ProductionReady, Fluafreé Bump Reflow
System With Activated Hydrogen

Air Products and Chemicals, Inc.
Sikama International, Inc.
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Key Requirement: Surface Oxide Removal
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Conventional Flubased Oxide Removal

w Process of record for eliminating solder oxides is by coating wafers with a flux and then reflow in N
and has issues:
- Flux volatiles

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

w Exposure to flux fumes

- Flux residues
w Residue contaminations on wafer surface, thus requiring a post cleaning
w Challenges for post cleaning of fine pitch and kaglpect ratio bumps and copper pillars
w Hazardous wastes

w Fluxfree process is strongly preferred
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w Known fluxfree technologies have limitations

- Formic acid vapor
w Is not completely residue free
w Requires bubbler system to introduce formic acid
w Vacuum based chamber system for oxide removal

- H,or forming gas
wwSlj dzA NB & (S Y QSNheimaksdsviationof janplecules
w Requires flammable JO 2 y OS y (i Nvol?e) 8 kagten dhi oxiole reduction

- Plasmaactivated H
w Is not effective at atmospheric pressure
w Needs to be operated in vacuum, resulting in a batch process
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Novel Fluxfree Technology with EA

w Principle of Electron Attachment (EA) for hydrogen
activation

- To dissociate Jimolecules and form hydrogen anions Electron emission apparatus
- Air Products patented technology — —

; : H, ¢ Nz e © e H, H,/N,
- Operable at ambient pressure and normal solder reflow tempera N H H, N, N, ot 1 atm
using nonflammable mixtures of,ldnd N, (5% Hin N,) = u I .~ py f e
- Completely residue free and environmentally benign 7—\
Wafer being reflowed Transportation system
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wAtomic hydrogen anionHl ) formed under EA is a strong reducing agent

- Fee of chemical bond
- Good electron donor
w EA environment is singly negative, thus extending the lifetime of H
wH automatically moves to the soldering surface driven by an electrical field

wAmbient pressure is more favorable than vacuum for forming by EA

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

w EA fluxfree process is completely residue free 7
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Current Status of EA BasdéduxlesdReflow

wbDemonstrated concept and efficiency of EA technology for oxide removal

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

wAIr Products has partnered with Sikama on buildingeB&bled furnace for production
scale wafer bump reflow

wAlpha trials are being conducted at a R&D lab of Air Products
wBeta system being completed for production scale trials

wVarious wafers received from key prospects have been processed through the furnace
- Includes electroplated UBM bumped wafers and copper pillar wafers

wThe reflowed wafers have passed standard quality inspections by the prospects
providing the wafer samples
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EA System Overview)(2 y) Q (

w 8 zone furnace with four sections using forming gas of 5%
H2 in N2

¢ 5% Hin N, introduced into 29 preheat section, two EA

sections and reflow section
¢ 100% Nfor other zones ole 'TL'- ol e ®
w O,level as low as 5 ppm are consistently achieved

w For each EA zone, an electron emission apparatuSdS: r a mc e e apreneat2 EAL  EA2  Refow Co o lli Sapling 2
mounted on the top side

w Before entering reflow zone, wafers are exposed to EA
environment for oxide removal
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w Bump reflow quality by EA reflow
¢ Acceptable IMC layer
¢ Full bump shape conversion

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

wWith EA, the reflowed bumps are smooth and
spherical, exhibits consistent diameter and height tha

that of fluxreflowed bumps IMC layer of tifbased leaefree
solder bump after reflow with EA

wWSTft26 6A0K Reflowwith flux
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w Bump reflow quality by EA reflow
¢ Without EA, the reflowed bumps have surface collapses and non uniform shape
¢ With EA, solder bumps are completely reflowed with uniform bump height

Wafer #1

Wafer #2
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w Bump reflow quality by EA reflow
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w Free of extra solder and foreign materials on wafer surface

.. SIKAMA Clean wafer surface after reflow with EA
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w Customer standard quality inspections of full wafers with EA reflow
¢l!hL 6! dzi2YFGAO 2LIWNAOIE AYyaLISOGA2Yy 0 aKz2ga GKI
wafer are within specifications
¢ All shear failures are within solder bumps and shear strengths well exceed the criterion
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62+ 15 um P
59 1um i f +20%/-10%
62 Bum ANG BD 90 _2um
Max BD 91.9
48 7um um
Min BD 88 0um
1.42um -
BD Sigma 0.47um

AVG

Max

Min

3.70

4.11

3.34
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Mechanical Test- Full 8" Wafer Reflow

w Customer standard quality inspections of full
wafers with EA reflow

¢ Bump void inspection by-ray passes criterion (< 8% of
bump area)
wLow number of bump void
wSmall void size (~3% of bump area)

3% void

w Comparison

¢ Larger void number and size were found in the same
type wafer reflowed with a flux
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