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What makes materials
stick (bond) together?

Mass Transfer
Example : Diffusion bonding in welding process
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A+B mixture
Charge Transfer
Example: Deposition of films in high vacuum
Al film
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Solder Joint Formation
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Tin Oxide

Copper Oxide \

Molten Pb-Sn Solder

Copper

Oxides and Oxidation
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Soldering Methods

Solder Reflow Solder

Paste Solder Preform

T~

Oxidation  (SnO_, InO,)
causing

poor bonding

T

Flux Scrubbing Fluorine
Cleaning Voids

of flux Inhomogeneity
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SnO,F,
Fresh . Pb-Sn
Surfa\ce / Solder

SnO, +yF —> SnO,F,

Fluorine Treated Fluxless Process



xide

Solder

Scrubbing Action
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Flux Action

Molten Pb-Sn
solder

Tin oxide
Flux + Salts

Copper oxide \
F%}gﬁw e

<

Not to scale

2 R-COOH +CuO - (R-COO), Cu + H,0O
2 R-COOH+Sn0 -  (R-COO), Sn + H,0
For Abietic Acid, R = Cy9Hyg

resh

Molten flux converts oxides into salts to expose h
solder and base metal, and shield them from further
oxidation



 SPARE s AD) |
g pou k] AT 'splof) : o dwp:3ing Kpanixg

WL~ 0] ey

..mtr\oqf : uﬁ:

o..tus 1/ %
- 1
|

’A/.. |
<€ u.§|\ :Lr%r

— L

la \&..ow\mu.\ | 0m \u&c \\P
(WD)
v“\q&.s '/ u.ﬁ:& Y .WEE ) S



SAM image of 125 pm-thick GaAs die bonded
on 0.83 mm-thick Be-Cu substrate using soft solder



Oxidation-Free Fluxless Approach

Remove the Origin of
Problems - Oxidation
n

1. Material Production

2. Bonding Process



How ?

Vacuum Deposition

Outer Protection Layer

o . Yes
Processing 1n Inert Environment g

Mo

Dissolution of Protection Layer
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In Consideration : Al, Ga, Sb, Fe, Zn

Material Systems Studied

UCLA2002



Summary

I. Review of the soldering process

2. Oxidation-free fluxless processes
Nearly perfect joints achieved (SAM)
High shear strength
Control of joint thickness
Control of alloy composition and physical properties
High temperature joints at low process temperature

3. Fluxless bonding processes in air.

4. Applications : MEMS, photonics, and high
temperature devices
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