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Logic Scaling Roadmap

PP: poly pitch (nm)
MP: dense metal pitch (nm)
CFET: Complementary FET 

Industry 
Timeline 2024 2025 2026 2027 2028 2029 2030 2031 2032

2nm
PP:44-46, MP: 20-22

A14
PP: 42-44, MP: 17-19

A10 
PP: 40-42, MP: 17-19

A7 
PP: 40-42, MP: 15-17

A5 
PP: 38-40, MP: 15-17

ForksheetsNanosheets

Top channel

Bottom channel

Gate Gate

CFET

Nanosheets 6T Nanosheets 5T CFETs 5T CFETs 4T
Forksheets 5T Forksheets 4T

Device 
Architectures

Back-side 
power 

delivery

6T  TSV-middle 4T Backside contact5T Front-back via (BPR)

CFET 
Back-side power delivery 

options
PR: Power rail
BPR: Buried power rail
BSC: Backside contact
VBPR: Via to BPR

BSC
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Computing Research Beyond Conventional CMOS

The next CMOS switch New Device Physics

Magnetics-based Majority Gates

• Magnetic domain walls
• Magneto-electric effect
• Chiral spin coupling

Majority logic 
could simplify circuits

Paradigm change

• Leveraging 300mm Si learning

Superconducting and
Si spin qubit platform

Source Drain

Quantum Computing2D Atomic Channels

2D atomic channels

WS2 2D channel FET
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The Future of Computing… 
…is Connectivity



Semiconductor technologies for 6G and (sub-)THz
6G Experts Day, November 2022, Munich

Prof. Dr. Ir. Michael Peeters, VP R&D Connectivity, imec
On behalf of the Advanced RF team
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The Future of Computing is Connectivity!
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clean
purify
prune

simplify
account
consider
think
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Parable
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The blind men and the elephant

From Augusta Stevenson, Children's Classics in Dramatic Form, Houghton Mifflin (Boston), 

It was six men of Indostan
To learning much inclined,

Who went to see the Elephant
(Though all of them were blind),

That each by observation
Might satisfy his mind.

— John Godfrey Saxe
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Organisms communicate to improve their chances 
of achieving their goals 
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Economic Realities of Logic Scaling
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Wafer prices increasing significantly
node to node

Node to node perf improvement 
is decreasing

Source: “AI Chips and why they matter”, S. Khan and A. Mann, 2020, Center for Security and Emerging Technology 
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The compute trend
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Where are the bottlenecks?

*Source: P. Lindstrom, IPAM, Oct. 2018

Bottlenecks executing DNN workloads are:
• main memory bandwidth;
• local (SRAM) memory; and
• power (primarily from data movement).

*Source: K. Rupp, 2020

• Growth in the number of cores may slow down
• More transistors utilized for domain-specific acceleration. 
• Single-thread performance continues to increase due to better 

instruction pipeline, improved branch prediction, out-of-order 
execution, larger instruction vectors, and specialized execution 
units, resulting in more IPC.
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SOC Functional partitioning : Memory-Logic
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The “Chiplet“ approach

§ Separate design and processing of 
chiplet die

§ Die-to-die communication through 
(standardized) interface PhY IP-block 
and wide bus interface
⇒ introduces additional latency
⇒ only for last level cache
⇒Today mainly course bump pitch: 2.5D centric
⇒With highly scaled I/O pitch: also enabling 3D 

2D-SOC Chiplet-partitioning

MemoryCore Communication 
& Cache coherency

Chiplet PhY block
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High Bandwidth 3D interconnect
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System driver for 3D integration technology

Area-array interconnect

Very high bandwidth, 
short interconnect ⇒3D 
stacked die

Lateral interconnect

high bandwidth planar 
interconnect on 
interposer or Si-bridge

Ø Need to match and optimize bandwidth density, 
data latency and Energy per bit

Ø Need for different technologies with different 3D 
integration densities

2D-SOC 
Active Interposer

I/O gateway

3D-SOC logic-memory

2.5D-SOC 
logic-memory

2.5D-SOC 
logic-OIO-SERDES die

Optical 
off-module 
interconnect

HBMHBM
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100 µm400µm 10 µm 1µm 100nm1mm

3D Interconnect Pitch scaling

500nm40µm 20µm 2µm4µm

The 3D Interconnect Technology Landscape

Package stacking o Multi-die Packaging
o Interposer “2.5D”
o Embedded Die  

Die Stacking
µbump  

Wafer-to-Wafer
Hybrid bonding

Wafer-to-Wafer
Sequential 

3D-SIP 3D-SIC 3D-SOC 3D-IC
Transistor
Stacking
CFET

10210 104103 105 107 1081 106

3D Interconnect Density (#/mm²)

Die Stacking
Hybrid 
bonding  

Time
Si-to-LaminatePCB - SMT D2D/D2W µbump stacking

μTSV W2W Sequential

device 
D2W Hybrid Bond  

W2W Hybrid Bond  

nTSV (BSPDN)
FO – RDL 

Dielectric bonding
μTSV

BS-PDN
nTSV
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The big wait…
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Scalability is a primary requirement for HPC/AI HW
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From “Chips” to “Pods”

CHIP

SERVER

RACK

PODS
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Communication efficiency determines performance
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• large-scale system needs to communicate efficiently. 
• Google  2D toroidal mesh topology, 
• Nvidia  Mellanox 100–200 Gb/sec Infiniband with fat-tree topology 
• Cerebras and Graphcore IPU1 (standard 100 Gb/sec ethernet links 

and switches. 

