activation
- To dissociate H2 molecules and form hydrogen anions

- Air Products patented technology
- Operable at ambient pressure and normal solder reflow temperatures 

using nonflammable mixtures of H2 and N2 (5% H2 in N2)

- Completely residue free and environmentally benign

π²ƘŜƴ ƭƻǿπŜƴŜǊƎȅ ŜƭŜŎǘǊƻƴǎ όғ мл Ŝ±ύ ŎƻƭƭƛŘŜ ǿƛǘƘ IнƳƻƭŜŎǳƭŜǎΣ 
ǎƻƳŜ ŀǊŜ ŎŀǇǘǳǊŜŘ ōȅ IнƳƻƭŜŎǳƭŜǎΣ ǇǊƻŘǳŎƛƴƎ ŀǘƻƳƛŎ ŀƴƛƻƴǎ ŀƴŘ 
ƴŜǳǘǊŀƭ ŀǘƻƳǎ

ω5ƛǎǎƻŎƛŀǘƛǾŜ ŀǘǘŀŎƘƳŜƴǘΥIнҌ ŜҦ Iнϝ Ҧ IҌ I

ω5ƛǊŜŎǘ ŀǘǘŀŎƘƳŜƴǘΥI Ҍ ŜҦ Iϝ 

π¢ƘŜ ŦƻǊƳŜŘ ŀǘƻƳƛŎ ƘȅŘǊƻƎŜƴ ŀƴƛƻƴǎ Ŏŀƴ ōŜ ŘƛǊŜŎǘŜŘ ǘƻ ǘƘŜ 
ǎƻƭŘŜǊƛƴƎ ǎǳǊŦŀŎŜǎ ŦƻǊ ƻȄƛŘŜ ǊŜŘǳŎǘƛƻƴ 

ω{ǳǊŦŀŎŜ ŘŜπƻȄƛŘŀǘƛƻƴΥ нIҌ {ƴhҦ {ƴ Ҍ Iнh Ҍ нŜ



8

!ŘǾŀƴǘŀƎŜǎ ƻŦ 9! .ŀǎŜŘ wŜŦƭƻǿ
ωAtomic hydrogen anion (H ) formed under EA is a strong reducing agent

- Free of chemical bond
- Good electron donor
ωEA environment is singly negative, thus extending the lifetime of H

ωH  automatically moves to the soldering surface driven by an electrical field

ωAmbient pressure is more favorable than vacuum for forming H  by EA

ωN2 is inert to EA and can assist in the formation of H

ωEA flux-free process is completely residue free
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Current Status of EA Based FluxlessReflow
ωDemonstrated concept and efficiency of EA technology for oxide removal

ωShowed a potential of EA technology for a list of applications in electronics packaging: 
bump reflow, flip chip, die attach. 

ωAir Products has partnered with Sikama on building EA-enabled furnace for production-
scale wafer bump reflow

ωAlpha trials are being conducted at a R&D lab of Air Products  

ωBeta system being completed for production scale trials

ωVarious wafers received from key prospects have been processed through the furnace 

- Includes electroplated UBM bumped wafers and copper pillar wafers

ωThe reflowed wafers have passed standard quality inspections by the prospects 
providing the wafer samples
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9! {ȅǎǘŜƳ hǾŜǊǾƛŜǿ 

UP1200 EA-enabled furnace

ωwƻƭƭŜǊ ǎȅǎǘŜƳ ŦƻǊ ǿŀŦŜǊ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ όсл 
ǿŀŦŜǊǎκƘƻǳǊύ

ω/ŀǇŀōƭŜ ƻŦ ƘŀƴŘƭƛƴƎ ǿŀŦŜǊǎ ǳǇ ǘƻ олл ƳƳ ƛƴ ǎƛȊŜ

ωbƻƴπŎƻƴǘŀŎǘ ƘŜŀǘƛƴƎ ƛƴ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ŦƻǊŎŜŘ 
ŎƻƴǾŜŎǘƛƻƴ όҟ¢ Җ нɕ/ύ

ωwŜŦƭƻǿ ȊƻƴŜ ƻǇŜǊŀōƭŜ ǘŜƳǇŜǊŀǘǳǊŜ ǳǇ ǘƻ пллɕ/

ωCǳƭƭȅ ŎƻƳǇǳǘŜǊ ŎƻƴǘǊƻƭƭŜŘ ŦǳǊƴŀŎŜ ƻǇŜǊŀǘƛƻƴ  

ωCƻƻǘ ǇǊƛƴǘΥ мфмΦрлέ · псΦсέ   όпΦф Ƴ Ȅ мΦн Ƴύ

²ŀŦŜǊ ƳƻǾƛƴƎ ƻƴ ŎŜǊŀƳƛŎ ǊƻƭƭŜǊǎNon-contact heating
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EA System Overview (ŎƻƴΩǘ.) 
ω 8 zone furnace with four sections using forming gas of 5% 

