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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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Andyou will read this last.

You will read this first.

And then you will read this.

Then this one.



 The (cumulated) evolution of connectivity

Timeline 1990 1995 2000 2005 2010 2015 2020 2025 2030
2G 3G 4G 5G 6G —
WiFi1l,2 ——— WIiFi3 —— WiFi4 — WIiFi5 — WiFi6 T—— WiFi7
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GO e/ \\J
10-100 kbps 1-10 Mbps 10-100 Mbps 1-10 Gbps 10-100 Gbps
— + mmwave
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(Sleep) No Moore

But Edholm and Nielsen are our product managers

Moore’s law: the number of transistors in a dense integrated circuit (IC) doubles about every 24 months.
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Edholm’s law: data rates are doubling every 18 months.
Wireline,Wireless and Mobile are converging.
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Nielsen’s law: a high-end user’s
connection speed doubles every 21 months.
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General trends fob

> Number of users and number of connections continues a steady expansion
» We increasingly live within a connected world — 2/3 of population connected by 2023

« 3 times connected devices as people (!)

Figure 7. Global mobile device and connection growth

8% CAGR 14
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Phablets (9%, 11%)
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Billions of » Nonsmartphones (27%, 11%
Devices « Toblets (2%, 2%
e PCs (2%, 2%)
= Other Portabie Devices
(0.1%. 0.1%)
* Smartphone category
including phablets

2018 2019 2020 2021 2022 2023 * Figures n) refer 10 2018,

F
2023 device share

> New use cases on the horizon

N o L
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Reference: Cisco Annual Internet Report (2018-2023) White Paper

X-FAB Group Company Confidential 2
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Advancing 5G to fulfill its full promise
Enhanoed moblle expenences new capaba% .

ITF - Beyond 5G, Semicon Europa Courtesy of Qualcomm
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i Communication saturation
- Usecases that will (always) drive the market

communication People Pretend-People
at a distance

+

Pretend-People
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Connecting a cyber-physical world

Actuators in the real world carry
out functions that is
programmed in the digital
representation

Cyber-physical continuum

Connected intelligent

machines
Sensors embedded in physical Diaital :
world send data to update the g Internet of senses Physical
digital representation in real time world C world
Connected

sustainable world The network platform

provides intelligence, ever-
present connectivity, and full
synchronization in a cyber-
physical continuum

Observe
Z::jce back «— and.actin —_— Simulate, predict
analyze Past real-time Future and program

Fredrik Tillman | 2022-11-15
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* What do we read today...
”’6G needs to be different.”

6GIC white paper

The traditional approach to
next generation wireless is not
sustainable. A new approach

is needed that is inspired

by the great societal and
economic challenges ahead. } .

N
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Really?

. Bitrates

https://www.arcepfr/uploads/tx_gspublication/Report-5G-issues-challenges-march20 | 7.pdf
' I
Peak Data Rate > 20 Gbps
Data Rate
(1)
20 GbpS 20 Gbps
More than x20 over 4G 5G
1Gbps 3G
14 Mbos(d 75 Mbps'?
384 kbps® __‘F
00 ‘07 ‘10 20 Year
(1) Theoretical Peak Data Rate
(2) Data Rate of First Commercial Products
vy
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Really?
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Really?

. Total data carried

400

Ericsson Mobility Report  June 2022

350

Global mobile network data traffic (EB per month)
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Really?

Smartphone users

Number of smartphone users worldwide from 2016 to 2023 (in billions)
B
4
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Source Additional Information:
Newzoo Worldwide; Newzoo; 2016 to 2020
© Statista 2021
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https://www.google.com/url?sa=i&url=https%3A%2F%2Fmdpi-res.com%2Fd_attachment%2Fsustainability%2Fsu stainability-10-02494%2Farticle_deploy%2Fsustainability-10-02494.pdf

Really

. Power consumption of network (Finland)
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httpsi//scrollin/article/ | 004969/reliance-jios-cheap-data-has-helped- crores-of-indians-enter-the-internet-age-but-at-what-cost
http:/elenaneira.com/wp-content/uploads/201 6/08/IMG_20160805_093339.jpg

Really?

Mobile data price & cost

.. . . 9 4
The declining cost of 1GB of data in India over the years Costper MRyIE 85@.% CPRE
— CO‘St 100%
Rs 2560
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(R99)
Source: Telstra presentation at Mobile World Congress
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What we should say...

