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Abstract—Electronic devices evolved 
significantly, driving the digital transfor-
mation toward a connected society. The 
increasing demand for performance, speed, 
and efficiency is pushing wireless applica-
tions to operate at sub-THz frequencies and 
beyond. Innovative substrates, such as fully 
depleted silicon on insulator (FD-SOI), 
indium phosphide on silicon (InPoSi), and 
SmartGaN, offer disruptive yet commer-
cially viable solutions to efficiently utilize 
these frequencies. Achieving European 
leadership in these key markets requires 
establishing a complete and reliable sup-
ply chain from materials to applications. 
A so-called value chain model is applied in 
European KDT JU programs, which serves 
as a fast track to accelerate co-innovation 
and market adoption. This paper illustrates 
the innovation dynamics of the FD-SOI eco-
system in radio frequency applications up 
to 120 GHz, realized in the BEYOND5 proj-
ect. It also explores technology disruption 
in the sub-THz frequency range by using 
InPoSi substrates in combination with the 
Smart Cut process. The Move2THz proj-
ect aims to develop such technologies and 
demonstrate that it overcomes historical 

limitations of bulk InP. Finally, the paper 
demonstrates how the industry-proven 
Smart Cut technology can be adapted to 
other materials, such as gallium nitride, 
to complete the technological offering and 
meet market needs.

Index Terms—B5G, 6G, FD-SOI, mmWave, 
sub-THz, InP, InPoSi, Smart Cut, SmartGaN

I.  INTRODUCTION ON 
ADVANCED SUBSTRATES

IN collaboration with the Leti (French 
Laboratoire d’électronique et des 
technologies de l’information) Soitec 

developed the patented Smart Cut process 
over 30 years ago. This process, illus-
trated in Figure 1, enables to manufacture 
advanced substrates for microelectronics 
by transferring a thin active layer of sil-
icon or another semiconductor material 
from a donor substrate onto a second sub-
strate that acts as a support. This Smart 
Cut process ensures high yield and sur-
face quality for industrial manufactur-
ability. It facilitates scaling up wafer size 
and volume to align with complementary 
metal–oxide–semiconductor (CMOS) 
manufacturing capacities, minimizes the 
use of rare resources, reduces the tech-
nology’s ecological footprint and cost, 
and offers a wide range of possibilities 
for material integration, as illustrated in 
Figure 2. The combination of an adapted 
active layer on a functional support sub-
strate creates a more resilient and less 
dependent value chain.
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II.  RF TECHNOLOGY ON SOI – 
AN UNRIVALLED PPAC FOR 5G 

AND BEYOND

Radio frequency silicon on insulator 
(RF-SOI) and fully depleted silicon on 
insulator (FD-SOI) technologies based on 
SOI substrates meet the global 5G smart-
phone market requirements and offer new 
solutions for applications using the 5G fre-
quency spectrum, ranging from low GHz 
bands to millimeter wave (mmWave) bands, 
including future prospects beyond 100 GHz.  
With its smaller device dimensions, FD-SOI 
enables very high cut-off frequencies, 
allowing circuit operations at very high fre-
quencies, covering mmWave and beyond 
100 GHz. The radio frequency front-end 
mmWave architecture, using a commercial 
low-leakage FD-SOI RF planar CMOS 
platform, has been successfully demon-
strated in mobile market [1]. Additionally, 
FD-SOI allows co-integration of analog 
and digital capabilities into system-on-chip 
designs. Thanks to its back-biasing capa-
bility, FD-SOI also offers dynamic power/

performance ratio tuning mechanisms. This 
makes FD-SOI also essential for automo-
tive radar and Advanced Driver Assistance 
Systems (ADAS).

The KDT IA project BEYOND5, 
“Building the fully European supply 
chain on RF-SOI, enabling New RF 
Domains for sensing, Communication, 
5G and beyond” leverages the RF-SOI 
and FD-SOI technologies to build a 
solid European ecosystem over differ-
ent application domains. Started in June 
2020, the project unites 39 European 
partners from 10 countries, covering the 
entire value chain with two SOI technol-
ogies (RF-SOI in STMicroelectronics, 
22FDX in GlobalFoundries) and seven 
demonstrators. On the FD-SOI pilot line, 
GlobalFoundries develops and integrates 
new RF functions and reliability meth-
odologies onto its 22FDX baseline. This 
includes the utilization of high resistiv-
ity base wafers to enhance the proper-
ties of 5G demonstrators and meet future 
mmWave system requirements.

