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Outline

• AI chiplet set – 2.5D
– RISC V + accelerators

• AI chiplet – 3D pnm
– 3D logic on memory

• Embedded RFID to secure supply chain
• CAD tools for Chiplets
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AI chiplet set

• Unpublished material – please 
contact Franzon if you are 
interested
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– RISC V + accelerators

• AI chiplet – 3D PNM
• 3D logic on memory
• Embedded RFID to secure supply chain
• CAD tools for Chiplets
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Logic on DRAM CNN Accelerator
• Neural Networks getting very large

– GPT3  - 175 B parameters (570 GB)

• Need lots of capacity and lots of bandwidth
– Solution : Custom DRAM

• Design exercise based on modified Tezzaron 64 Gb DiRAM4
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Using Customized DiRAM4

• Inference engine:
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2048 GBps 2048 GBps

64x

2048 GBps
128 GBps

131 Tbps peak total bandwidth

}



Streaming Design : PE

• 65 nm CMOS : 2.4 x 2.7 mm (fits DRAM bank stack)
• Weight +data storage in DRAM

7Management Chip Processing Element

5 um TSV pitch

4200 TSVs

2500 TSVs

Baker, S3S, 2018
Baker, 3DIC 2021



Analysis – Performance Efficiencies
• Gain in performance efficiencies of different MNC architectures over the GPU

baseline is computed.

8Ravichandran, 3DIC 2021
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Securing the Semiconductor Supply Chain
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Embedded RFID

• Mostly digital tiny embedded RFID – wirelessly interrogated to verify 
authenticity

• Chip cryptographically recognized
• Tracked via secure database
• Chip does not need to be powered

1155 nm prototype



Outline

• AI chiplet set – 2.5D
– RISC V + accelerators

• AI chiplet – 3D PNM
– 3D logic on memory

• Embedded RFID to secure supply chain
• CAD tools for Chiplets

– Performance based partitioning
– Obfuscation based partitioning
– 2.5D and 3D floorplanning
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Conclusions
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• Scalable AI chiplet set for edge inference
• 130 Tbps DRAM for core inference
• Embedded RFID for securing supply chain
• CAD flows for

– Performance based partitioning
– Obfuscation based partitioning
– 2.5D and 3D floorplanning
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3D Partitioning using Hybrid Bonding

15
2020 IEEE 70th Electronic Components 
and Technology Conference  │  Orlando, 
Florida  │  May 26 – May 29, 2020

2D Design – starting point for partitioning

Goal : 50:50 area split

Partition nets based on net length, net power, achieving a 
50:50 split and routability.

IO port map derived from 2D design
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FFT 2D vs. 3D
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2020 IEEE 70th Electronic Components 
and Technology Conference  │  Orlando, 
Florida  │  May 26 – May 29, 2020

FFT 2D (440 x 440 um)

FFT 3D (295 x 295 um)
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FFT 2D vs 3D

• 3D Design 3 : 9 metal stack, clock gating turn on, 5 ns clock

– Alternatively, remove 3 metals from stack
– 57% reduction in routed wire length
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Cost saving

Parameter 2D 3D Improvement
Clock Period (ns) 4.98 4.98 0%

Power (mW) 26.1 20.4 21.8%
Silicon area 193,600 174,050 11%



Heterogeneous Computing
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Hybrid Bond

BEOL

BEOL
FEOL

FEOL

“TSV” for IO

Heterogeneous Microprocessor

• Stack low-power and high-
performance processors

• Swap threads vertically when 
workload warrants

13% better performance/power
14% better performance/power



Split Fabrication for Design Obfuscation

• Objective: Prevent reverse engineering of key design intent if 
CMOS layers are compromised
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Obfuscation
techniques

Smart
Partitioning

3DIC Split 
Manufactu

ring

Security
provided in
these layers

Co-optimization

Nigussie, Franzon, 2021



Split Fabrication
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Nigussie, Franzon, 2021



2.5D and 3D Floorplanning
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• Classical and ML based 
approaches



Conclusions
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• Scalable AI chiplet set for edge inference
• 130 Tbps DRAM for core inference
• Embedded RFID for securing supply chain
• CAD flows for

– Performance based partitioning
– Obfuscation based partitioning
– 2.5D and 3D floorplanning
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Some of my references



Modified DiRAM

• 130 Tbps of sustainable memory bandwidth

…

64 memories, each 64 banks

2048 Gbps

Port Manager

PEs

2048 Gbps

2048 Gbps 128 Gbps
32 Gbps
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Fujitsu 55 nm

LSTM / MLP
5.2 x 4.2 mm

Simulates at 250 MHz

Sparse CNN
3.6 x 1.4 mm

Chipletized
Rocket Core
(with AIB)
3.2 x 1.6 mm

Rocket Core
1.3 x 1.4 mm
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