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§ A new family of MEMS vibratory gyroscopes with:
• Mechanically aplifyied Coriolis/sense movement;
• Mechanically aplifyied drive and sense movements;
• 2- or 4-mass variants;
• Lever or frame variants;
• High rejection of common-mode signals.

§ Under fabrication at Philips Innovation Center.
§ Patents pending.
§ Application: inertial navigation of autonomous electrical 

vehicles.  

11-APR-2023 Copyright © 2023 Alfa Rom Consulting SRL. All rights reserved. 3

Introduction



§ Acts within rotating reference frames on masses that move with 
a non-zero linear velocity.
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Coriolis Force



§ Single proof mass, with coupled modes.
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Decoupled Modes

Drive Mode

Sense Mode



§ Linear with Ω, 
• provided X0 is stable.

§ Large signal, 
• provided Qeff is large.

§ Larger signal, 
• provided kg > 1. 
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Sense Amplitude

Y0 W( ) 2 Qeff× kg× X0×
W

ws0
×:=

Qeff - sensing mode effective Q-factor
kg - angular gain factor (design choice)
X0 - amplitude of drive mode
ws0 - sense mode resonance frequency
W - input angular rate
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Specifications



§ Without mechanical amplification:
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Angular Gain Factor (1)

kg = mproof + msense

mproof

kg is typically 0.85.
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§ With mechanical amplification:
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Angular Gain Factor (2)

kg = mproof + msense

mproof · 𝜁 > 1
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Layout of 2-Mass Gyro
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Schematic of 2-Mass Gyro
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Drive Mode Schematic
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Drive Mode – 10000 Hz
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Sense Mode Schematic
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Sense Mode – 10100 Hz
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Lever Decoupler
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Drive- and Sense-Amplified 2-Mass Gyro
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Drive Mode
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Sense Mode
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Drive- and Sense-Amplified 4-Mass Gyro

Drive Mode



11-APR-2023 Copyright © 2023 Alfa Rom Consulting SRL. All rights reserved. 22

Drive- and Sense-Amplified 4-Mass Gyro
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Fabrication Start: Cavity-SOI Wafer

Device Layer

Buried Oxide

Handle Wafer

Cavity

Back Side Oxide



11-APR-2023 Copyright © 2023 Alfa Rom Consulting SRL. All rights reserved. 24

Metal Depositions

§ Back side deposition.
§ Front side deposition.
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DRIE
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§ Insulating thermal oxide.
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Capping Wafer Oxidation

Thermal Oxide



§ Back side metal deposition.
§ Front side metal deposition (Metal 1)
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Metal Depositions

Metal 1

Back Side Metal



§ PECVD oxide deposition.
§ Front side metal deposition (Metal 2)
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PECVD Oxide and Metal Depositions
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Getter Deposition

Getter
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Wafer-Level Bonding

§ High-vacuum wafer-level eutectic bonding.
§ Getter activation.
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Testing and Dicing

Exposed Pads

§ Sawing to release the pads.
§ Electrical testing.
§ Dicing.
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Thank You!


