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Presentation / Copyright Notice

The presentations in this publication comprise the pre-workshop 
Proceedings of the 2016 BiTS Workshop. They reflect the authors’ 
opinions and are reproduced here as they are planned to be presented 
at the 2016 BiTS Workshop. Updates from this version of the papers 
may occur in the version that is actually presented at the BiTS
Workshop. The inclusion of the papers in this publication does not 
constitute an endorsement by the BiTS Workshop or the sponsors.

There is NO copyright protection claimed by this publication. However, 
each presentation is the work of the authors and their respective 
companies: as such, it is strongly encouraged that any use reflect 
proper acknowledgement to the appropriate source. Any questions 
regarding the use of any materials presented should be directed to the 
author/s or their companies.

The BiTS logo and ‘Burn-in & Test Strategies Workshop’ are trademarks 
of BiTS Workshop.
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RE-BALLING BGA WITH GOLD PLATED 

COPPER SPHERES, THE NEED AND THE 

SMT CHALLENGES

Emad Al-Momani & Jack Mumbo

Intel Corp

Introduction

Socketing of current BGA packages have reliability limitations  due to 

oxidation & soft nature of SAC solder. Re-balling with gold plated copper 

balls resolves some of these issues.

Potential applications includes but not limited to:

• Enabling gripping type socket technologies for packages with 

small or bump type solder (no equator)

• Improving long term reliability in HVM type BGA sockets where 

Fretting Corrosion, Intermetallic Formation, Electromigration and 

creep damages are common at the interface of solder ball to 

socket’s contact pin. 

BGA Balls Damage 

Caused by Socket

Oxide growth on SAC BGA BGA Balls Gouging 

from socket

No equator solder 

bump
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BGA Substrate with printed 

Solder paste

Solder wicking (Cu Sphere

completely enveloped with

solder) 

Cu Sphere bonding  to pad is 

strong enough to peel copper pad 

on package

Stencil to enable placement of 

the copper sphere

2. Quality of the attached copper spheres:
• Solder wicking: solder should not cover the upper half of the sphere
• Missing copper spheres
• Bond strength of copper spheres to substrate pad

Challenges:

1. Developing a refined Copper Sphere attachment process

Ideal attachment should have a centered sphere on pad with no solder above its 

equator.
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Parameter Value

Copper Sphere Diameter (X1) 8 11 13

PCB Pad Diameter (X2) 10 SMD 11 SMD 11 NSMD

Stencil Aperture Diameter (Y1) 3, 4, 5, 6, 7, 8mil

Stencil Thickness (Y2) 2mil 4mil

Reflow Device Oven SRT

Table 1. Summary of the experimental parameters

Experiments:

The following table details the factors that were studied and its associated levels. 

More than thirty different experiments were conducted.
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Solder Paste Volume Calculation:

X1: Cupper Sphere Diameter

X2: Pad diameter

Y1: Stencil aperture diameter

Y2: Stencil thickness

Conclusion:

This research highlighted the need for re-balling BGAs with gold

plated copper spheres. It summarized the best practices for the

sphere attachment processes, including a formula to calculate the

amount of solder required to attach a certain size copper sphere while

achieving a good quality. The quality was represented by strong

enough bonding force and no solder wicking. More details will be the

topic of a future publication.
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