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Abstract— In this article, near-zero drift and high
electromechanical coupling acoustic resonators have been
designed and demonstrated. The acoustic resonator is based
on Lamb acoustic waves in a bimorph composed of lithium
niobate on silicon dioxide. Our approach breaks through a
performance boundary in conventional Lamb-wave resonators
by introducing the bimorph while operating at higher order
resonant modes. This enables the resonator to achieve frequency
scalability, a low-temperature coefficient of frequency, and high
electromechanical coupling altogether. The electromechanical
coupling and temperature coefficient of the resonator were
analytically optimized for the A3 mode through adjusting the
thicknesses of different materials in the bimorph. Resonators
with different dimensions and stack thickness were fabricated
and measured, resulting in a temperature coefficient of frequency
ranging from −17.6 to −1.1 ppm/◦C, high electromechanical
coupling ranging from 13.4% to 18%, and quality factors up
to 800 at 3.5 GHz. The achieved specifications are adequate for
fifth-generation (5G) sub-6-GHz frequency bands n77 and n78.

Index Terms— Acoustic resonators, fifth generation (5G),
lithium niobate on insulator (LNOI), low-temperature coefficient
of frequency (TCF), microelectromechanical systems (MEMS),
new radio (NR), piezoelectricity.

I. INTRODUCTION

THE fifth-generation mobile network (5G) is a global

wireless standard advancing the prevalent connectiv-

ity between people, machines, and devices [1], [2]. The

third-generation partnership project (3GPP), a collective

project partnership of mobile system manufacturers, has

played a critical role in the development and deployment of

the 5G standard [1]. Specifically, 5G new radio (NR) uses

modulation schemes, waveforms, and access technologies,

enabling increased data rates, coverage, reliability, capacity,

and low latency [2]. 5G is driven by consumers and industrial

trends, such as enhanced mobile broadband (eMBB), Inter-

net of Things (IoT), smart vehicles, and healthcare/critical
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Fig. 1. Resonators performance comparison including the work presented in
this article. All modes of device A are shown and A3 mode only for device
B. Reference numbers are between brackets and device names are between
parentheses.

services [3], [4]. eMBB, which is the main focus of the

5G NR, imposes a constant demand for higher data rates

in an increasingly crowded spectrum [3], [5], [6]. Radio

frequency (RF) front ends are now required to coexist with

tighter spectral spacing while operating at higher frequencies

and over larger bandwidths. Unsurprisingly, these place pro-

gressively stringent conditions on the mobile front-end filters

for maintaining temperature stability, frequency scalability,

and wideband compatibility. It is undoubtedly a high order as

achieving all three requires overcoming the unforgiving design

trades that filter designers face every day using incumbent

resonator technologies.

The incumbent mobile filters are based on either surface

acoustic waves (SAWs) [7], [8] or bulk acoustic waves

(BAWs) [9], [10]. SAW resonators have electromechani-

cal coupling k2
t < 10%, temperature coefficient of fre-

quency (TCF) of ±44 ppm/◦C, and diminishing performance

beyond 2.7 GHz [11]. On the other hand, conventional BAW

resonators on aluminum nitride (AlN) can be scaled to higher

frequencies (>5 GHz) with TCF ∼ −30 ppm/◦C and k2
t

around 6% [12]. Despite their different technical strengths,

improving any of the three specifications for either SAW or

BAW often means compromising the other two. For instance,

temperature-compensated SAW (TCSAW) uses SiO2 to reduce

TCF at the expense of lowering k2
t and attainable band-

width [12], [13]. BAW adopts doped AlN [14] to raise k2
t

but unfortunately reduces phase velocity (hence frequency

scalability) and increases TCF in the process.
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Fig. 2. (a) Displacement following arrows direction (top) and stress (bottom) distribution in thickness direction for the first three even-order symmetric
modes (Sn) and odd-order antisymmetric modes (Am) that can be excited using lateral electric fields with top-only electrodes. (b) Proposed bimorph made
of LiNbO3 and SiO2 where the thickness of different materials can be optimized based on the targeted resonant mode. (c) Lithium niobate orientation (128◦

Y-cut) resulting in maximum electromechanical coupling to shear waves using lateral electric fields excitation.

