


Purpose of The Presentation

• Debrief the community on Advanced Packaging
o Focus on off-chip interconnect 

o Manufacturing process and packaging materials

o Reliability and quality implications

o Share thoughts after trying to protype Advanced Packages for R&D tasks.







Some of Remarks Relevant for High-rel

• Lot code
o Same lot code ≠ homogneous. 
o 2D barcode may be used instead of lot code. 
o Even for the future mil-spec parts.
o COTS part upscreening will be challenging.

• KGD
o KGD are integrated together… But KGD may not exactly be “KGD”.  

• Traceability 
o Most Advanced Packages currently in the market are produced by manufactures vertically 

integrated. Practices are developed around accordingly. 
o When dies from multiple manufactures are integrated together, the traditional mil/space 

approach may not be feasible. 

• HVM
o Practices are developed around HVM. 
o Requires expensive infrastructure that typical OSATs do not have.
o There are DoD activities to enable low-volume high-mix domestically.

− SHIP, RESHAPE





2. GPU/AI accelerator

HBM placed 80µm from logic 
HBM

Intel Data Center Max 1550 – 4xHBM, 12x Cache, 8x 
‘Xe Memory Fabric’, 16x compute tile, 4x ‘Xe Link 
Extension’, 2x I/O tile

Nvidia GV100





• i5-L16G7
o Laptop processor

o Foveros

o 3D package

o PoP : Memory above processor

µbump











µbump Attach Process
• Mass reflow (MR) is difficult

o Die placement accuracy : not accurate enough.
− Need high accuracy due to small solder pitch and volume (no self-alignment).

o Thinned die : MR cannot easily accommodate thinned die.
* Advanced Mass Reflow Molded Underfill (MR-MUF) exists (Hynix HBM3).

• Thermocompression bonding (TCB)
o Can accommodate thinned dies. Has greater die placement accuracy (~ ≤2µm). 
o Greater number of process parameters than MR.

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

o Process is done within a few seconds.
o Different underfill choices : CUF, NCP, NCF



• Post-reflow flux cleaning
o Tight bump pitch, low height makes flux cleaning very challenging

o Flux residue around µbumps will cause issues. 
− Corrosion, leakage current, etc. 

− Hinders capillary underfill (CUF) flow. 

o Some use pre-applied underfill to bypass this issue.
− NCP (non-conductive paste) or NCF (non-conductive film)

− Have fluxing capability. No flux cleaning is needed. 

o Major companies use multi-step cleaning process different from conventional flip chip 
process before applying CUF.





• NCF and NCP 
o Pre-applied

o Has fluxing capability. No flux cleaning step.

o Some literatures would even say to use NCF/NCP below ~60µm.

o Cures within seconds during TCB, unlike CUF.

o Solder reflow & UF cure takes place simultaneously.

o Greater force is used during TCB than CUF. 

o Can have defects trapped in the solder. 
− Defect sizes can be below resolution limit of NDE tools. Screening challenges.

o Most of COTS materials are only compatible with production scale TCB machine with 
high ramp rate.





• NCP (non-conductive paste)
o Applied prior to TCB

o Need good process control when placing dies close
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• Why chip on wafer first, like CoWoS-S and Foveros
o Throughput and yield

o But also manufacturability

o If interposer or lower die is already thinned, package assembly can be very challenging.
− Large + thin = warpage and handling issue

− Wafer with TSVs with small enough diameter needs to be thinned down. 



NEPP Study on Glass Core Substrate

• Glass core substrate can eliminate Si interposer
o Glass core substrate can provide high line density and small pitch for Advanced 

Packaging.

o Intel, Hynix, and Samsung are working on Glass core substrate. 







Summary
• Advanced Packages have very diverse package architectures, manufacturing 

processes, and materials. They are also evolving constantly and rapidly.
o The traditional standardized approach used in mil/aerospace component for quality and 

reliability is not applicable.

• The Mil/Aero spec needs to be agnostic to architecture and manufacturing process 
flow.

• Making APDP (equivalent to 38535 PIDTP) reviewed by a broader community should 
be considered. 
o Low-volume OSATs can have many challenges for high-rel due to complex and difficult 

manufacturing process.  Assessing if a manufacture’s process is well-established will be far more 
challenging due to the complexity. 

o There can be also synergistic effects of different stressors and manufacturing defects.

• More tailored approach in defining screening condition may needed.
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