This project’s goal is to showcase these 
technology platforms at the system level. 
Figure 3 illustrates the consortium part-
ners mapped onto the value chain, and 
Figure 4 depicts which technology plat-
forms are incorporated in the different 
application demonstrators.

Each of the seven demonstrators 
selected the most competitive SOI tech-
nology based on its specific requirements, 

Fig. 1.  Schematic illustration of the Smart Cut 
technology that manufactures SOI substrates.

Fig. 2.  Smart Cut technology combining an 
adapted active layer on a functional support sub-
strate for a less dependent value chain.

Fig. 3.  BEYOND5 project consortium partners 
mapped onto the value chain.
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with key criteria including frequency 
range, performance, integration, power 
efficiency, and cost.

For the 122 GHz in-cabin radar and ges-
ture recognition demonstrator, for exam-
ple, the 22FDX was chosen for its RF 
performance, enabling low-power designs 
operating beyond 100 GHz. Its scaling 
effects facilitate true low-cost designs with 
minimal area consumption for processing 
units in system-in-package solutions. The 
in-cabin demonstrator, depicted in Figure 5,  
utilizes a 4 × 4 Multiple-Input Multiple-
Output (MIMO) transceiver (TRX) chip 
with an in-package antenna operating in 
the 116−123 GHz band.

The block diagram of this millime-
ter-wave integrated circuit (MMIC) is 
illustrated in Figure 6. This TRX is devel-
oped using 22FDX technology from 
GlobalFoundries.

This 120 GHz MMIC shows exceptional 
performance in terms of noise figure (NF) 
and power consumption. The low-noise 

amplifier (LNA) achieves a NF of 6.5 dB 
and a gain of 14 dB in the relevant fre-
quency band, illustrated in Figure 7.

The MIMO 4 × 4 chip consumes a total 
of 260 mW during continuous operation, 
accommodating four receivers and one 
transmitter. The detailed performance 
metrics are given in Table 1.

III.  SMART CUT ON III-V 
MATERIALS: INNOVATIVE 

SUBSTRATES FOR THz ERA

The Smart Cut process is also compat-
ible with materials beyond silicon, reduc-
ing the reliance on rare and costly bulk 
materials, thus offering solutions for tech-
nological sovereignty aligned with the 

Fig. 4.  BEYOND5 project demonstrators incorpo-
rate the different RF-SOI and FD-SOI technology 
flavor.

Fig. 5.  4 × 4 MIMO TRX 22FDX chip for the 
in-cabin radar demonstrator developed in the 
BEYOND5 project.

Fig. 6.  The block diagram of the designed TRX 
for the in-cabin radar demonstrator developed in the 
BEYOND5 project.

Fig. 7.  TRX low-noise amplifier noise perfor-
mance for the in-cabin radar demonstrator devel-
oped in the BEYOND5 project.
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Greendeal initiative. Indium phosphide 
(InP) offers exceptional capabilities that 
surpass other technologies in terms of 
performance and power consumption. It 
features superior power amplifier (PA) 
output power (P

out
) and power added effi-

ciency, along with low NF characteristic. 
Figure 8 compares PA performance and 
area metrics of competing technologies 
like CMOS, SiGe, and InP.

Despite its advantages, the InP tech-
nology faces limitations in reaching 
high-volume production markets primar-
ily due to its manufacturing constraints, 
small diameters, and high costs. The 
Smart Cut process provides a sustainable 
and commercially viable solution for con-
sumer applications like 6G mobile com-
munication and high-resolution sensors. 
The Smart Cut process in combination 
with InP paves the way to increase the 
number of components from the same 

InP wafer by more than tenfold and to 
transition to larger wafer diameters using 
a tiling approach.