Recent research on Lamb-wave devices based on lithium

niobate (LiNbO3) promises an alternative to SAW and

BAW [15]–[21], particularly for wideband applications at high

center frequencies. These approaches leverage the large k2
t in

LiNbO3 and overmoding to beyond 3 GHz with excellent per-

formance. Nonetheless, further attempts to improve their high

TCF (−70 ppm/◦C) and loss of k2
t from overmoding led so far

to a frustrating zero-sum game [20], [22]–[24], similarly seen

in SAW and BAW [13], [25]. The outcome of these attempts

is shown in Fig. 1, showing the performance boundaries of

the best TCSAW [13], [26], [27], TCBAW [25], [28], and

Lamb-waves devices [29]–[32] compared to our work (devices

A and B) in this article. Note that in Fig. 1, many devices

with low electromechanical coupling were designed to achieve

specific bandwidth requirements. Some of them can achieve

higher electromechanical coupling. For full performance com-

parison, other metrics, such as quality factor or impedance

ratio, should be included.

Compared to the IHP SAW [13], our proposed resonator

utilizes the same functional layer made of SiO2 for temperature

compensation, as shown in Fig. 1. Unlike IHP, Lamb waves

allow for a much faster phase velocity and hence operation

at higher frequencies that exceed IHP demonstrations (cur-

rently around 2.7 GHz using i-line lithography). Moreover,

Lamb-wave modes show higher electromechanical coupling

than IHP, promising wider bandwidth and potentially higher

figure of merit. On the other hand, IHP SAW technology is

a solidly mounted structure allowing for a thermal path to

the substrate, consequently, better power handling capability,

in addition to the higher quality factor.

In order to transcend the unfavorable tradeoff between k2
t

and TCF, we utilize a bimorph instead of a single material

in conventional Lamb-wave resonators [20], [22]–[24]. The

stack is made of LiNbO3 on top of SiO2 [33]. LiNbO3 has

a negative temperature coefficient of elastic and piezoelectric

constants, while SiO2 has the opposite [34]. Selecting the right

thicknesses for different materials in the bimorph could result

in a zero TCF resonator. Although this is not news in res-

onator design, the designed bimorph herein unconventionally

improves TCF while not giving up k2
t . To do so, we adopt a

higher order mode (A3) so that the overlap between the stress

and the applied electric fields across the bimorph increases

(resulting in larger k2
t ), while temperature compensation is

induced by the SiO2 layer in the bimorph. In essence, such

a design produces a trio of benefits, namely improving TCF

and k2
t and increasing center frequency all at once.

This article is an extension of [35], which reports only the

measurement of one of the resonators reported in this article

(device A). This article has included a detailed theoretical

approach for designing the multilayer resonator, selecting

the piezoelectric substrate orientation, and understanding key

design parameters. Additional results on fabricated and mea-

sured devices with higher k2
t are included, leading to a further

discussion on improving the performance of the proposed

resonator. This work’s most representative device shows an

ultralow TCF of −1.1 ppm/◦C, a high electromechanical

coupling of 13.5%, and a 500-quality factor at 3.5 GHz.

By comparing this result with others in Fig. 1, we see that

our approach breaks through a performance boundary that

previously held back others.

The rest of this article is organized as follows. Section II

explores the design methodology, focusing on the theoretical

approach, finite-element analysis (FEA) optimization, and

simulation results. Section III shows the steps to validate the

investigated concepts, including the fabrication process and

measurement results. Further enhancements are discussed in

Section IV followed by the conclusion in Section V.

