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Failure Modes Classification and Countermeasures
of Stacked IC Packages

G.H. SongJr - J.S. Jang

Department of Industrial Engineering, Ajou University

Purpose: With the advance of miniaturization of electronic products, stacked packages of high
density semiconductors are commonly used. Potential failure modes and mechanisms of stacked
packages are identified.

Methods: Failure modes and mechanisms of thin chip stacked packages are determined through
the categorization and failure analysis: delamination, non-wet, crack, ESD, EMI and the process
related damages.

Results: Those failure modes are not easy to find and require excessive amount time and effort
for analysis and subsequent improvement.

Conclusion: In this study, a method of estimating the failure rate based on the strength
measurement is suggested.

Keywords: Stack IC Package, Fault Mode, System Interaction
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Table 1 Difference between normal IC and stacked IC

IC Package Stress

Normal IC Package

Stack IC Package

System IC IC lea IC 2~16ea stack
Interaction Package One Package Package on Package stack
o IC Chip attach cure 100~150C 1time max80~120C 10 times
Deterioration - - . -
IR Reflow 245~260C 1~3 time max245~260C 5~7 times

(IPC9701)

High temp humidimity| 85/85~85/60 RH 168hr
TC1(0~100C, 1.5cycle/hr)

85/65~30/60 RH 168hr
TC3(-40~125TC, lcycle/hr)

External : .
viberation

Flxed big system

small system 100~2,000Hz 200 &

Environment
mechanical shock

(JESD22-B111)

Fixed 100~340G

Mobile 1,500G, 0.5ms

Customer Usage | usage/time Fixed Usage Variable usage

. IC Mounting Board IC Stack in Package
Manufacturing R C -
Variation > - Passive Board Package

component SMD
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Table 2 Stress modes of stacked IC

Stress mode

Detail Contents

Physical stress

Repeated cure, Thermal shock
IC thickness variation, Mold cure, IR Reflow
High temperature cure and Humidify of PCB, DAF

Mechanical stress

Mechanical force by IC stacking process

Wafer grinding, IC/Wire attach force, Mold pressure
IC attach/wire bonding Heating

IC Metal damage by Bonding weight or speed,

Electrical stress

ESD of process by machine, human body, device charge
ESD of IC DAF by cutting and pick & place

Radiation

EMI(electromagnetic interference) by Controller IC or RF IC

Chemical stress

IC and PCB metal oxidation by high temperature humidity
bond pad metal corrosion by the longer wafer cutting
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Crack

Non-wet
(Head in Pillow)

Fig. 2 Major failure mode of stacked chip package
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2) SAM : Scanning of Acoustic Microscope
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Delamination

+ under Bump
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Cu Pillar Bump

Fig. 8 X—ray Inspection for flip chip bumps
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Chip Corner
ESD Damage

Fig. 12 EMI noise mechanism and shielding method
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Fig. 14 Failure modes of stacked chip package
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Fig. 15 Non—wet and bump short by FBGA warpage
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Fig. 16 Bump non—wet and short estimation by simulation
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