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Background: What is a void?

Graphic Courtesy of Raiyo Aspandiar, Intel



What is a “macro” void?

• Also named “process” voids

• Macro voids typically have a volatile flux 

content evolution root cause



What is a “planar” void?

• Also named “champagne” voids

• Planar voids typically have an incorrect 

plating process root cause

Photos Courtesy of Don Cullen, MacDermid



What is a “shrinkage” void?

• Also named “hot tear” voids

• Shrinkage voids have a solder alloy 

solidification root cause



What is a “microvia” void?

• Microvia voids typically have a volatile flux 

content evolution/microvia interaction root 

cause



What is a “pinhole” void?

• Pinhole voids typically have a incorrect 

plating root cause

Graphic Courtesy of Raiyo Aspandiar, Intel



What is a “Kirkendall” void?

• Kirkendall voids typically have a solder 

diffusion root cause – very controversial topic

Graphic from Vianco reference: P. Vianco et al, “Solid State Intermetallic Compound Layer Growth

Between Copper and 95.5Sn-3.9Ag-0.6Cu Solder”, Journal of Electronic Materials, Vol. 33, No. 9,

2004.



Macro voids: Good or Bad?
• Some say small macro voids are good 

– because they are crack arrestors

• Most believe that large voids in the 

middle of a solder joints are not a 

problem – unless they are HUGE

• Most would agree that the larger a void 

is in the areas where the solder joint 

necks down, the worse it is



Is it possible to make voids on demand? 

(Let’s Make a Void (or Not)

• Several studies have been carried out to look 

at the effect of voiding on solder joint 

reliability.

• In several the amount of voiding has actually 

been quite small – voids < 10% of the joint 

area.  This must be quite frustrating to the 

researchers – voids when you don’t want 

them in production and then not there when 

you want to do research on them!



Dr. Ning Chen Lee’s Void Test Board



Solvents added to solder paste

• carbon disulfide (b.p. 46°C) 

• acetone (56.06°C)

• chloroform (b.p. 61.1°C)

• tetrahydrofuran (b.p. 65°C)

• n-hexane (b.p. 68.7°C)

• ethyl acetate (b.p. 71.11°C)

• water (b.p. 100 °C)

• m-xylene (b.p. 139 °C)

• glycerol (b.p. 290 °C)



Results?

• Nothing significant!

• None with chloroform 

• Addition of solvents in various 

concentration did not lead to 

production of significant voiding

• Carbon disulfide (b.p. 46°C) 

• Chloroform (b.p. 61.1°C)

• No solvent added



Let’s Make a Void (or Not) 5 

Years Later

• Background II – Current IPC JSTD 001 Specification 
Requirement: 

“25% or Less of ball X-ray Image Area”

• The Requirement was Not “Made Up”!

– Data Submitted to JSTD-001 Committee for Field 
Data for Class 3 Airborne Flight Critical Product –
All Inspected per 25% Requirement

• But – Technology Has Changed! Time for a New 
Investigation



Let’s Make a Void (or Not) 5 

Years Later
Test Vehicle:

• 0.5mm 56 I/O BGA

• 0.8mm 288 I/O BGA

• 1.0mm 256 I/O BGA

• Type 1 Micro Vias in 

Pads with 4 Pad Sizes

• 16 Layer, 0.086” thick, 

ENIG PWB



Let’s Make a Void (or Not) 5 

Years Later

•Process Trial:

• 40 Test Vehicles Total

• Total Number of Solder Joints: 229,120

• Total Number of Voids Exceeding the 

JSTD-001 Requirement:

10! (aka ten)=0.004%



Let’s Make a Void (or Not) 5 

Years Later
•Collaborative Effort with Dr. David Bernard of Nordson DAGE:

Average 

Void: 1%-5%



Let’s Make a Void (or Not) 5 

Years Later

A Big Void: 

29.1%!



Let’s Make a Void (or Not) 5 

Years Later
• Ok, We Need Some Help – Let’s Ask TechNet!

• A Few of the “Suggestions”:

• Use a Water Soluble Solder Paste

• Print Test Vehicle and Let Sit for 30 Minutes

• Misprint and Clean

• Extend Time Above Liquidus (TAL)

• Contaminate the Pads (huge choice selection)

• Turn off the Nitrogen Atmosphere

• Pressure Cook the Test Vehicles Before Trial

• Shorten Preheat and High Peak Temperature



Let’s Make a Void (or Not) 5 

Years Later

• New Trial Run – 15 Test Vehicles

• What We Changed:

• Used a Water Soluble Solder Paste

• Turned off the Nitrogen Atmosphere

• Increased Reflow Oven Belt Speed

• Increased Peak Reflow Temperature

•The Results……………..



Let’s Make a Void (or Not) 5 

Years Later

Big Voids: 

29% & 32%!



Future Work

• Conduct Thermal Cycle Testing 

• Conduct Failure Analysis

• Correlate Void Size/Location Vs Thermal Cycle Failure 

Data

• Submit Data to IPC JSTD 001 Committee for Review



Questions ?
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