II. DESIGN METHODOLOGY

A. Theory

To help explain the theoretical approach, we assume a

suspended thin-film substrate with a total thickness Ttot made

of an arbitrary number of materials with similar mechan-

ical properties and wave velocities, allowing Lamb waves

to propagate with minimal distortion. Fig. 2(a) shows the

displacement and stress distributions in the suspended film

thickness direction for the first three even-order symmetric

(S) and odd-order antisymmetric (A) Lamb-wave resonant

modes [36], [37]. The plotted resonant modes are the modes

that can be efficiently excited by interdigital electrodes (IDTs)

only on the top surface, which highly simplifies the fabrication
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Fig. 3. Dispersion curves for a bimorph made of 500-nm LiNbO3 on top of 1-µm SiO2 resulting in T = 1.5 µm (a) versus frequency and (b) versus
phase velocity. (c) Electromechanical coupling calculated knowing the phase velocity with electrical open and short boundary conditions on the top surface.
A: asymmetric modes. S: symmetric modes.

process [23]. The number of displacement nodes within the

film equals the mode order, whereas the number of stress

nodes equals the mode order minus one (ignoring the two

nodes at the edges). For fabrication simplicity, we optimize

our resonator for the bimorph case. As shown in Fig. 2(b),

the bimorph is made of LiNbO3 and SiO2. LiNbO3 is a highly

piezoelectric material with large electromechanical coupling

for exciting the acoustic waves [38]. It has negative temper-

ature coefficients of elastic and piezoelectric constants [34].

SiO2 is an intermediate passive layer used in the lithium-

niobate-on-insulator (LNOI) technology [39]. SiO2 is usually

used for temperature compensation as it has positive temper-

ature coefficients of elastic constants [34].

To maximize k2
t , we adopt Berlincourt’s formulation for

electromechanical coupling calculation. For maximum cou-

pling, the mutual energy Um needs to be maximized, which

can be formulated as [40], [41]

Um ∝

∫
(E .d.T )dV (1)

where E , d , T , and V are the electric fields, the piezoelectric

coefficient, stress, and volume of the piezoelectric material,

respectively. Equation (1) signifies the importance of the

overlap between the applied lateral electric fields and the

stress distribution of the resonant mode inside the piezoelectric

material in the thickness direction. For example, Fig. 2(a)

shows that the stress distribution of the A3 mode has two

nodal points in the thickness direction. By choosing the

thickness of LiNbO3 to be half of SiO2 thickness, the upper

nodal point can be located at the interface between the two

materials leaving half a sinusoid in LiNbO3. This results in

the maximum overlap between E and T . The piezoelectric

constant d relevant to our device operation (the strain charge

form of the piezoelectric constitutive equations) can also be

maximized by selecting the appropriate device orientation in

an optimal LiNbO3 cut. In the case of A-modes, the optimal

orientation is in the X-direction in 128◦ Y-cut, as shown

in Fig. 2(c). In this orientation, maximum electromechan-

ical coupling to shear waves, around 2 (in-plane axis) of

Fig. 4(b), can be acquired as it features a high piezoelectric

constant e15 of 4.47 C/m2. e15 is the piezoelectric coefficient

in the stress-charge form mapping the applied electric field

in 1 to acoustic waves in 5 (shear around 2). Note that

an asymmetric Lamb wave is composed of a longitudinal

and transverse vertical waves coupled together to form a

sagittally polarized wave. The direction of propagation is

parallel to X or 1. For the A3 mode, the resulting strain for the

2-D cavity resonator is predominately shear around 2 (strain

component with index 5) where the 2-D cavity is defined by

the metallic IDTs. Moreover, other piezoelectric constants,

such as e11 and e16, are almost zero resulting in minimal

electromechanical coupling to longitudinal and shear horizon-

tal waves and, therefore, spurious modes mitigation [24], [42].

Euler angles following the ZXZ convention in COMSOL are

α = 0, β = −38, and γ = 0 for 128◦ Y-cut [43] (0, 38, and 0

according to [44]).

While the film thicknesses can be optimized for maximum

electromechanical coupling exclusively, they can also be tai-

lored to minimize the TCF while maintaining high electro-

mechanical coupling. Temperature coefficients for different

materials constants used in this article can be found in [34].

The third-order antisymmetric mode A3 has the best tradeoff

between k2
t and TCF. It potentially has a zero TCF added to

maximum overlap between the applied electric field and stress

and, therefore, maximum coupling.