2 ”6G needs to be as succesfull as the previous generations”

paraphrased

The traditional approach to
has

sustained exponential growth.

The approach needed for the
great societal and economic
challenges ahead can only
be inspired by this.
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Pushing network performance

» Extreme data rates in specific scenarios
» Wide-area coverage of future 6G services
» Spectrum co-existence with legacy 5G systems

By = 5
') U ) - .3 (‘|||’) N ﬁ%@

) ‘:- - ‘,C"'
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Multi-point Multi-hop Complementary Joint communication

connectivity connectivity satellite component and sensing

Fredrik Tillman | 2022-11-15
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Moving to mmW Xfab

> Large, continuous, and

s : i 5G 5G+
available spectrum is available . A o A .
5 1 56G-FR2 and FR2 60 GHz unlicensed  potential 5G bands
n mmW Aggregate spu:ll:m: 3325 GHz spectrum: 3 GHz E band
l-_—' FR2+
[ Rel17
> mmW expected to p|ay an 0 72 10 20 30 40 50 60 70 80 o 1O
) T Standard IEEE
Important role withiry the %gﬁ:‘:ﬁb World Radio Conference 2018 (WRC-19): bands identified for
Potential bands for mobile Point Links P i
and fi :
advancement off future commenication 252~ 325 Ghe N o et sk i i, i
s 5 5 Aggregated  H band Spectrum; 175 GHz
commercial communications s (I;;""
systems M
200 300 sop [ (€1

Reference: T. Eichler, Millimeterwave and THz Technology for 5G and Beyond, Rohde & Schwarz
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Larger bandwidths and data-rates at higher frequencies

e o FRI “FR3” FR2 “FR4” “FR5”

TYPICALRANGE 0.1-6 GHz 7-24 GHz 24-52 GHz 52-71 GHz 95-325 GHz
EXAMPLE CARRIER FREQUENCY 3.5GHz 10 GHz 30 GHz 60 GHz 140 GHz
TYPICALBANDWIDTH 100 MHz 200 MHz 400 MHz 2 GHz 10 GHz
WAVELENGTH 8.6 cm 3cm I cm 5 mm 2.1 mm

NUMBER OF ANTENNAS ON 0 | 9 36 196
[.5cmx |.5cm
RF sampling Efficiency @ Beamforming Pout & PAE drop Ba;ealizcglilngF
(mMIMO Cost -V RF-FE
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NextG Alliance: Component Technologies

Next G Alliance Report:

I

I. Semiconductor technology

Silicon and 1lI-V,DTCO and STCO i
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

N
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~ What should keep us awake at night?
Approach

-+ To drive technical leadership, focus is needed. = Forimec, this selection is made by
' distinguishing between

= Technologies that are time-
constrained (duration) vs.those that

"+ For 6G, where standardization is expected to
start around 2025, and where regulation is

contingent on WRC-2023 and WRC-2027, are work-constrained (effort)
this means that it is important to distinguish " eg.technology development, spectrum
. . regulation & auctions, infrastructure & +
between 3 types of candidate technologies competition, ...
|.  Those that will already show up in 5G++,and = Technologies where we have
continue to exist into 6G asymptotic/diminishing gains vs. those

where that are still proportional
2. Those that need to be mature by 2025 for - eg.air interface optimizations,

them to even be considered for 6G interference cancellation, baseband dsp

. . ] using current paradigms
3. Those that will be considered during the 8 paraciem ,
= npote: KPl can be technical, economic or

development of the 6G standard mixed

\\//"
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6G Roadmap — technology pull driven by future standards

o Timeline 2021 2022 2023 2024 2025 2026 2027 2028 2029
=+ 5G —— WiGig — 5G Advanced W 6G
24-52 GHz — FR2 ] ] _ A
10-20 GHz, 52-71 GHz — FR 70-90 GHz ~100 GHy S

KAl Relcase 175G | Release 185G §  Release 1956 § QoSN

@Continued D-Band agenda @' D-Band and beyond s
R
Z@ IMT 2030+ Vision IMT 2030+ Requirements IMT 2030+ Tech eval.
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But we need to start today.

Beyond 5G is here.

6G should not be different.

The technology options are understood.
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