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Senior Vice President of DfR Solutions, has been involved in the 
packaging and reliability of electronic equipment for more than 
ten years. His specialties include best practices in design for 
reliability, robustness of Pb-free, failure analysis, accelerated 
test plan development, finite element analysis, solder joint 
reliability, fracture, and fatigue mechanics of materials. 

Nathan Blattau, Ph.D.



© 2004 - 2007© 2004 - 2010©2016 DfR Solutions  |9000 Virginia Manor Rd., Suite 290, Beltsville, MD 20705 | 301-474-0607 | www.dfrsolutions.com©2016 DfR Solutions  |9000 Virginia Manor Rd., Suite 290, Beltsville, MD 20705 | 301-474-0607 | www.dfrsolutions.com

o Mechanical Shock / Drop

o Cyclic

o Low cycle fatigue

o High cycle fatigue

o Overstress

o Mechanical failures occur due to either overstress/low 

cycle/high amplitude events (shock/bending) and high 

cycle/low amplitude events (vibration/bending)

o Low amplitude shock events can generate high cycle fatigue 

failures (>100,000 shock events)

Background
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o Overstress events
o Anytime the yield stress of solder is 

exceeded there is a potential for 
cracking or breaking something

o Low cycle fatigue (LCF) is 
driven by inelastic strain (Coffin-
Manson)
o Difficult to provide predictions under 

100 events/cycles

o Considered relevant out to 
10,000 cycles

o High cycle fatigue (HCF) is driven 
by elastic strain (Basquin)
o Primarily vibration, but can be 

bending/shock as well

o Failures above 100,000 cycles

Background (cont.)
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Catching Problems: Earlier is Cheaper

5

Reduce Costs by Improving 

Reliability Upfront
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o Component level

o Usually for hermetic packages

o Assembled package level

o JEDEC 22B111

o Designed to test the interconnects of a electronic component 
for mobile type environment

o Subassembly level

o JESD22-B110A, Subassembly Mechanical Shock

o Assembly level

Levels of Testing
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o Over stress of the interconnect structure due mechanical 

loads generated during a shock/drop event

o Over stress failures are very difficult to predict

o Weibull slopes are usually around 1, suggesting a random failure 

distribution

o The probability of failure on the 1st drop is the same as the 100th

drop

Overstress - Mechanical Shock
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Drop / Mechanical Shock

Drop (Mechanical Shock)
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o Tend to be overly focused on 

drop, but excessive flexure 

can occur at multiple points 

post-assembly

Mechanical Shock Events
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Excessive Flexure
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o Initially driven by experiences 
during shipping and transportation

o Increasing importance with use 
of portable electronic devices
o A surprising concern for portable 

medical devices

o Floor transitions 
(1 to 5 inch ôdropõ)

o Environmental definitions
o Height or G levels

o Surface (e.g., concrete)

o Orientation (corner or face)

o Number of drops

Mechanical Shock / Drop
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Environmental Definitions (Example)

JESD22-B110A, Subassembly Mechanical Shock
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o Due to todayõs low profile 
surface mount components, 
shock failures are primarily 
driven by board flexure
o BGAs donõt care about in-plane shock

o Specific failure modes are
o Pad cratering (A,G)

o Intermetallic fracture (B, F)

o Component cracking

o Shock tends to be an overstress 
event (though, not for car
doors)
o Failure distribution is ôrandomõ

Mechanical Shock Failures
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Mechanical Shock Failure Modes
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o Cracking initiating within the laminate during a 

dynamic mechanical event

o In circuit testing (ICT), board depanelization, connector 

insertion, shock and drop, etc.

Pad Cratering

G. Shade, Intel (2006)
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Pad Cratering

16

Â Drivers

Ç Finer pitch components (only seen 

under solder balls)

Ç More brittle laminates

Â Difficult to detect using standard 

procedures

Ç X-ray, dye-n-pry, ball shear, and 

ball pull

Intel (2006)
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o May require additional characterization
o E.g., high-speed pull test

o May require redesign
o Solder mask defined vs. non-solder mask defined

o May require limitations on board flexure
o 750 to 500 microstrain

o Component dependent

o ICT fixture, Mount points

o May require new solder
o SAC305 is relatively rigid

o SAC105 and SNC are possible alternatives

Solutions to Pad Cratering
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o Shock failure at 
intermetallic 
interface

o Low or high cycle 
fatigue typically 
manifests as a 
crack through the 
bulk of the solder

Intermetallic Fracture

Cross section from 1500G, SAC305 sample with isothermal preconditioning

Cross section from 1500G, SnPb sample with isothermal preconditioning
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o Tin and copper bond to form brittle intermetallicsof Cu3Sn 

and Cu6Sn5

o Irreversible

o Occurs rapidly in the liquid state, but rate still appreciable in solid 

state (even at room temperature)

o Multiple reheat cycles or excessive reflow heating can 

weaken solder joints

o Total intermetallic thickness after all assembly and rework should be: 

o AT LEAST: 1 um thick (average) to ensure adequate bonding

o BUT NOT MORE THAN:  5 um thick to ensure sufficient strength

o At 10 um thickness, joint strength decreases by 80% , leading to 

a high potential of joint failure

Intermetallic Basics
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Intermetallic Growth

20

Cu3Sn Layer

Cu6Sn5 Layer

Cu pad

Solder
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Intermetallic Growth:  Micro-Voiding

21

Â Void formation observed between 

copper plating and copper/tin 

intermetallics

Ç Results in dramatic drop in 

mechanical shock performance

Â Very intermittent

Ç Example: 1 out of 20 plating 

baths

Borgensen, UIC
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Intermetallic Growth:  Micro-Voiding

22

Â Voids result from gas formation from additives within electrolytes (not a Pb-
free issue)

Ç Variability due to different electrolytes, plating conditions for same electrolyte, 
local conditions

Â New additives present due to changes in formulation of copper plating

Ç Driven by silicon chip interconnection requirements

Â Silicon manufacturing is aware that electrodeposited copper for on-chip 
interconnects can entrap significant amount of additives

Ç Additives removed through high-temperature annealing

Â D. Henderson of IBM demonstrated elimination of void formation through 
high temperature pre-annealing of copper plating
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Intermetallic Type

23

Electroless Nickel Immersion Gold (ENIG) forms tin nickel intermetallics 

which are weaker than tin copper intermetallics


