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Types of Gyroscopes
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Ring Laser Gyroscope

Image Source: https://www.ceva-ip.com/

Sense Direction

Dual Mass Gyroscope

Image Source: https://www.mdpi.com/1424-8220/18/4/1037

Drive Direction

Vibrating Ring Gyroscope

Image Source: https://doi.org/10.1109/MEMSYS.1998.659829

MEMS Gyroscope
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Working of Resonating Gyroscope

®

Foucault Pendulum

Coriolis force(F,) = 2m{) x Velocity
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Vibrating Ring Gyroscopes

* Design and fabrication of the first polysilicon vibrating ring
gyroscope.

» Achieved a sensitivity of 0.04 deg/sec

* Material : Polysilicon

Limitations:
* The number of Sense and Drive Electrodes.
* The spoke design prevents the use of internal electrodes.

Polysilicon Vibrating Ring Gyroscope (1998)
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History of MEMS Gyroscope
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Polysilicon Vibrating Ring Honeycomb Disc Resonator
Gyrosco pe (1998) Gyrosco pe (2017) Gear Disc Resona tor
0.04 deg/sec 0.015 deg/sec Gyrosco pe (2021)

Gyrosco pe (2014)
0.016 deg/sec

Gyrosco pe (2019)

[ Boeing Disc Resona tor ] Cobweb Disc Resonator




Types of Disk Resonating Gyroscopes

' Boeing Disk Resonating Gyroscope- 2014 Honeycomb Disk Resonating Gyroscope- 2017

0.016 deg/sec 0.015 deg/sec

- Drive Electrodes

Sense Electrodes
- Tuning Electrodes

'~

Cobweb Disk Resonating Gyroscope- 2019 Gear Disk Resonating Gyroscope- 2021



Approach
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Design Methodology
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Capacitance of Multiple Bodies

Boundary

/' at Infinity

Q1 = C11Vh + C1pV5 + C13V3 + C14V,
Q2 = C21V1 + G2V + C23V3 + (4 Vs
Q3 = C31V; + C3V5 + C33V3 + C34Vy
Qs = CqVi + Cp2Vo + Cy3V3 + Cy4Vy
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Capacitance of Multiple Bodies Continued

(22

Gk

/Eﬁﬂf‘ﬁ{, whereVi; =V =V
Substituting it in the above equations we get:
Q1= C11Vy + Co(Vy = V3) + Ciz(Vy = Va) + C1a(V1 = V)

Q1
Q2
Qs
Q4

Qs = Cp1(Va = V1) + Cao(Va — V3) + Caz(Vy — V3) + C4a (V1)

Rearranging the above equations into the matrix of the form:
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C11 + Cip + Ci3+ Ciy —C1 —C13 —Ci4
—Ciy Co1+ Cop + (o3 + Cyy —Cy3 —Cy4
—(3q —C3; C31+ C3p + (33 + (34 —C34
—C4q —Cy —Cy3 Cy1 + Cap + Cy3+ Cyull




Capacitance Comparison of DRG’s

DRG Base capacitance | Sense capacitance | Relative sense
Type (Co) in pF (AC,) in pF capacitance (ACyC, )
DRG

HDRG
CDRG
GDRG

ADRG
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Improving Mechanical Parameters

A * Ring Number (N): 1-9
T * Ring Width (h)
* Outer Radius (R)

* Anchor Radius to Outer Radius (AOR) (d)
; « Spoke Angle (0)
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ion of Parameters
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f Parameters
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Comparing the various DRG’s

Eigenfrequency in Hz | Thermo-elastic Mechanical sensitivity | Average Brownian
quality factor in k (S;nech) IN Noise (Q in
um/(rad/sec) rad/sec/VHz

mech)
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Microfabrication Process

(a) Patterning of photoresist to protect anchors

(b) DRIE to define anchoring points

(c) Anodic bonding

(d) Patterning of Al to define DRG structure

I I I I I I - I I I I I I (e) DRIE to create DRG structure

Glass . Silicon Photoresist Al
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Scanning Electron Microscope (SEM) Images

* Device thickness — 60 um

* Ring width — 10 pum

Accordion-like DRG (ADRG)
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Testing

& Polytec  MSA-500
MICRO SYSTEM ANALYZER

Measurement setup

Resonator (DRG)

00
Drive Signal (D1)

180°
Drive Signal (D1)

T
-~ X
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Testing
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Summary

* The proposed DRG design( ADRG) was tested under controlled
atmospheric conditions (1 atm, 25° C).

* Fabricated ADRG response was found to be in close agreement
with FEM results.

* Tested device’s eigenfrequency has an error range of 1.2-1.4 %.
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   Q 1 =  C  11  V 1 +  C  12  V 2 +  C  13  V 3 +  C  14  V 4


   Q 2 =  C  21  V 1 +  C  22  V 2 +  C  23  V 3 +  C  24  V 4


   Q 3 =  C  31  V 1 +  C  32  V 2 +  C  33  V 3 +  C  34  V 4


   Q 4 =  C  41  V 1 +  C  42  V 2 +  C  43  V 3 +  C  44  V 4


  w h e r e    V  i j =  V i −  V j


  S u b s t i t u t i n g   i t   i n   t h e   a b o v e   e q u a t i o n s   w e   g e t :


   Q 1 =  C  11  V 1 +  C  12 (  V 1 −  V 2 ) +  C  13 (    V 1 − V 3 ) +  C  14 (  V 1 −  V 4 )


  .


  .


   Q 4 =  C  41 (  V 4 −  V 1 ) +  C  42 (  V 4 −  V 2 ) +  C  43 (    V 4 − V 3 ) +  C  44 (  V 1 )


  R e a r r a n g i n g   t h e   a b o v e   e q u a t i o n s   i n t o   t h e   m a t r i x   o f   t h e   f o r m :


   (          Q 1    Q 2     Q 3     Q 4 ) =  [          C  11 +  C  12 +  C  13 +  C  14    − C  12     − C  12   C  21 +  C  22 +  C  23 +  C  24         − C  31                                                                    − C  32     − C  41                                                                      − C  42                    − C  13                                                                                                − C  14     − C  23                                                                      − C  24        C  31 +  C  32 +  C  33 +  C  34    − C  34     − C  43   C  41 +  C  42 +  C  43 +  C  44 ]  [          V 1    V 2     V 3     V 4 ]

