






NEPP Task Scope Challenge

• No industry common architecture
o Are there common features or materials?

− What are the ones within our capability to study?

− What are the aspects relevant to mil/space component?

• Difficult to obtain samples. Need to understand SoA industry practice better.
o Partnered with GaTech

Name Stands for Description Company

CoWoS Chip-on-Wafer-on-Substrate Si Interposer (“2.5D”) TSMC

EMIB Embedded Multi-die Interconnect Bridge Si Bridge Intel

FOCoS Fan-Out Chip on Substrate Fan-out ASE

FO-EB Fan-Out Embedded Bridge Fan-out SPIL

FO-MCM Fan-Out Multi-Chip Module Fan-out SPIL

Foveros Heterogenous 3D dies connected with EMIB Intel

Glass Substrate Line & via built on glass core Absolics (SKC)

InFO InFO (Integrated Fan-Out) Fan-out TMSC

RDL Interposer Redistribution Layer Interposer RDL as interposer Samsung

SLIM Silicon-Less Integrated Module BEOL layer as substrate Amkor

SoIC System on Integrated Chip Heterogenous 3D dies connected with Si interposer TSMC

SWIFT Silicon Wafer Integrated Fan-out 
Technology

Fan-out Amkor









Thermocompression Bonding Process
• TCB process & materials

o More sophisticated than traditional mass reflow
o Underfill challenges 

− Capillary underfill (CUF)
• Increased voiding issue
• Difficulty begins at ~100µm pitch, increasing as pitch approaches 50µm. 

− Non-conductive paste (NCP) : Defects
− Non-conductive film (NCF) : Defects, Die shelf life (B-stage material applied at wafer level)

o Defects during NCP / NCF attach. 
− Low-volume manufacturers can have difficulty in optimizing assembly process
− Defects can’t be detected by typical NDT
− Defects may pass 38535 screening condition but cause early failure, depending on design and defect location

• NEPP focus
o TCNCP bump reliability and screening. 

− Also microbumps with CUF

TCNCP bump in a commercial AP
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2018 NEPP task on 3D DDR4 (TCNCF)
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MR TCB

Main process 
variables

Reflow profile Stage temperature, bond head time-temperature profile 
(ramp, contact, peak, release, cool), contact & bond force, 
bond head displacement, dwell time, etc.

Ramp rate <1°C/sec average ~100~200°C/sec

Process 
duration

A few minutes A few seconds

Underfill Cure Typically 10s of 
minutes to hours

A few seconds for NCP or NCF







Current NEPP Task Scope
• Study quality and reliability of 2.5/3D-level packaging, in focus of microbump interconnection and 

underfill.
o Impact of materials and assembly process

• Learn commercial industry common SoA practice and issues

• Design and build test articles 
o Interconnections representative of actual 2.5/3D-level packages
o Learn practical challenges in package assembly

− GaTech to share detailed progress in process optimization during sample manufacturing

• Reliability study
o Perform reliability tests and FEA
o Study dominant failure mechanism

− Depends on design, material, & process. 
− Useful in developing/reviewing PIDTP.
− How things fail eventually, what happens if design or material changes

• Longer term goals
o How should PIDTP be structured?
o Screening? Lot qual?

− Defects passing 38535 screening condition but causing early failure

Underfill crack/delamination Solder joint fatigue







FEA

• Non-linear analysis with solder viscoplastic behavior and hysteresis. 

• Assembly process cycles and  IMC growth are also factored in.

• Effects on design parameters on temperature cycling life were modeled.



Reliability Test Condition

• -55/125°C temperature cycling

• Humidity temperature bias or autoclave
o THB : 130°C/85%RH or 85°C/85%RH 

o Autoclave : 121°C, 2atm

• Failure analysis

• Projected duration of test & failure analysis is 3.5 months.



Summary

• The current NEPP task focuses:
o Reliability of microbump interconnection and underfill in 2.5/3D-level packaging.

o Advanced substrate technologies are a viable option for low-volume, high mix
application.

• The initial sets of samples are manufactured.
o Reliability tests and failure analysis will follow.

Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not constitute or imply its endorsement by the 
United States government or the Jet Propulsion Laboratory, California Institute of 
Technology. 




