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I/O Bandwidth & Speed Scaling Trends

Reproduced with permission from Ethernet Alliance
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Interconnect Scaling to Enable Bandwidth Scaling

Peripheral Interconnects for Solder Based 2D Architectures
  Generations 1 2 3 4 5

Raw Bandwidth Density (GBps/mm) 125 250 500 1000 2000

Package 
Technology

Minimum Bump Pitch 
(μm) 55 50 40 35 30

IO/mm 500 667 1000 1500 2000
IO/mm2 331 400 625 816 1111

Signaling Speed Gbps 2 3 4 5.33 8

Generation Number → 1 2 3 4 5

Raw Linear Bandwidth Density (GBps/mm) 125 250 500 1000 2000

Package Technology

Minimum Bump 
Pitch (µm)

55 40 30 20 10

Linear Escape 
Density (IO/mm)

500 667 1000 2000 4000

Areal Escape 
Density (IO/mm2)

331 625 1111 2500 10000

Signaling Speed (Gbps)  2 3 4 4 4

Source : Chapter 22 in IEEE Heterogeneous Integration Roadmap 
(https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html)

https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html


Area Interconnects for 3D Architectures
Generations 1 2 3 4 5

Raw Bandwidth Density 
(Gbps/mm2) 125 250 500 1000 2000

Package 
Technology

Minimum Bump 
Pitch (μm) 40 30 20 15 10

IO/mm2 625 1111 2500 4444 10000

Signaling 
Speed Gbps 1.6 1.8 1.6 1.8 1.6

Source : Chapter 22 in IEEE Heterogeneous Integration Roadmap 
(https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html)

Interconnect Scaling to Enable Bandwidth Scaling

https://eps.ieee.org/technology/heterogeneous-integration-roadmap/2021-edition.html


Key Metrics
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Mainstreaming Optical Interconnects

Co-Packaged optics 
complements Cu signaling and 
enables new topologies
cost, technology maturity and 
high yield manufacturing are key 
challenges

Ref:  "Co-Packaged Photonics For High Performance Computing: Status, Challenges 
And Opportunities," in Journal of Lightwave Technology, vol. 40, no. 2, 2022



Summary

• Scaling 2D and 3D Die-to-Die interconnects will ensure 
continued bandwidth scaling

• “Plug and Play” through D2D link standardization will 
ensure systematic growth

• Co-Packaging Optics is a key element of future off-package 
bandwidth scaling



Intel is a key contributor in the development and delivery of this course at 

ASU. As such, many of the charts used in our presentations are provided by 

Intel and are approved for use in training and educational purposes only.

The electronic industry is extremely fast-paced. We will endeavor to call out 

any outdated information that may be present in the presentations or texts. 

Regardless, the key points/learning are still valid.
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