Dispersion curves can be generated using FEA eigenmode

simulations as setup in [24] and [45]. Fig. 3(a) and (b) shows

the dispersion curves of a bimorph made of 500-nm LiNbO3

on top of 1-µm SiO2 corresponding to a total thickness of

1.5 µm. The design region with T/λ ranging from 0.042 to

0.075 was selected, resulting in a large wavelength (λ) ranging

from 20 up to 36 µm. This allows us to use standard optical

lithography with large dimensions >2 µm. Although the

dimensions are large, the resulting frequency of operation is

still high ∼3.5 GHz as the phase velocities are approximately

75, 112, and 136 km/s for S2, A3, and S4 resonant modes,

respectively. The expected electromechanical coupling is plot-

ted in Fig. 3(c), which can be calculated as follows [46], [47]:

k2
=

v2
o − v2

s

v2
s

(2)

where vo and vs are the phase velocities calculated with

eigenmode simulations of the bilayer stack with open and short

electrical boundary conditions, respectively, on the top surface,

without any mass loading from the electrodes.
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Fig. 4. Mock-up of the acoustic resonator. (a) Top view. (b) Cross-sectional
view with displacement and stress distribution in the thickness direction of
the A3 mode.

TABLE I

SIMULATED DEVICE DIMENSIONS

B. A3 Mode Acoustic Resonator Structure

Fig. 4 shows the basic structure of the A3 bimorph res-

onator. The resonator body is composed of LiNbO3 on top

of SiO2 with top Al interdigitated electrodes. For simplicity,

the resonator can be modeled as a 2-D cavity where the energy

is trapped between the thick electrodes. The center frequency

can be determined from the thickness of the thin film and

the lateral dimensions of the 2-D cavity [23]. The detailed

analysis of Lamb modes in thin films is available in the liter-

ature [48], but because of its complex properties, numerical

simulations are required for accurate frequency estimation.

Film thicknesses in the bimorph are engineered to maximize

electromechanical coupling, while the lateral dimensions are

optimized for minimum possible spurious modes [23].

In order to verify the discussed theory, the proposed

structure is simulated using FEA with the dimensions given

in Table I. Fig. 5(a) shows the wideband simulated admittance

of the Lamb-wave resonator along with different mode shapes

for S2, A3, and S4 in Fig. 5(b). Since the structure is optimized

for A3 mode, it results in a maximum k2
t of 21% and lower

k2
t for other modes. k2

t used in this article is defined as

(π2/8)(( f 2
p / f 2

r ) − 1), where fr is the resonance frequency

and f p is the antiresonance frequency [49]. The A3 mode has

a resonant frequency around 3.6 GHz, which is applicable to

5G at the sub-6-GHz frequency bands.

Fig. 6 shows the simulated k2
t and TCF versus LiNbO3

thickness for the A3 mode. All TCF values throughout this

article refer to the series resonance frequency shift and

can be calculated using (6). The figure reveals the tradeoff

Fig. 5. FEA simulation of the proposed Lamb-wave resonator. (a) Admittance
in magnitude (top) and phase (bottom). (b) Displacement (in 1 or X-direction)
mode shapes of different resonant modes at the resonance frequency.

Fig. 6. Simulated k2
t and TCF of the proposed resonator versus LiNbO3

thickness for the A3 mode. Only LiNbO3 thickness varies, while all other
dimensions can be found in Table I. For every device, the bottom green marker
presents TCF and the top green marker presents k2

t .

between k2
t and TCF and suggests that k2

t more than 12% and

TCF < ±20 ppm/◦C can be attained simultaneously. Variations

across the wafer are expected due to slight thickness variations

of LiNbO3, SiO2, and Al. The tradeoff is mode-dependent, and

similar figures can be generated for other modes.

Compared with conventional Lamb-waves resonators where

higher order modes have low k2
t and high TCF, the proposed

bimorph-based resonator allows for frequency scaling at much

higher k2
t while improving TCF simultaneously. The gained

enhancement is added to the ease of fabrication without any

special processing techniques.

