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Nathan Blattau, Ph.D.

SeniorVice 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 dPbfree, failure analysis, accelerated

test plan development, finite element analysis, solder joint
reliability, fracture, and fatigue mechanics of materials.
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Background

o Mechanical Shock / Drop
o Cyclic
o Low cycle fatigue
o High cycle fatigue
o QOverstress

o Mechanicafailuresoccur due t@ither overstress/low
cycle/high amplitude events (shock/bending) and hic
cycle/low amplitude events (vibration/bend)ng

o Low amplitude shock events can generate high cycle fatigL
failures (>100,000 shock events)
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Background (cont.)

o Qverstress events

o Anytime the yield stress of solder
exceeded there is a potential for
cracking or breaking something

o Lowcycle fatigue (LCF) is
drivenby inelastic strain (Coffir

Mansoh

o Difficult to provide predictions unc

Rewversals To Failure, 2Nf

100 events/cycles (g scale)
o Considered relevant out to
10,000 cycles
o High cycle fatigue (HCF) is driven
by elastic strainBasquih e =

o Primarily vibration, but can be ©
bending/shock as well

o Failuresabove 100,000cycles
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Catching Problenksarlier is Cheaper

1000 x

Cost Of Unreliability
2x More

CONCEPT DESIGN VALIDATION PRODUCTION

B 'deas/Sketches B Lost Market Share
. Engineering/Design - Verification/Testing
. Specs/Drawings " Lost Production

BB Warranty/Recall
B Prototype Parts
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Levels of Testing

o Component level
o Usually for hermetic packages

o Assembled package level
o JEDEC 22B111

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

o Subassembly level
o JESD2:B110A, Subassembly Mechanical Shock

o Assembly level
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OverstressMechanical Shock

o QOver stress of the interconnect structure due mechanica
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 failul
distribution

o The probability of failure on thestidrop is the same as the 100
drop
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Drop / Mechanical Shock
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Mechanical Shock Events

H1.5M 15D

o Tend to be overly focused off
drop, but excessive flexure
can occur at multiple points
postassembly
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Excessive Flexure
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Mechanical Shock / Drop

o Initially driven by experiences
duringshipping and transportation

o Increasingmportance with use
of portable electronic devices

o A surprising concern for portable
medicaldevices

o Floor transitions

1 to 5 1 nch i
o Environmentdkefinitions | = /\\
o Height or G levels /T\
o Surface (e.g., concrete) : AN L
o Orientation (corner dace)
o Number of drops :
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Environmental Definitions (Example)

JESD22-B110A, Subassembly Mechanical Shock

Table 2a — Portable subassembly service condition test levels (English units)

Service Equivalent drop Velocity change  Peak acceleration Pulse duration
condition height (in) (in/s) (G) (ms)
max / reduced max / reduced max / reduced max / reduced
Pl 59 /32 214 /157 235 / 188 37/ 34
P2 51728 199 / 147 225 / 181 36/ 33
P3 44 /24 184 /136 214 /173 35/32
P4 36/ 18 167/ 118 199 /153 3.4/ 3.
P5 30/12 152/96.3 188 / 130 3.3/3.0
Po6 24 /10 136/ 87.9 173 /123 32/29
P7 18/8 118 /78.6 153 /114 3.1/28
P8 12/6 96.3/68.1 130/ 102 3.0/27
P9 10/ 4 87.9/556 123 /87 29/26
P10 8/2 78.6 /39 114 /61 28/26
P11 6/2 68.1/39 102 /61 2.7/2.6
P12 4/1 55.6/28 87 /43 26/26
P13 3/1 48.1 /28 75 /43 26/26
Pl4 2/1 39.3/28 61 /43 26/26
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Mechanical Shock Failures

o Due to todayos , ©
surface mount components, )
shock failures are primarily
driven by board flexure c
o BGAs donadt -plareshecl D

E

o Specific failure modes are '
o Pad cratering (A,G) ¢
o Intermetallic fracture (B), F
o Component cracking

;eg:;:lage Pad Lift/Crater

o ShOCK tends 10 he an OVerStres & e e e tace frcture
event (though’ nOt for Car Esgékllfﬂﬁgi::?:‘tzface Fracture
doors) £ Solder PRI nterfaco Fracture
o Fai lure distri butiron 1's orandon
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Mechanical Shde&ilure Modes
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Pad Cratering

o Cracking initiating within the laminate during a
dynamic mechanical event

o In circuit testing (ICT), boatepanelizationconnector
Insertion, shock and drop, etc.

PCE Trace Iy for trace crack
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PCB Pad Crater Location

G. Shade, Intel (2006
| G. Shade, Intel (2006) |
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Pad Cratering

Intel (2006)
. Growth continugs around fiber Crack initiates at
A D rlve rS bundle (rpendlcular to fibers) | edge of Cu pad
¢ Finer pitch components (only seen | .
under solder balls) - b°ed:“f

fiber bundle

¢ More brittle laminates

R . PR

Growth continues

A Difficult to detect using standard f&. -
procedures

¢ X-ray, dye-n-pry, ball shear, and
ball pull
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Solutions to Pad Cratering

o May require additional characterization
o E.g., higispeed pull test

o May require redesign
o Solder mask defined vs. nealder 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
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Intermetallic Fracture

o Shock failure at
intermetallic
Interface

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

Cross section from 1500G, SAC305 sample with isothermal preconditioning

Cross section from 1500G, SnPb sample with isothermal preconditioning
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Intermetallic Basics

o Tin and copper bond to form brittletermetallicef Cu3Sn
and CubSn5
o lrreversible

o Ocecurs 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 joirflailure
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Intermetallic Growth

175°C, 36 hours 175°C, 500 hours 175°C, 1000 hours

<+ Solder

<«— Cu6Sn5 Layer
<«— Cu3Sn Layer
5um

+— Cu pad
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X. Deng, R.S. Sidhu, P. Johnson, and N. Chawla, Metall. Mater. Trans., (2005).
X. Deng, G. Piotrowski, J.J. Williams, and N. Chawla, J. Elect. Mater., (2003).
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Intermetallic Growth: MkYoiding

A Void formation observed between SDJ\
copper plating and copper/tin
iIntermetallics

¢ Results in dramatic drop in
mechanical shock performance .
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Very intermittent

¢ Example: 1 out of 20 plating
baths

2

aging time (day)
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MifissnBldta dhet s o ':w«m-.—-. NI ¥ Cu3sn
= CuBSnb

SnAgCu/Cu after 1000hrs @ 150C

Borgensen, UIC
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Intermetallic Growth: MkYoiding

Voids result from gas formation from additives within electrohgea b
free issug

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

New additives present due to changes in formulation of copper plating
¢ Driven by silicon chip interconnection requirements

Silicon manufacturing is aware that electrodeposited copper {fchipn
Interconnects can entrap significant amount of additives

¢ Additives removed through higgmperature annealing

D. Henderson of IBM demonstrated elimination of void formation through
high temperature prannealing of copper plating
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Intermetallic Type

Electroless Nickel Immersion Gold (ENIG) forms tin nickel intermetallics
which are weaker than tin copper intermetallics
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