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RF Filtering: the coming challenges
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|C components enabled by materials

3G
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From 5G to 6G : still new components need

Peak Data Rate USGB Eép;raisgced Better energy
(Gbps)
1000 1 (Gbps) storage components

-

Positioning  1/0.1 Energy : : ey -
outdoor/indoor , Efeency overcoming passives limitations
(=) with new materials
Only 2x
Improvements Large portfolio of Li-based materials
Unique physical and electrical
107 2% properties
N Spectral
Reliability Efficiency
\ Better use of frequency
107 0.4 = better RF filtering
Connection Density Air Latency
(devices/km?2) (ms) Source: Samsung research, 2021
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Game changer: lithium based RF filters

Bandwidth: a strong and unmet demand yet!
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Cristalline Lithium material on silicon...

Layer transfer: Smart Cut™ technology

* Molecular bonding
* lon implantation based film layer transfer <1fum

* Perfect crystal / nanometer scale layer uniformity SOy )
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4. Cleaning and bonding

Buried Oxide

High Resistivity Silico®

5. Splitting Piezo-on-
Insulator (POI)

6. Finishing

Piezo on insulator (POI)

E. Butaud and al. Single Smart Cut POl Substrate
Design for UHF, L and S Band Filters, EumW 2020
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RF filters landscape for 5G and Beyond
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FBAR LNO Filters for 7GHz and beyond

m LINbO3 Y+36-cut (Smart-Cut™), patterned electrodes (AlSi) & sacrificial layer cavity

Bottom

Cavity SiO,

Ep electrode
T 4 Release handle wafer
holes

» Resonance frequency increases up to 7 GHz while
reducing LNO thickness

« Kt? remain at high level > 17% even at small frequency

» Strong potential for 5G+/6G

Admiftance (S)

From A. Reinhardt et. Al. IFCS 2023
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Actives devices: How materials and devices will help for 6G
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Power [dBm]

Technologies for PA vs Frequency & Power

Fmax [GHZ]
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> SiGe bipolar transistor faster than MOS
device

» GaN RF not the fastest, best in power
density at lower frequencies
(Fmax<600GHz)

> InP devices beats all silicon devices in

—CMOS o . T:Iedyne S )
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Power [dBm]

Technologies for PA vs Frequency & Power
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» RFSOI: industry!l

> SiGe bipolar: industryl?!

» GaN-on-Si RF: R&D @ CEA-Letil!
> InP-on-Si RF: R&D @ CEA-Letil*]

[1] ‘Optimizing RFSOI Performance through a T-shape Gate
and Nano-Second Laser Annealing Technique’, L. Lucci et al.
RFIC’23

[2] ‘SiGe Speaks to the Sky’ P. Chevalier IMS’23

[3] ‘6.6W/mm 200mm CMOS compatible AIN/GaN/Si MIS-
HEMT with in-situ SiN gate dielectric and low temperature
ohmic contacts’, E. Morvan et al. IEDM’'23

[4] ‘Advanced semiconductors for Sub-THz communications:
InP on silicon pathfinding’, H. Boutry et al. Leti-Days’23
ETH-Zurich survey



Competitive RF GaN/Si HEM'

SiN/AIN MIS-HEMT

In-situ SiN 2.5 nm

AIN Barrier 5nm

 Close to GaN/Si SoA
 Enters GaN/SiC domain
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INP HBT on Si substrate for 6G 11V THz

Transistors & circuits
Sub-THz

STCO analysis towards 6G: Passive devices &

- CMOS compatible I1l-V THz HBT on Si substrate - interconnects
- 3D integration: ybump, direct hybrid bonding

Integrated antennas
Advanced (Bi)

CMOS functions
InP chip
InP/InGaAs stacks A * 1xL4 e’
| — Bonding oxyde #100mm ' . -- . -‘;io 2 -
Bonding oxyde #200mm ' IB =1.4mA

Ve = 1.6V|]

Si substrate $200mm Si HR Substrate ; ‘

Ay » T2 e’

3D assembly impact 20dBidec

A. Lombrez, et.al, MAM 2024 20 '\
A. Lombrez, et. Al EuroSOI 2024 (submitted) —=sD
A. Oliveira, et. Al, EUMW 2024 (submitted) Fha = 410GHZ -7
0
1 10 100
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Is it the end of RF CMOS?

70
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fT n-FET [GHz] %0
S 20
f,,,ax n-FET [GHz] 371 180 161 342 &
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Source GlobalFoundries

10 & 7nm FD-SOI enabled with substrate innovation:
= BOX and Si scaling down
= Strain Silicon incorporation

Possible combination with HR/Trap-Rich substrates

0.2 04 06 08 1.0
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A
3D sequential integration, 28FDSOQI platform IS 77

life.augmented

Cold process (~500°C) for top tier integration
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Take Away

New materials and associated substrates: a strong enabler for 5G and Beyond

Li based substrates: key for high performance filters up to 7GHz demonstrated

[lI-V on Silicon substrates: the solution for the best Power/Frequency trade-off

3D integration for RF Heterogenous integration

Si CMOS technology not disqualified: FD-SOI and monolithic 3D as enabler to
push it further

Many Thanks to all my colleagues from CEA-Leti from their inputs and support: Y.
Lamy, B. Duriez, O. Valorge, O. Rozeau, L. Lucci, F. Gaillard, Y. Bogumilowicz, L.
Perniola, T. Poiroux
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