III. EXPERIMENTAL VALIDATION

To experimentally validate the proposed concepts in this

article, a set of devices was fabricated using standard opti-

cal photolithography and then measured using a vector net-

work analyzer (VNA). The wafer used in the fabrication

has LiNbO3, SiO2, and Al thicknesses ranging from 480 to

545 nm, 0.94 to 1.06 µm, and 245 to 260 nm, respectively.
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Fig. 7. Fabrication process.

Fig. 8. (a) Microscope image of the fabricated device A. (b) Zoomed-in
view SEM image of the IDTs. (c) Zoomed-in view SEM of the etched release
windows.

A. Fabrication Process

The fabrication process steps are shown in Fig. 7. The

fabrication process starts with transfer bonding a 128◦

Y-cut single-crystal LiNbO3 thin film (0.5 µm) to a silicon

carrier (500 µm) with an intermediate layer of SiO2 (1 µm)

using the ion-slicing technique [50]. Next, a photoresist layer

is spun and patterned using optical lithography as the soft

mask for defining the release windows. Inductively coupled

plasma with Ar-based reactive ion etching is then used to etch

through LiNbO3 and SiO2. After that, the IDTs are defined

by lifting-off 250-nm evaporated Al. Finally, the resonator

is released by using XeF2 isotropic etching to remove the

silicon underneath the bimorph. Fig. 8 shows a microscope

image and scanning electron microscope (SEM) images of

device A.

B. Measurements

Three resonators with different lateral dimensions were

measured using VNA first at room temperature and then at var-

ious elevated temperatures up to 75 ◦C. The measured devices

were chosen randomly from the fabricated wafer to reflect

thickness variation effects. Resonators’ lateral dimensions are

detailed in Table II.

TABLE II

DESIGN PARAMETERS OF MEASURED DEVICES

Fig. 9. Measurements of device A. (a) Admittance in magnitude (top) and
phase (bottom) along with their MBVD fit. (b) Frequency shift of the acoustic
resonator versus temperature for different modes with their quadratic fit used
to calculate TCF.

Fig. 9(a) shows the measured admittance of device A at

room temperature along with the modified Butterworth–Van

Dyke (MBVD) model result [49]. The MBVD fit is used to

extract different resonator parameters and its multiresonance

equivalent circuit can be found in Fig. 10. For each resonant

mode, a series resonance branch composed of a motional

resistance (Rm), inductance (Lm), and capacitance (Cm) can

be calculated as follows:

Rm =
π2

8
·

1

ωr C0

·
1

k2
t Q

(3)

Lm =
π2

8
·

1

ω2
r C0

·
1

k2
t

(4)

Cm =
8

π2
· C0k2

t (5)

where Co represents the static capacitance between the input

terminals comprising the IDTs and the feedthrough capaci-

tances, Q is the mode quality factor, and ωr is the angular

resonant frequency.
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Fig. 10. Equivalent MBVD model including a series parasitic resistance Rs ,
a static capacitance Co , and a series resonant (RLC) branch representing each
resonant mode. Yin is the total input admittance.

TABLE III

EXTRACTED PARAMETERS OF DEVICE A

The measured A3 mode for device A shows resonance at

3.5 GHz and k2
t = 13.5%. The measured k2

t value deviates

from the simulation for two reasons: 1) thickness variations

and 2) the feedthrough capacitance. The device is expected

to have k2
t ∼ 16.5% after deembedding a capacitance of 4 fF

representing the feedthrough effect verifying the simulations

in Fig. 6. The feedthrough capacitance was measured using

identical deembedding structures to the resonator without the

IDTs to measure the capacitance through the substrate.

Fig. 9(b) shows the measured resonant frequency deviation

for device A in ppm with respect to its value at room

temperature (25 ◦C). Measured values are then quadratically fit

to extract the first- and second-order TCFs using the following

equation:

1 f/ f = TCF × 1T + TCF2 × 1T 2 (6)

where 1 f/ f is the frequency shift in ppm, TCF is the

linear TCF in ppm/◦C, TCF2 is the second-order TCF in

ppm/◦C2, and 1T = T − To is the temperature shift from a

reference temperature value To (room temperature). Table III

summarizes the extracted parameters for device A.

