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Executive Summary: 
The head-in-pillow defect has become a relatively common failure mode in the industry since the 
implementation of Pb-free technologies, generating much concern.  A head-in-pillow defect is the 
incomplete wetting of the entire solder joint of a Ball-Grid Array (BGA), Chip-Scale Package (CSP), or 
even a Package-On-Package (PoP) and is characterized as a process anomaly, where the solder paste 
and BGA ball both reflow but do not coalesce.  When looking at a cross-section, it actually looks like a 
head has pressed into a soft pillow.  There are two main sources of head-in-pillow defects: poor wetting 
and PWB or package warpage.  Poor wetting can result from a variety of sources, such as solder ball 
oxidation, an inappropriate thermal reflow profile or poor fluxing action.  This paper addresses the three 
sources or contributing issues (supply, process & material) of the head-in-pillow defects.   



It will thoroughly review these three issues and how they relate to result in head-in-pillow defects.  In 
addition, a head-in-pillow elimination plan will be presented with real life examples will be to illustrate 
these head-in-pillow solutions. 

 
 
Contact Information: 
Mario Scalzo CSMTPE, CIS 
Sr. Tech Support Engineer 
Dartmouth 6s Black Belt 
34 Robinson Rd. 
Clinton, NY, USA 13323 
315-853-4900 x7542 
Email: mscalzo@indium.com 
Blog: Indium.com/mario 
Skype: mario.scalzo3 





Agenda
 Overview

 I s s u e s

 Supplier

 Process

 Material

 Solut ions

 Supplier

 Process

 Material

 S t e p s  f o r w a r d

 Current  so lut ions

 Ca s e  s t u d y

 Technology roadmap



Overview

■ Why is  i t  an  issue?

 Still passes ICT & function testing

 Cause of  f ield fai lures



Overview

■ Type A - Poor Wetting
(Random)

Source: Nikkei Electronics Asia (August 2006)

■ Type B - Warpage
(Edge or center effect)



Supplier Issues

 Sphere Oxidation

 Uncontrolled manufacturing

 Packaging

 Storage

 Silver Segregation

 Cases seen as high as 36%

silver content at the surface.

 Silver tailing

 Beyond Indium's control



 Pr in t ing
 Registration accur
 Improper printer s
 Stencil Design

 P l a c e m e n t
 Off pad
 Out of plane
 Pressure

 Reflow
 Warpage
 Flux  exhaus t ion

Process Issues
Printing

 Registration accuracy

 Improper printer setup

 Stencil Design

 Placement

 Off pad

 Out of plane

 Pressure

 Reflow

 Warpage

 Flux exhaustion



Material Issues

 Poor transfer efficiency
 Insufficient oxidation barrier

 Low stability



Process Solutions

 Print ing opt imizat ion

 Pr in t  measurement  & da ta  t rack ing

 Calibration /  upgrade

 Placement

 Local  f iducials (pad)

 Estab l i sh  process  cont ro l s

 Calibration /  upgrade

 Reflow

 Aware of  component  temperature  rest ra ints

 Avoid excessive heat exposure (time & temperature)

 Adequate t ime above l iquidus (TAL)

 On site Indium technical support



Testing... 
Slump Resistance 
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Undesired Reflow

Phenomena
Oxidation Resistance Testing

 90s Time above liquidus (TAL)

 25 oC above l iquidus

 Sn/Pb  and  SAC al loy

 SAC sphere



Undesired Reflow

Phenomena

Poor Oxidation Barrier

Graping

Good Oxidation 

Undesired Reflow

Phenomena

Poor Oxidation Barrier

Graping

Good Oxidation 

Undesired Reflow

Phenomena

Poor Oxidation Barrier

Graping

Good Oxidation 



Material Solutions

Dipping process (flux or paste)

■ Flux

Increases activity

Extra oxidation barrier

 Paste

Type 5

Metal load

Flux rheology

 Flux or paste can also be 

rework



Material Solutions

 Paste properties
 High transfer efficiency
 Oxidation barrier
 Long stencil life & response 

to pause
 Increased activity



Conclusion

 Random HIP Defects
 Look for supplier / storage issues

 Edge / Center HIP Defects
 Look for process issues (placement / warpage)

 Paste properties can overcome HIP defects
 Look for high transfer efficiency
 Look for "stringy" pastes
 Look for a high oxidation barrier
 Look for slump resistance

 You are not alone
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