The Smart Cut with tiling approach 
is illustrated in Figure 9. This approach 
involves arranging transferred layers on 
a larger substrate to optimize material 
usage and enhance production efficiency. 
On the left of Figure 9, the production of 
the pseudo-donor substrate through tiling 
is illustrated. On the right, the InPoSi sub-
strate is shown, which is obtained from 
the pseudo-donor substrate via the Smart 
Cut process, demonstrating the concept 
of reclaiming the pseudo-donor substrate 
for multiple reuses.

The “Move2THz” KDT project, initi-
ated on June 1, 2024, unites a European 
value chain of 28 partners specializing in 
InP technology development and applica-
tion, as illustrated in Figure 10.

The Move2THz project aims to revo-
lutionize the manufacturing process of 
InP platforms by establishing a ground-
breaking global standard for InP on sili-
con (InPoSi). This initiative facilitates the 

TABLE 1. 
The measured MIMO 4 × 4 chip 

performance.
Parameter 120 GHz MPW2

Frequency range 116−123 GHz

TX output power 3 dBm

Conversion gain RX 18 dB

RX noise figure SSB: 9.1 dB

DC power 
consumption

260 mW (TX- 36 mW)

Fig. 8.  Power consumption and footprint PA com-
parison across different technologies at 140 GHz 
operation frequency and 40 dBm effective isotropic 
radiated power.

Fig. 9.  Schematic of the Smart Cut with tiling 
approach.

Fig. 10.  The Move2THz project consortium illus-
trated across the value chain.
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scale-up of wafer size and volume while 
ensuring compatibility with CMOS stan-
dards and minimizing the use of rare InP 
resources. By establishing a robust value 
chain from materials to demonstration, 
Move2THz aims to transform InP from 
a niche technology into a sustainable 
and commercially viable platform. This 
advancement will enable mass-market 
applications like 6G mobile communica-
tion, photonics datacom, RF/bio sensing 
to utilize frequencies up to THz levels. 
The methodology on how the Move2THz 
project aims to enable the adoption of InP 
in large-volume mass markets is illus-
trated in Figure 11.

The Move2THz project develops inno-
vative PAs, LNAs, and heterogeneous 
integration blocks using advanced and 
environmentally friendly substrates and 
fabrication processes. These technologies 
will be integrated and tested for D-Band 
circuits, sensing, Satcom, non-terrestrial 
networks, as well as photonics applications.

Alternatively, to InP, RF gallium nitride 
(GaN) technology also demonstrates sig-
nificant advantages for RF PAs in 5G base 
stations using GaN on silicon carbide 
(SiC) substrates. Soitec has developed a 
pioneering concept with the Smart Cut 
process, introducing GaN-on-X substrates 
that overcome the physical limitations 
of heteroepitaxial growth. This method 
involves transferring a thin GaN film onto 

a handling substrate (such as Si, SOI, 
polySiC, etc.), specifically tailored for 
RF applications. This innovation enables 
the creation of devices with superior 
thermal resistance, higher power density, 
improved power efficiency, and reduced 
memory effects with enhancing linearity. 
The new SmartGaN substrates demon-
strated in 8“ diameter, address industry 
concerns regarding GaN quality, CMOS 
compatibility, thermal conductivity, and 
cost/availability. This SmartGaN sub-
strate stack-up is illustrated in Figure 12. 
The value proposal for RF next generation 
of GaN devices included best-in-class PA 
performance for 5G and beyond, co-inte-
gration of PA and switches, and enabling 
frequencies beyond 70 up to 100 GHz.

IV.  CONCLUSION

European leadership in key markets 
necessitates the establishment of a com-
plete and reliable supply chain starting 
from material level up to applications. 
The industry-proven Smart Cut technol-
ogy, known for its efficiency in low-power 
digital applications, sensing and telecom-
munications, can be adapted to other 
materials, unlocking application oppor-
tunities. By promoting the value chain 
model, the KDT projects BEYOND5 
and Move2THz stimulate synergies and 
accelerate the development and adoption 
of new technologies, ensuring a faster 
time to market.

Fig. 11.  The Move2THz project aims to break the 
current vicious cycle, enabling the adoption of InP 
in large-volume mass markets.

Fig. 12.  The SmartGaN substrate stack-up for 
optimized power or RF applications.
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