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Design of Lithium Niobate Mems Resonator

M. Maneesha, V. Sai Tegjaswi, N. Ramya, G. R. K. Prasad

Abstract: This paper reports on stress and displacement of the
resonator’s nodes. The search of the resonator’s frequency is
examined by using Lithium niobate (LiNbO3) as the resonator’s
major component material. By using the lithium niobate as a
major component it makes a partial changes in stress and
displacement of a resonator. The theoretical details of stress and
displacement are given for respective eigen frequency. The line
graph for the stress and displacement on the X and Y axis is
examined by using the comsol software. The design of resonator
by using the software makes easy to rectify the technical errors,
before going to create a hardware product. For example the
acoustic resonator’s are used to reduce the noise in the
automobile industries with the use of muffler. The resonator used
for reducing the noise can be designed initially with the software
such that the design clarity will be noticed. This report based on
resonator design using lithium niobate(LiNbO3), other then
lithium niobate materials like silicon can also be used but in this
project lithium niobateisused asthe major component becauseit
is prepared by using lithium(Li), niobium(Nb), oxygen(O2) which
isnot directly present in nature.

Keywords: MEMS, Lithium Niobate, stress, Eigen frequency,
electric field, displacement.

. INTRODUCTION

In the rapidly growing mechanism and the advancement of

the mobile communication, use of mobile headsets and the
IOT calls for RF had the high usability within the limited
bandwidth had been increased. In mobile phones SAW
(surface acoustic waves) filters are used to produce significant
performance, and to maintain cost and size. Thethin film bulk
acoustic wave (FBAW) sensors are most commonly used in
cell phones and other wireless applications, the resonance
frequency change of FBAW devices happens when it is
placed under the mechanical pressure. For the BAW devices
the waves will pass into the material surface. The wave can
only travel on the part of the surface in the SAW devices.
MEMS (micro-electromechanical system) are a mechanical
and electronic component miniature computer. A MEMS
‘physical dimension can vary from several millimetres to less
than one micro meter, several times less than a human hair’s
width.
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I[I. DESCRIPTION

In this paper we present the development of LiNbO3
resonator for lithium mems. It relies on a configuration of the
six electrodes placed on the resonator plate to estimate the
stress and displacement for the electrode nodes. Asillustrated
in fig (1), the top plate with six electrodes act as the IDT’s.
The piezoelectric field is applied on the IDT’s to produce the
stresson the electrodes by using thiselectric field at particular
node the displacement is calculated. The IDT’S are connected
to the thin film. By LiNbO3’s strong piezoelectric is passed
into the resonator body’s four sides, the E-field induces both
saw and baw waves in the resonator body. The resonant
frequency is set by the metal electrode pitch. Several resonant
frequencies on the same substrate can be noted.

[11. METHODOLOGY

To achievethe goal of evaluating the stress, we approach with
the eigen frequency on the resonator body by using the lithium
niobate as the resonator major component. The author’s
process begins with the creation of simple thin film plate by
using comsol tool the plate is dopped with the lithium niobate.
The releasing windows are placed on either sides of the
resonator body. The ground and power supply window are
created on top and bottom end of the resonator plate. The
significant spacing should be maintained for the releasing
windows, the top and bottom windows which act as the power
supply and ground. The electrodes are placed on the resonator
this electrodes act as the IDT’s this inter digited transducers
are used for producing the electric field into the resonator
body.

IV. THEORETICAL CONCEPT

The schematic of mems resonator using the LiNbO3
component, the lithium niobate consists of a suspended
lithium niobate plates with (IDTs) inter digitated transducers
which are connected to the power supply and ground.The
mems resonator is divided into two parts. a) inactive region,
b) electroderegion Ininactive region the areawas not covered
by the electrodes, it was uncovered by the electrodes. In
electrode region it was covered with the electrodes (IDTs
electrode). The theoretical values are identified by using the
3D structure, the 3D analysis is more comfortable to produce
the significant results.
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Figure 1: Lithium Niobate(LiNbO3) Resonator

a. Resonator

Resonator at particular frequencies oscillates with greater
amplitude. These resonators can be used in applications for
200 MHz to 10 GHz. They are different types of resonator
like saw, baw and yig resonators. This resonators have
different applications and specific resonator are used for
particular operation.

b. Mems
MEM S(micro electro mechanical systems) are the systems or
devices used for the integrated elements, that combine both
electrical and mechanical energies.
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Figure2: Schematic of LiNbO3(back view)

The wafer is dopped with LiNbO3 (lithium niobate. LiNbO3
it is a mixture of niobium, lithum, and oxygen. Their single
crystals are an important material for optical waveguides,
mobile phones, piezoelectric detectors, optical modulators
and other linear and non-linear optical operators.

Parameters Symbols Value(um)
Plate length L 100

Plate width W 59

Plate thickness T 0.7
electrode E 0.5

The above table represents that the basic parameters required
for the construction of an mems resonator with different plate
lengths, width, thickness and the electrode thickness. The
dimensions of the LiNbO3 micro Resonator are (L=100,
W=59, T= 0.7) al devices are fabricated with identical
dimensions.
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In operation the IDT’S are alternaly attached to signa and
ground. Saw resonators operate on the basis of the
propagation principle of acoustic waves. The waves are
generated by injecting electrical energy into the piezoelectric
material using IDT’S (interdigitated transducers) that
transform it into mechanical wave.

