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▪ Three Vectors

• More efficient architectures and 
packaging leveraged for 
advanced heterogeneous 
integration

▪ 3D Stacking & Advanced 
Packaging 

• Focus on functional densification 
with performance, power, area, 
and cost

The Future of Compute Performance

Ref.: J. Shalf, “The future of computing beyond Moore’s Law,” Philosophical Transactions. 
Series A, Mathematical, Physical, and Engineering Sciences, 378 (2166), March 1, 2020.

3D stacking,
adv. packaging
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▪ 47 Tiles

▪ Five Process Nodes

▪ Foveros and EMIB 
Integration in the Same 
Package

Functional Densification: Intel’s Ponte Vecchio 
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Challenge1: Harness & Exploit Increasing Design Complexity

Full Stack Reference Designs
With Performance Validation

At Scale 
i.e. mix-n-match ICs

Solutions Needed

Physical Implementation Flow with 
IEEE 1838 3DIC DFT Standard

Production Class Solutions
Agnostic to Vendor

3D Design Space & 
System Level Co-Optimization

Opportunity to Drive 
Best In Class Solutions

Interface Standards Proprietary & Open

Ref.: ARM & GF, IEDM 2020 with adaptation

3D Integration Roadmap & Complexity

▪ More tiles means even more complexity

• Opportunity to leverage the Intel university 
shuttle program and driving the ecosystem with 
circuit, design & validation innovations 
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Imagine… AI Driven System Design
▪ Could a similar approach be 

leveraged to design & package 
heterogeneous systems? 
Considerations include…

• Physical Design

• Timing/Clocking Schemes

• Thermal Management

• Power Delivery

• Mechanical Robustness through 
Process & Reliability Testing
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Challenge 2: Find & Eliminate Impact of < 100 nm Defects

Dielectric Contact at Troom

with van der Waals bond

Dielectric Fusion at T>Troom

with Metal Gap
Metal Expansion & 

Connect at Thot

Cartoons for illustrative purposes

Metal recess Dielectric Bonding Metal Interconnect

Hybrid Bonding Process

> 90 nm Debris Now Leads to 
Killer Defects at 9 µm Pitch

Voids due to particles/defects are 100–1000x larger

 

Si

 

Si
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Si

Particle/
Surface Defect

Before Attach After Attach

Void Area
Failed 

Connections

Allowable 
Defect

▪ Non-destructive, fast methods to find 
organic & inorganic defects before & after 
bonding to ensure yield and quality
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▪ Need large-area scanning at production ready speeds with nano-scale 
resolution through multiple metal layers without impacting device performance

Imagine… 3D Imaging Through Multi-Layer Metals
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▪ Die to wafer bonding may be cost effective at large die sizes 
relative to wafer bonding especially at high defect densities

▪ As the die size reduces to less than ~30 mm2 or the number 
of tiles per base tile increases, the cost of assembly increases 
unfavorably without further assembly advancements

Challenge 3: Place 20k+ Tiles per Hour at < 200 nm Accuracy 

Ref.: D. Gitlin et al., “Generalized cost model for 3D systems,” 2017 
IEEE SOI-3D-Subthreshold Microelectronics Technology Unified 
Conference (S3S)

Ref.: B. Brandstätter et al., “High-speed ultra-accurate direct 
C2W bonding,” 2020 IEEE 70th Electronic Components and 
Technology Conference (ECTC)

Die-to-Wafer Equipment

Nearly 200 nm Accuracy at 2000 Units Per Hour
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▪ Equipment & material advancements in 
combination with self-assembly are needed 
to achieve 10x faster die placements

Imagine… Nanoscale Self-Assembly of Dies in Batch
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▪ We are at the beginning of a period where the future of compute 
performance relies on efficient advanced 3D packaging of extremely 
heterogeneous systems

▪ Numerous challenges face the industry. A sampling includes:

1. Harnessing & exploiting increasing design complexity

2. Finding and eliminating the impact of < 100 nm defects non-destructively 

3. Placing 20k+ tiles per hour at < 200 nm accuracy

▪This is an exciting time when fab processes & methodologies are 
colliding with traditional packaging know-how

• JUMP 2.0 Theme 6 provides an excellent opportunity for impactful research in 
this space

Summary & Conclusions
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Exploding design complexity of the future

▪Monolithic 3D provides most connections

• Makes tiles more complex but perhaps reduces 
number of tiles

• Correct choice for each application set?
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Monolithic 3D with heterogeneous materials for 
heterogeneous applications

▪Monolithic 3D but each layer virtually 
independent

• Thermal budget considerations

• Bottom up integration or layer transfer 
techniques

• Is there tight pitch requirement → good inter-
layer alignment

• Infinite choice of applications

• Differentiate vs. packaging techniques

Ref.: Stanford SystemX
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Monolithic 3D

▪ Layers co-processed simultaneously

• High aspect considerations (etching, filling,…)

• Potentially self-aligned layers

• Layer re-use/dual role

• Combination with bottom up techniques and 
layer transfer

• Compatible with multiple applications on same 
tile

Ref.: Intel, 2021 IEDM
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Summary & Conclusions

▪ Exciting time to develop technologies that bring 3D integration to 
ultimate scaling limit

▪Challenges abound:

• Efficiently designing complex systems with novel functionalities

• Utilizing new materials to enable multiple applications on same tile or in system

• Utilizing novel techniques to enable high aspect ratio and inter-layer tight pitch

▪ JUMP 2.0 Theme 6 provides excellent opportunity for impactful 
research in this space
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