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From applications to semiconductors or the other way around: 

the case for technology-push

Michael Peeters, VP R&D Connectivity (with the generous help of the speakers)
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You will read this first.

And then you will read this.
Then this one.

And you will read this last.



IMEC TECHNOLOGY FORUM PUBLIC4

Timeline 1990 1995 2000 2005 2010 2015 2020 2025 2030

10–100 kbps 1-10 Mbps 1-10 Gbps10–100 Mbps 10–100 Gbps
+ mmwave

5G4G3G2G 6G

WiFi 1,2 WiFi 3 WiFi 4 WiFi 5 WiFi 6 WiFi 7

+ +++
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But Edholm and Nielsen are our product managers

Edholm’s law: data rates are doubling every 18 months.

Wireline, Wireless and Mobile are converging.

Nielsen’s law:  a high-end user’s 

connection speed doubles every 21 months.

Moore’s law: the number of transistors in a dense integrated circuit (IC) doubles about every 24 months.
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communication 

at a distance

People Pretend-People Machines

People voice, video calls entertainment, 

gaming, Xbots

body-machine 

interfaces

XR

Pretend-People conversation bots, 

training

neural network 

training

Machines automation

agent-2-agent
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Usecases that will (always) drive the market

5G 6G
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”6G needs to be different.”

6GIC white paper
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Bitrates
https://www.arcep.fr/uploads/tx_gspublication/Report-5G-issues-challenges-march2017.pdf
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Subscribers
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Total data carried
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Smartphone users
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Power consumption of network (Finland)

https://www.google.com/url?sa=i&url=https%3A%2F%2Fmdpi-res.com%2Fd_a ttachment%2Fsustainability%2Fsu stainability-10-02494%2Farticle_deploy%2Fsustainability-10-02494.pdf
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Mobile data price & cost

https://scroll.in/article/1004969/reliance-jios-cheap-data-has-helped-crores-of-indians-enter-the-internet-age-but-at-what-cost

http://elenaneira.com/wp-content/uploads/2016/08/IMG_20160805_093339.jpg
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”6G needs to be as succesfull as the previous generations”

paraphrased

The traditional approach to 

next generation wireless has 

sustained exponential growth. 

The approach needed for the 

great societal and economic 

challenges ahead can only

be inspired by this. !



IMEC TECHNOLOGY FORUM PUBLIC18



IMEC TECHNOLOGY FORUM PUBLIC19



IMEC TECHNOLOGY FORUM PUBLIC20

COMMUNICATION

PERSPECTIVE
FR1 “FR3” FR2 “FR4” “FR5”

TYPICAL RANGE 0.1-6 GHz 7-24 GHz 24-52 GHz 52-71 GHz 95-325 GHz

EXAMPLE CARRIER FREQUENCY 3.5 GHz 10 GHz 30 GHz 60 GHz 140 GHz

TYPICAL BANDWIDTH 100 MHz 200 MHz 400 MHz 2 GHz 10 GHz

WAVELENGTH 8.6 cm 3 cm 1 cm 5 mm 2.1 mm

NUMBER OF ANTENNAS ON

1.5cm x 1.5cm
0 1 9 36 196

RF sampling

(m)MIMO

Efficiency @ 

Cost
Beamforming POUT & PAE drop

Baseband ≡ RF

Packaging

III-V RF-FE
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A first?

1. Semiconductor technology

• Silicon and III-V, DTCO and STCO

2. Circuits and sub-systems

• New architectures, topologies, design methodologies for CMOS and non-CMOS

3. Antenna, packaging and testing

• Novel packaging and interconnect technology, including underlying substrate 

materials
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+ To drive technical leadership, focus is needed.

+ For 6G, where standardization is expected to 

start around 2025, and where regulation is 

contingent on WRC-2023 and WRC-2027, 

this means that it is important to distinguish 

between 3 types of candidate technologies

1. Those that will already show up in 5G++, and 
continue to exist into 6G

2. Those that need to be mature by 2025 for 
them to even be considered for 6G

3. Those that will be considered during the 
development of the 6G standard

22

Approach

▪ For imec, this selection is made by 
distinguishing between

▪ Technologies that are time-
constrained (duration) vs. those that 
are work-constrained (effort)
▪ e.g. technology development, spectrum 

regulation & auctions, infrastructure & 
competition, …

▪ Technologies where we have 
asymptotic/diminishing gains vs. those 
where that are still proportional
▪ e.g. air interface optimizations, 

interference cancellation, baseband dsp
using current paradigms

▪ note: KPI can be technical, economic or 
mixed
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Timeline 2021 2022 2023 2024 2025 2026 2027 2028 2029

5G Advanced5G 6G

0.4-6 GHz — Frequency Range 1 — FR124-52 GHz — FR2 10-20 GHz, 52-71 GHz — FR3,4

Release 19 5GRelease 18 5GRelease 17 5G

WiGig

70–90 GHz >100 GHz

IMT 2030+ Vision

2023 2027

IMT 2030+ Requirements IMT 2030+ Tech eval.
WRC WRC 

Proposal

s

Continued D-Band agenda D-Band and beyond

R19 6G Req R20 6G Study R21 6G Phase 1 R21 6G Phase 2

In
it

ia
l

F
in

a
l

First UE chipset
First 

UE 

Modem, RFFE 

R&D
Transfer Device R&DProof-of-concept📱

6G Trials
6G  

“Launch”
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Beyond 5G is here.

6G should not be different.
The technology options are understood.

But we need to start today.
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