*Source: Google cloud
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The face of automotive is changing
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Mobility-as-a-service

LEVEL 4 AUTONOMY = MASSIVE SENSING AND COMPUTE
SENSE & COMPUTE IS A BOTTLENECK TOWARDS ENERGY EFFICIENT MOBILITY-AS-A-SERVICE

IN THE STATUS QUO: UP TO 33% OF THE ENERGY CONSUMPTION, 1GB/S OF DATA
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140 GHz CMOS radar
Compact and high-performance radar for next generation mobility

IN-CABIN SENSING
3X IMPROVEMENT IN RANGE RESOLUTION VS. 60 GHZ

5X SMALLER ANTENNA APERTURE

EXTERIOR SENSING
WAVEGUIDE ANTENNAS FOR UP TO 100M RANGE
7 GHZ BANDWIDTH FOR CM RANGE RESOLUTION

77 GHz

140 GHz (equivalent Dj)

Dj

imec 140 GHz CMOS radar development kits
Different versions (on-chip antennas for short range, waveguide antennas for longer range)

Antenna

PAx9

11
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m

1818 µm

Active 
HPF

8-path
Notch

Gm-C
Filter

Output
Buffer

Mixers

4-stage
LNA

LO buffers

X9B
L
C

Frequency multiplier (x9) 
and I/Q generation

IC micrograph (2.6 mm x 1.24 mm)

R
F

IN
LO

IN

B
B

out (I)
B

B
out (Q

)

TX/RX published in JSSCC’22
PLL accepted for ISSCC ‘23

60 GHz

140 GHz

Die embedding
Waveguide-in-PCB
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Disruptive innovation 
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Deeply co-design sensors and AI for emerging architectures

TODAY
Sensors designed in isolation

Non-optimized general compute platform

• “Plumbing” different sensor data streams (not scalable)
• Late fusion of signals (400+ms latency)
• Output of fusion is huge data representation (e.g., point cloud)
• Large stress on higher order AI models (obstacle avoidance, 

path planning)

Shift towards
zonal architectures
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Drone 
platform

Neuromorphic sensor fusion
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From sensors to senses – antennas to AI

IMEC SENSORS
RADAR, VISION, LIDAR

60 GHZ
LOW POWER

ISM BAND

77/79 GHZ
AUTOMOTIVE PMCW RADAR

SYSTEM-ON-CHIP

140 GHZ
ANTENNAS-ON-CHIP

ANTENNAS-IN-PACKAGE

SENSOR FUSION ALGORITHMS
COOPERATIVE SENSOR FUSION, ONLINE LEARNING, EVENT-BASED AI

AI HARDWARE
NEUROMORPHIC ACCELERATORS

SNN
ON-SENSOR EVENT-BASED AI (<100UW)
EVENT-BASED SENSOR FUSION (LOW 
LATENCY INFERENCE)

CNN
ANALOG COMPUTE-IN-MEMORY
10000 TOPS/W

LIDAR
OPTICAL PHASED ARRAY

FMCW

OPTICAL SENSORS
HYPERSPECTRAL
VISIBLE TO SWIR

DVS sensor
Radar detections

Continuously learning SLAM 

(SNN-STDP)
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Device
Edge

Infrastructure
Edge

vs.
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Does a shift make sense?

26

Current paradigm: data-center-centric.

Datacenter
“Compute Fabric”

Processing
Node

Router

Edge

End User

Core Access

“Value”
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Does a shift make sense?
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Future paradigm: agent-centric

Datacenter
“Compute Fabric”

Processing
Node

Router

Edge

End Agent

Core Access

“Value”

Distributed
“Compute Fabric”



public
28



public

SUPER-VISION
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Architecture definition

Canonical intersection

Traffic light

Stationary camera

Traffic light with radar

Vehicle

Vehicle with dashcam

Smart vehicle

Assumptions:
• Bikes and pedestrians can be 

smartphone-enabled. 
Bikes can be e-bikes

• Vehicles that are smartphone-
enabled can have several levels 
of integration.

• Sensing vehicles (L2+) have 
multiple cameras and radars

• Local edge connects wirelessly
• Edge-datacenter is wired

Bike

Pedestrian
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ARCHITECTURE OPTIONS
DEPENDING ON LOCAL PROCESSING AND AWARENESS

Abstraction
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Option X: Fusion/Joint
• Partially processed 

streams
• Everything to “edge”

Infrastructure
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Communication is the bottleneck at every layer

31

Bandwidth AND latency
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+Distributed
Trust
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The future of computing
• will drive bandwidth

• up to a point…
• is distributed at every scale
• needs trusted communications



Thank you to Eric Beyne, Eric Mejdrich, Kathleen Philips, Ilja Ocket, Sri Samavedam and many others…