1. RESULT
Table1: Stree & Displacement Valueswith respect to
Eigen Frequency

Eigen frequency | Stress(N/m?) Displacement(pm)
10.364 0 0.2¢10"6
5 2*10"6
5.5 2*10"6
8 2*10"6
34.054 0.2 1.510"6
0.6 1.1*10"6
1 1.1*10"6
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Figure 3: Line Graph Stress & Displacement
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Figure4: Line Graph Stress & Displacement
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V. CONCLUSION

In this article we used the resonator plate which is dopped
with Lithium Niobate (LiNbO3) to understand the stress and
total displacement for the lithium niobate mems resonator is
analyzed by using comsol tool, the line graphs at particular
node point is verified and tabled for different Eigen
frequency. The material used is not present directly in nature
it is man made material .

REFERENCES

1 L.A.Bearddee A. M. Addous, S. Heinrich, F. Josse, |. Dufour, and O.
Brand, "Thermal Excitation and Piezoresistive Detection of Cantilever
In-Plane Reso Modes for Sensing Appli..,"MEMS, Journal of
Micromechanics and Microengine.., vol. 19, pp. 1015-1017, 2010.

2 C. Riesch, E. K. Reichel, A. Jachimowicz, J. Schalko, P. Hudek, B.
Jakoby, et al., "A suspended plate viscosity sensor featuring inplane
vibration and piezoresis.. readout," Journal of Micromechanics and
Microengin.., vol. 19, p. 075010, 20009.

3  Amit K.G., “An Improvement of Transmission Loss on Reactive Muffler
by using Helmholtz Reso...,”IISER| Vol. 4, Issue 02, 2016.

4 R.K.Mongia, “Theoretical and exper.. reso freq of rectangular dielectric
reso ,” IEEE Proc. Pt-H, vol. 139, pp. 98104, 1992.

5 K.L.Wong, Planar Antennasfor Wireless Commu.., John Wiley & Sons,

USA 2003.

Shakila Naznin, Md. Sohe Mahmud Sher, "Design of a

LiNbO3-on-insulator-based optical microring reso.. for biosensing

appli," Opt. Eng. 55(8), 087108 (2016).

7 Y. Yang, S. Saurabh, JM. Ward, S. Nic Chormaic, High-Q,
ultrathin-walled micro reso for aerostatic pressure sen. Opt. Express 24,
294 (2016).

8 R. Madugani, Y. Yang, JM. Ward, V.H. Le, S. Nic Chormaic,
Opto-mech transduction and charact of a silica microsphere pendulum
via evanescent light. App. Phy. Lett. 106, 241101 (2015).

9 Ruppd, C.C.W.; Reindl, L.; Weigd, R.; , "SAW devi and their wireless
comm appli," Microwave Magazine, IEEE , vol.3, no.2, pp.65-71, Jun
2002.

10 R. H. Olsson, 111, et al., “A high electromecha..coupling coeffi SHO
Lamb wave LiNbO3 micromech reso and a method for fabrication,”
Sens. Acuta, Phys., val. 209, pp. 183-190, Mar. 2014.

11 R.Wang, S. A. Bhave, and Bhattacharjee, “Design and fabri of SO
Lamb-wave thin-film LiNbO3 mems reso,” J.Microelectromech. Syst.,
val. 24, no. 2, pp. 300-308, Apr. 2015.

12 D. W. Branch and R. H. Olsson, 111, “Suppre fine-freq modes in
aluminium nitide microreson,” in Proc, IEEE Int. Ultrason. Symp,
(1US), Sep. 2014, pp. 572-577..

13 S. Gong and G. Piazza, “Monolithic multi-freq wideband Rf fil using
two-part laterally vibrating LINbO3 MEMS reso,” J. Microelecmech.
Syst., vol. 23, no.5, pp. 1188-1197, Oct. 2014.

14 H. Younesiraad, M. Bemani, and S. Nikmehr, “Small Multi-Band
Rectan Dielectric Reso Antennas for Personal Commu Devices,” Int.J.
Elec. Com. Eng.,vol. 4, no. 1, pp. 1-6, 2014.

15 L.Huitema and T.Monediere.“ Dielec Materials for Compact Dielec
Reso Antenna Appli*. 2012.

16. C. T.-C. Nguyen, “MEMS-based RF channel selec for true software defi
cognitive radio and low-pow sensor commu,” IEEE Commun. Mag.,
val. 51, no. 4, pp. 110-119, Apr. 2013.

[«2)

AUTHORSPROFILE

M. Maneesha currently pursuing

Bachelor of Technology in Department of Electronics and
e Communication Engineering(ECE), Koneru Lakshmaiah

Education Foundation (KLEF).

Gmail: mukkamallamaneesha@gmail.com

V. Sai Tejaswi currently pursuing

Bachelor of Technology in Department of Electronics
and Communication Engineering(ECE), Koneru
Lakshmaiah Education Foundation (KLEF).

Gmail: saitejaswivarakuti @gmail.com

Retrieval Number: B7634129219/20200BEIESP

DOI: 10.35940/ijitee.B7634.059720 223

Journal Website: www.ijitee.org

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)

I SSN: 2278-3075 (Online), Volume-9 I ssue-7, May 2020

N. Ramya, currently pursuing Bachelor of Technology in
Department of Electronics and Communication
Engineering(ECE), Koneru Lakshmaiah Education
Foundation (KLEF).

Gmail: ramyanallabothula98@gmail.com

G.R.K. Prasad,
Gmail: Ramgudal978@gmail.com

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



