E proceedings

Abstract

Fabrication of Wafer-Level Vacuum-Packaged 3C-SiC
Resonators with Q-Factor above 250,000 *

Sergio Sapienza '*{¥, Luca Belsito !, Matteo Ferri !, Ivan Elmi !, Marcin Zielinski >, Francesco La Via 3

and Alberto Roncaglia !

check for
updates

Citation: Sapienza, S.; Belsito, L.;
Ferri, M.; Elmi, L.; Zielinski, M.; La
Via, E; Roncaglia, A. Fabrication of
Wafer-Level Vacuum-Packaged
3C-SiC Resonators with Q-Factor
above 250,000. Proceedings 2024, 97,
44. https:/ /doi.org/10.3390/
proceedings2024097044

Academic Editors: Pietro Siciliano

and Luca Francioso

Published: 18 March 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Institute for Microelectronics and Microsystems (IMM), National Research Council, 40129 Bologna, Italy;
belsito@bo.imm.cnr.it (L.B.); ferri@bo.imm.cnr.it (M.E); elmi@bo.imm.cnr.it (LE.);
roncaglia@bo.imm.cnr.it (A.R.)

Soitec, Parc Technologique des Fontaines—Chemin des Franques, 38190 Bernin, France;
marcin.zielinski@soitec.com

Institute for Microelectronics and Microsystems (IMM), National Research Council, 95121 Catania, Italy;
francesco.lavia@imm.cnr.it

*  Correspondence: sapienza@bo.imm.cnr.it

Presented at the XXXV EUROSENSORS Conference, Lecce, Italy, 10-13 September 2023.

Abstract: In this work, the fabrication of wafer-level vacuum-packaged 3C-SiC on Si double- clamped
beam resonators via glass—silicon anodic bonding using Ti-based vacuum gettering is reported. Open-
loop resonance measurements are performed on the vacuum-packaged devices, showing Q-factor
values up to 290,000, a process yield above 80%, and a maximum vacuum level around 10~2 mbar
inside the Ti-gettered encapsulations.
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1. Introduction

Q-factor is an important parameter for the performance of a sensor based on mechan-
ical resonance because it is strictly correlated with the measurement resolution that can
be reached by any kind of sensing based on mechanical resonance frequency shifts [1,2].
We present here a technology for fabricating wafer-level vacuum-packaged SiC resonators
with a high Q-factor.

2. Materials and Methods

A hetero-epitaxial, non-intentionally doped 0.8 pm thick 3C-SiC thin film was grown
on 500 um thick <100> p-type silicon substrates using chemical vapor deposition, as
described in [3]. The process flow adopted to fabricate the wafer-level vacuum-packaged
SiC double-clamped beams is shown in Figure 1.

More details about the method used for the micromachining of the SiC structures
can be found in [3]. Wet etching using a Cr/Au mask was used to produce 100 pm deep
cavities in borosilicate glass for the encapsulation. In some of them, a 1 um thick Ti layer
was inserted for vacuum gettering using either lithography and wet etching or shadow
masking in different dies on the wafer. The glass and Si wafers were bonded anodically
at 400 °C after a 2 h degassing in vacuum (step 18 in the figure). The double-clamped
beams were 900 um long and 24 pm wide. Q-factor measurements were performed using a
laser diode to induce a sinusoidal vibration of the beam, while a Doppler vibrometer was
employed to measure the beam vibration at resonance.
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Figure 1. Process flow for the fabrication of the wafer-level vacuum-packaged SiC resonators.

3. Discussion

The results of the Q-factor measurements performed within encapsulations of different
geometries are shown in Figure 2. Evidently, the presence of Ti greatly increases the vacuum
level and the Q-factor, both when using shadow masking and the lithographic patterning
of it. A very high yield of the vacuum encapsulation is also observed, with a vacuum level,
estimated through the resonators’ Q-factor, around 10~2 mbar.

=

=

IN

=

=

1 1]1/1]1
l l Broken
2 8 1 250k < Q < 300k ' Verélarge I - 1849 mm*
1 200k < Q < 250k \—
1 1 1 21 150k < Q < 200k
1 100k < Q < 150k “ lorge || Wi 6.88 mm?
1 1 1 - 30k < Q < 100k 2
1 11 1 1 o 100<Q <500
é Shadow Ti + Triangle <Ti 2.6 mm?
1)1 2 3
Lito Ti
1 1 W
2 § é l NoTi . Littljr H =0.29 mm?2
1 \
1
6 7 8 9 10 1 12 13 14 15 16

Figure 2. Q-factor measurements performed on double-clamped beams inside capsules with different
geometries and areas.
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