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x800 more!

Bill Dally, “To ExaScale and Beyond”, 2010

[J. Wang – ISSCC’19]

Operation energy is negligible

Memory access and control energies 
dominate 

~90% of energy is in data transfer
 IMC could lead 8x reduction
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The cost of moving data



EU – SOUTH KOREA – Joint Researchers Forum on Semiconductors
Olivier FAYNOT , CEA-Leti

>1000x 
by

2030

CMOS scaling

Memory technologies

Disruptive Computing

Chiplet & 3D System
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The required gain in energy efficiency
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FD-SOI Technology

RBB: Reverse Body Bias
FBB: Forward Body Bias
ULP: Ultra-Low Power
VHP: Very High Performance

Drivability

Leakage

LVT

RVT

FBB

RBB

RBB

FBB

SLVT

10000x

ULP

VHP
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Energy Efficiency gain with Adaptative Back Bias
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• Back bias effect gain similar as switching to the next node (55% Power gain)

• Required ABB area almost negligeable

Dolphin & CEA-Leti, ISSCC 2021

ABB IP: 0.0021mm²
Biased Die area: 2mm²

Source GlobalFoundries
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Future Needs
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• Available/planned technologies:

• Customer needs:
o Denser node for competitivness

o High Voltage devices, eNVM

o Improvement of RF performance (FT, Fmax >450GHz)

o Enhanced Back Bias effect

28nm 22nm …18nm 12nm



EU – SOUTH KOREA – Joint Researchers Forum on Semiconductors
Olivier FAYNOT , CEA-Leti

FD-SOI : Selected by Worldwide Key Players
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FD-SOI Technology Roadmap

28nm 
FD-SOI

Speed

10nm 
FD-SOI

+3
0

%
 

22nm 
FD-SOI

+2
5

%

• cSiGe PFET
• In situ doped

RSD
• 20nm BOX

• Continuous RX
• L-sSOI NFET

• 3rd Gen cSiGe PFET
• 2nd Gen RSD
• 15nm BOX
• Dual STI

+2
5

%

7nm 
FD-SOI

• Full strained
CMOS (sSOI)

• In situ doped
RSDGen3

• RMG
• SAC
• 10nm BOX
• Local dynamic

biasing

Key drivers for 10 & 7nm:
- Strengthen the Back bias effect for Energy saving
- Improve RF performance for Connectivity
- Build a design platform with an ecosystem
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FD-SOI NextGen: Key features
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Intrinsic gain vs 28FD

Speed at same power 1,9x

Power at same speed ÷5

Transistor Density x4

10FD

Vnom 0.75V

Pitches (CPP/Mx) 68/48nm

Body biasing Bi-directional

Embedded NVM PCRAM

High Voltage dev. Up to 3.3V

RF/Connectivity FT/Fmax>450GHz

Will be the most advanced node with Gate First approach!
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Why Emerging Resistive Memories?

High dense on-chip memory Zero stand-by power thanks to non-volatility

1T

1R

L. Grenouillet et al., 2021

DRAM access is at least 1500x more 

costly than a MAC operation in NN 

accelerators

T. Wu et al., 2019

10x better energy efficiency than 

embedded flash thanks to resistive 

memories

[F. Tu, et al., 2018 ACM/IEEE]
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Emerging Non-Volatile Memories

Memory activity focus on embedded NVM  for NOR flash replacement 

NOR FLASH MRAM PCRAM OxRAM FeRAM (PZT) FeRAM (HfO2)

Programming 
power

~200pJ/bit ~20pJ/bit ~300pJ/bit ~100pJ/bit ~10fJ/bit ~10fJ/bit

Write speed 20 µs 20 ns 10-100 ns 10-100 ns <100ns
14ns @ 2.5V 

(SONY)
4ns @ 4.8V (LETI)

Endurance 105 - 106 106-1015 108 105 – 106 on 16 
kbit

> 1015 > 1011 single device
106 – 107 on 16 kbit

Retention > 125°C 85°C - 165 °C 165°C > 150°C 125°C 125°C

Extra masks Very high (>10) Limited (3-5) Limited (3-5) Low (2) Low (2) Low (2)

Process flow Complex Medium Medium Simple Simple Simple

Multi-Level Cell Yes No Yes Yes No No

Scalability Bad Medium High High Medium
Poor (2D)
High (3D)
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Power Reduction by 10000!
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Energy Efficiency is far from biological Systems
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2 PCRAM Example:

M. Suri et al, IEDM 2011.

FeRAM
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Neuromorphic based RRAM circuit
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Logic and arithmetic operations 

Analog: 
multiply and 
accumulate

Searching / 
matching (CAM)

Digital 
operations using 
SRAM

V1

V2

In-memory computing

Memory

Von Neumann computing

input-data
D

results
f(D)

Memory

CPU

SRAM RRAM PCM STT-MRAM

Memory technologies

In memory computing
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RRAM

SRAM
Process 
core

Energy-efficient 
NN accelerator

Spiking 
Neural Network

Bayesian 
Neural Networks

Search/match operations 
(CAM)

Deep learning, 
matrix-vector multiply

In-memory 
logic

RRAM
for near-

and in-memory 
computing
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Near- & in-memory computing 
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A possible Edge IA Roadmap
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die

Next generation AI at 

edge
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1T1R 130nm 1T1R 28nm Multi-bit

Classification

Performance

Spiking CNN

SPIRIT
Analog spiking Largo

X10000 neurons
Power ÷10

Esperanto
Spiking recurrent

Smart sensor

BNN
Fully distributed 

2T2R

Bayesian

machine

1T1R 22nm

NeuroCorgi

ASIC

Feature extractor 

of HD images

<1pJ / synaptic
event

Multi-die 

integration

Courtesy of E. Vianello, 
Leti



EU – SOUTH KOREA – Joint Researchers Forum on Semiconductors
Olivier FAYNOT , CEA-Leti 17

Chiplets: the new IC design paradigm

Monolithic die Chiplets 3D Integrated Circuit

System 
disaggregation

Die 
aggregation-1

Die 
aggregation-2

Package

Architecture
Design
Design flow
Wafer-level integration

Design
Design flow
Package-level integration

System Technology Co-optimization

Up to 100x gain on Power Efficiency with 3D 
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3D Tool Box for Chiplet integration
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Benchmarking on 3D
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• FD-SOI technology well adapted for Power efficient Analog/RF 
applications

• 10 and 7nm nodes under definition, with 4 major constraints:

o Improvement of RF performance

o Enhanced Back Bias effect

o High Voltage devices

• eNVM essential for SoC and AI applications

20

Key Messages
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THANK YOU
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Union’s Horizon Europe research and innovation
programme under GA No 101092562
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