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Pb—free solder joint Environmental stress Test method

» High temp. storage

e
_> * Low temp. Storage

» Thermal shock
Y i/ P » High temp / high humidity
"~ ~ f"\ » Temperature cycling
- * Whisker
A \\ * Electrochemical migration
ST h \\\\\

" Thermal/humidity environment

9 Mechanical environment ‘ » Vibration (1 or 3 axis)
* Drop
* Impact
» Bending fatigue
» 45deg. lead pull (tensile)
* Shear strength

Fig. 1 Relationship between environmental stress condition and test method of Pb-free solder joint
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Table 1 Comparison for use environment of military electronics with consumer electronics”

Military electronics

Consumer electronics

Complex & combined high stress

Simple combined low stress

(over 10 years warranty)

fsa tcl;eoiss (high temperature, high humidity, (temperature, humidity,
high vibration, high impact) vibration, dropping)
Use temperature -55 ~ (125~150) C -20 ~ +85 C
Lifetime 10~20 years 5~10 years

(1 year warranty)

Use environment a high altitude)

Outdoors (mountains, seashore, in the water,

Indoors, office

Failure rate near Zero (~0%)

(10%
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Fig. 2 Verification procedure of Pb—free solder joint reliability for military electronics
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Environmental conditions

* Temperature

« Vibration

* Moisture

* Pressure

* Jonic contamination
» Radiation

» Combined Stress

Operational conditions

* Power
* Current
* Voltage

People

Failure modes

« Parameter drift

« Short

« Open

« Electric Instability

Types of failure

* Overstress
* Wear—out
Failure mechanisms

Failure mechanism
interactions

* Complimentary
« Competitive

Fig. 3 Identification of failure mode and mechanism for Pb-free solder joints of military electronics
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Electromigration,
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Mechanical
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Glass transition(Tg)
>

Phase transition

Dielectric breakdown,
Electrical overstress,
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Second Breakdown

-+| Electrical Spreading, Hot electrons,

CFF, Slow trapping

. e

Radiation embrittlement,
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oxides

-+ Radiation |— Single event upset

Corrosion,

Dendrite growth,
Depolymerization,
Inter metalic Growth

Contamination (ionic)
Bus A4 %

gz W Chemical
L3372 ¢

Chemical

Fig. 4 General classification of failure mode and
mechansim in electronic assemblies

Table 2 Various stress factors leaded to failure
mode of electronic assemblies in use
environment

Stress Failure factors

Physical stress Temperature, humidity

Vibration, fatigue, creep, shock,
Mechanical stress | abrasion, tensile, compression,
impact

Over voltage/current, surge, spike,

lectrical stress electrostatic discharge, EMI, power

Chemical stress Electrochemical reaction, corrosion

Radiation stress Nuclear, ionizing, heavy ion
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Table 3 The relation among failure modes,
mechanism and factors®

Failure Factors

1 A/ 3

Q=
l__-l—E'_

Failure Mechanisms

2Aelo], APz
AxAR = FHA
-55CAMEE ZHa 125-150CHS MM AFEE 1
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Failure Modes

z3e

3

F717F 1l

Diffusion Substrate Crystal defect Decreased breakdown voltage
Junction Diffused junction Impurity precipitation Short circuit
Isolation Photoresist mask misalignment Increased leakage current
Surface contamination
Oxide film Gate oxide film Mobile ion Decreased breakdown voltage
Field oxide film Pinhole Short circuit
Interface state Increased leakage current
TDDB hs. and/or V,, drift
Hot carrier
Metallization Interconnection Seratch or void damage Open circuit
Contact hole Mechanical damage Short circuit
Via hole Non-ohmic contact Increased resistance

Step coverage

Weak adhesion strength
Tmproper thickness
Corrosion
Electromigration

Stress migration

Passivation

Surface protection film
Interlayer dielectric film

Pinhole or crack
Thickness variation
Contamination
Surface inversion

Decreased breakdown voltage
Short cireuit

Increased leakage current

hg, and/or Vg drift

Noise deterioration

Dic bonding Chip-frame connection Die attachment ‘Open circuit
Die crack Short circuit
Unstable/intermittent operation
Increased thermal resistance
Wire bonding Wire bonding connection . Ware bonding deviation "Open cirouit
Wire lead Off-center wire bonding Short circuit
Damage under wire bonding Increased resistance
contact
Disconnection
Loose wire
Contact between wires
Scaling Resin Void "Open circuit
Sealing gas No sealing Short circuit

Water penetration
Peeling

Surface contamination
Insufficient airtightness
Impure sealing gas
Particles

Increased leakage current

Input/output pin

Static electricity
Surge

Over voltage
Over current

Diffusion junction breakdown
Oxide film damage
Metallization defect/destruction

Open circuit
Short circuit

Increased leakage current

Others

"Alpha particles
High clectric ficld
Noise

Electron-hole pair generation
Surface inversion

Soft error
Increased leakage current
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Table 4 Reliability test conditions based on failure mode and failure mechanism

Stresses Test methods Test methods related to failure mechanism
. Thermal fatigue, thermo-mechanical fatigue, whisker
Thermal cycling test . .
growth, diffusion,
Environmetal | Thermal shock test CTE mismatch
High temperature storage test Diffusion, IMCs growth, corrosion, electrochemical
High temperature & high huumiduty test migration, whsiker growth
Bending fatigue test Board warpage, repeatable stress
Creep test Creep deformation: temperature, constant stress, time
Mechanical
Drop/Impact test stress during transformation and handling
Vibration test use environment or handling etc
Operation condition Applying full function, electrically
Electrical
Stand-by condition Applying constant voltage and current
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Table 5 Example of failure mechanism & effective

analysis
Failure Thermo-

mechansim| Diffusion |mechanical| EOS Creep
Stress fatigue
Temperature © 0 ) @)

Humidity & & <&
Temp. change 0 O -

Voltage - O @) -

© very important, O important, <> normal, - none
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