H2 in N2

ς 5 % H2 in N2 introduced into 2nd preheat section, two EA 
sections and reflow section

ς 100% N2 for other zones

ω O2 level as low as 5 ppm are consistently achieved

ω For each EA zone, an electron emission apparatus is 
mounted on the top side 

ω Before entering reflow zone, wafers are exposed to EA 
environment for oxide removal

9ƭŜŎǘǊƻƴ ŜƳƛǎǎƛƻƴ ŀǇǇŀǊŀǘǳǎWater moving into EA zone

EntrancePreheat 1 Preheat 2 EA 1 EA 2 Reflow Cooling 1 Cooling 2 



мн

aŜŎƘŀƴƛŎŀƭ ¢Ŝǎǘ  LɐƴŘƛǾƛŘǳŀƭ .ǳƳǇ wŜŦƭƻǿ
ωBump reflow quality by EA reflow
ςAcceptable IMC layer 

ςFull bump shape conversion 

ωWithout EA, the reflowed bumps have a rough surface 
and incomplete shape change

ωWith EA, the reflowed bumps are smooth and 
spherical, exhibits consistent diameter and height than 
that of flux-reflowed bumps IMC layer of tin-based lead-free

solder bump after reflow with EA

Before reflow Reflow without EA wŜŦƭƻǿ ǿƛǘƘ 9!Reflow with flux



мо

aŜŎƘŀƴƛŎŀƭ ¢Ŝǎǘ  !ɐǊǊŀȅ .ǳƳǇ wŜŦƭƻǿ
ωBump reflow quality by EA reflow
ςWithout EA, the reflowed bumps have surface collapses and non uniform shape 

ςWith EA, solder bumps are completely reflowed with uniform bump height 

Wafer #1

Wafer #2

Before reflow wŜŦƭƻǿ ǿƛǘƘƻǳǘ 9!Reflow with EA



мп

aŜŎƘŀƴƛŎŀƭ ¢Ŝǎǘ  .ɐǳƳǇ wŜŦƭƻǿ !ŎǊƻǎǎ мнϦ ²ƛŘǘƘ
ω Bump reflow quality by EA reflow

ς/ƻƴǎƛǎǘŜƴǘ ōǳƳǇ ǳƴƛŦƻǊƳƛǘȅ ŀŎǊƻǎǎ ǘƘŜ ǿƛŘǘƘ ƻŦ ŀ мнέ ƳƻǾƛƴƎ ǿŀŦŜǊ  

ω Free of extra solder and foreign materials on wafer surface

Uniform bump shape by reflow with EA

Clean wafer surface after reflow with EAWafer movement through furnace 



мр

aŜŎƘŀƴƛŎŀƭ ¢Ŝǎǘ  πCǳƭƭ уϦ ²ŀŦŜǊ wŜŦƭƻǿ
ωCustomer standard quality inspections of full wafers with EA reflow
ς!hL ό!ǳǘƻƳŀǘƛŎ ƻǇǘƛŎŀƭ ƛƴǎǇŜŎǘƛƻƴύ ǎƘƻǿǎ ǘƘŀǘ ōǳƳǇ ƘŜƛƎƘǘ ŀƴŘ ōǳƳǇ ŘƛŀƳŜǘŜǊ ŀŎǊƻǎǎ ŀƴ уέ Ŧǳƭƭ 

wafer are within specifications 

ςAll shear failures are within solder bumps and shear strengths well exceed the criterion   

.ǳƳǇ ƘŜƛƎƘǘ ŘƛǎǘǊƛōǳǘƛƻƴ ƳŀǇ ŀƴŘ ŘŀǘŀBump diameter distribution map and data

Bump shear failure and data



мс

Mechanical Test  - Full 8" Wafer Reflow
ωCustomer standard quality inspections of full 

wafers with EA reflow
ςBump void inspection by x-ray passes criterion (< 8% of 

bump area)

ωLow number of bump void

ωSmall void size (~3% of bump area)

ωComparison
ςLarger void number and size were found in the same 

type wafer reflowed with a flux

·πǊŀȅ ƛƳŀƎŜ ŦƻǊ ǊŜŦƭƻǿ ǿƛǘƘ 9!  

12.3% void

·πǊŀȅ ƛƳŀƎŜ ŦƻǊ ǊŜŦƭƻǿ ǿƛǘƘ ŦƭǳȄ 

3% void


