N
N

N

HAL

open science

Thermal design of PCM-RF Switches for 5G and beyond
Corentin Mercier, Gregory Tardy, Daniel Gheysens, Stéphane Monfray, Alain

Fleury, Bruno Reig, Emmanuel Dubois, Jean-Francois Robillard

» To cite this version:

Corentin Mercier, Gregory Tardy, Daniel Gheysens, Stéphane Monfray, Alain Fleury, et al.. Thermal
design of PCM-RF Switches for 5G and beyond. léres Journées Scientifiques du GDR CHALCO, Jun

2022, Dijon, France. , 2022. cea-04528379

HAL Id: cea-04528379
https://cea.hal.science/cea-04528379

Submitted on 1 Apr 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://cea.hal.science/cea-04528379
https://hal.archives-ouvertes.fr

léres Journées Scientifiques du GDR CHALCO
sur les matériaux chalcogénures et leurs applications
Dijon, 20-21 Juin 2022

Thermal design of PCM-RF Switches for 5G and beyond

C. Mercier'?3, G. Tardy', D. Gheysens'?, S. Monfray?, A. Fleury?, B. Reig?,
E. Dubois!, J-F. Robillard!

"Univ. Lille, CNRS, Centrale Lille, Junia, Univ. Polytechnique Hauts-de-France, UMR 8520 -
IEMN — Institut d’Electronique de Microélectronique et de Nanotechnologie, F-59000 Lille, France

2STMicroelectronics, 850 Rue Jean Monnet, 38920 Crolles
SCEA-LETI, 17 Av. des Martyrs, 38054 Grenoble

contacts : jean-francois.robillard@iemn.fr, corentin.mercier@st.com

Abstract

Radiofrequency commutators (RF-Switches) are key components of front-end modules. This
statement is reinforced with the introduction of 5G that implies selective propagation over a growing
number of communications norms. Thus, switches of various power and extended frequency ranges are
needed. Silicon-On-Insulator (RF-SOI) is currently the most popular technology for front-end RF
modules [1]. This is thanks to its good tradeoff in terms of ON-state resistance Ron and OFF-state
capacitance Co leading to a metric f=1/(RomCof) around 15 THz, breakdown voltage under high power
and cost/performance ratio. Recently, Phase-Change Material technologies are emerging as a potential
alternative [2-4]. These switches leverage the high electrical conductivity contrast (10°) between the
amorphous and crystalline phases of a chalcogenide material such as GeTe. Their performance could
increase fc by a factor 5 with respect to RF-SOI. They also allow integration in the Back-End of Line at
low cost. However, PCM-Switches require thermal optimization which sometimes contradicts the needs
of electrical design. For example, the material between the RF-PCM channel and the heater should be an
electrical insulator and a thermal conductor. Other significant parameters are the thermal couplings to
the substrate and to the metallic RF contacts which will drive the dynamics of the switch. In this work,
we present the design and modelling of an indirectly heated switch with a GeTe channel, and a tungsten
resistive heater. A dielectric material (SisNs or AIN) is used as the thermal coupler / electric insulator.
We model the system with i) a lumped thermal model and ii) a Finite-Element Method software. The
first method provides a quick and reasonable estimation of the response to voltages pules. The second one
is more accurate and provides detailed temperature maps and heat fluxes distribution during the
transient phases. Results in terms of energy efficiency and dynamics show the strong impact of: heat
spreading through the RF contacts, thickness of the dielectric spacer, temperature dependence of the
heater resistivity and thermal boundary resistances.
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