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Era of Multi/Many-core processing

To keep up with demands on computational power, we need to:

Å Increase parallelism.

ÅProvide an efficient and low-power interconnect infrastructure to achieve better 
scalability, bandwidth, and reliability.
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Constant increase of the number of cores Ą
multi/many-core processing [Batten2014].

Interconnect delay becomes the 
major challenge [El-Moursy2005].



Design Challenges of Manycoresystems

Challenge on parallelism and power budget on application speedup at 8nm [Esmaeilzadeh2013].
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Emerging Interconnect Paradigms
ÅRF/Wireless: Replacing on-chip wires by integrated on-chip 

antennas to communicate with electromagnetic waves, in 
free space or guided medium.

ÅCarbone Nanotube: Using of carbon-based interconnect to 
replace the Cu/low-k technology.

ÅPhotonic: Using photon instead of electron to transfer 
data.

ÅNetwork-on-Chips: Electronic networks were designed on 
a chip to allow parallel data transmission.

Å3D Integration: Stacking multiple layers to obtain smaller 
footprints and shorter intra-layers interconnects.
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3D Integration Technology

3D Integration technologies: (a) Wire bonding; (b) Solder balls; (c) Through Silicon Vias
(TSVs); (d) Wireless stacking.
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3D vs 2D Integration: Power consumption and Performance [Vaidyanathan2007].



Network-on-Chip

ÅProcessing Elements are attached to routers via Network 
Interfaces.

ÅNetwork is established from a set of routers in a specific 
form and transaction protocols. 

ÅData transmissions between PEs are handled by routing 
inside the network.
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3D Network-on-Chip(3D-NoC)
ÅAmong the existing interconnect infrastructure (e.g. Bus, 

Point-to-Point), Network-on-Chip offers high parallelism, 
scalability, and high resource usability.

Å3D-IC integration is considered as the future of ICs and can 
improve the performance, reduce the footprint, decrease 
the power consumption, and allows multiple technologies 
integration.

Å3D-NoC inherits the benefits of both 2D and 3D-IC 
technologies.

ÅHowever, due to the vulnerability of deep sub-micron 
devices and the high defect rate of TSVs, 3D-NoCs are 
predicted to encounter the reliability challenge.
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TSV Reliability Issue
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ÅThe defect rate of TSVs is considerably high which 
negatively impacts the overall yield.

ÅIn addition, due to the nature difficulties on thermal 
removal and the stress issue, 3D-ICs may be corrupted 
during operation.

Work TSV Pitch DefectRate Numberof TSV Yieldw/o Spare

L.aΩлр 0.4µm ρȢσωρπ 1K-10K 95%-98%

La9/Ωлс 10µm τπȢπ ρπ 10K 67%

IwLΩлт - ωȢχυρπ 100K 68%

IwLΩлф - χȢωυρπ 100K Ó90%

{!a{¦bDΩлф - πȢφσϷ 300 15%

Several implementation TSV with the defect rate and the impact on yield rate [Jiang2013].