Fig. 11(a) shows the measured admittance of device B

at room temperature along with the MBVD model fit. The

measured A3 mode shows a resonance at 3.5 GHz and high

k2
t = 18.1%. The measured k2

t value is expected to be even

higher ∼ 20.5% after deembedding a capacitance of 4 fF.

Fig. 11(b) shows the measured resonant frequency deviation

for device B in ppm with respect to its value at room

temperature. Table IV summarizes the extracted parameters

for device B.

Fig. 12(a) shows the measured admittance of device C

at room temperature along with the MBVD model fit. The

measured A3 mode shows a resonance at 3.6 GHz and

k2
t = 14.6%. The measured k2

t value is expected to be ∼16.5%

after deembedding a capacitance of 2.5 fF, which is less

than devices A and B as device C has a larger aperture

(Wa) resulting in less feedthrough capacitance. Fig. 12(b)

Fig. 11. Measurements of device B. (a) Admittance in magnitude (top) and
phase (bottom) along with their MBVD fit. (b) Frequency shift of the acoustic
resonator versus temperature for different modes with their quadratic fit used
to calculate TCF.

TABLE IV

EXTRACTED PARAMETERS OF DEVICE B

TABLE V

EXTRACTED PARAMETERS OF DEVICE C

shows the measured resonant frequency deviation for device C

in ppm with respect to its value at room temperature. Table V

summarizes the extracted parameters for device C.

Measured results, after deembeding the feedthrough effect,

are shown in Fig. 6 to verify our FEA simulation model. Small

deviations from the simulated values are most likely due to the

large range of variation in the bimorph and IDTs thicknesses.

One characteristic of higher order modes is the sensitiv-

ity to thickness variation. For the A3 mode, the simulated
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Fig. 12. Measurements of device C. (a) Admittance in magnitude (top) and
phase (bottom) along with their MBVD fit. (b) Frequency shift of the acoustic
resonator versus temperature for different modes with their quadratic fit used
to calculate TCF.

series resonant frequency sensitivity to thickness varia-

tions is 4 MHz/nm. This can be seen by comparing

Figs. 5(a)–9(a) with 3.6- and 3.5-GHz resonant frequency,

respectively, caused by thickness change. Although the value

is large, it is still advantageous as it can be used to tune the

frequency during fabrication to have multiple resonators with

different frequencies on the same substrate. Note that, Lamb

waves are highly dispersive when T /λ � 1 and changing

λ will not change the frequency. In that case, changing the

thickness could be the only way to change the resonant

frequency.

IV. DISCUSSION

Targeting a specific k2
t or TCF for a specific frequency

band can be achieved by selecting the proper resonant mode

and controlling the thickness of different materials in the

stack. For example, setting TOX = 3TLN will maximize the

electric field-stress overlap resulting in maximum k2
t at S4

resonant mode and operating at higher frequency ∼ 4.7 GHz

assuming the same total stack thickness. The same approach

can be applied to maximize the coupling at any resonant mode.

Moreover, for a specific mode, the thickness of LiNbO3 can

be finely controlled by thinning using dry etching applied to

the top surface to fine-tune TCF.

In the last fabrication step of releasing the bimorph with

XeF2-based dry etching, considerable residual stress was

observed in the LiNbO3 on the SiO2 stack. Many devices

Fig. 13. (a) Bimorph demonstrated in this article resulting in k2
t up to 18%

for the A3 mode. (b) Multilayer stack made of two LiNbO3 layers with an
intermediate SiO2 layer expected to produce k2

t > 35% with improved TCF
compared to conventional Lamb-wave resonators.

fractured after release, resulting in a meager yield. Considering

the mismatch in coefficients of thermal expansion (CTE) of

LiNbO3 on SiO2, the residual stress results from sputtering

SiO2 on Si at 100 ◦C and bonding LiNbO3 to SiO2 at room

temperature. The few devices that have survived show severe

warpage, which most likely results in the spurious response

seen in Figs. 9, 11, and 12 (in addition to spurious modes that

can be captured by simulations). This spurious response is not

acceptable for 5G applications as it appears as intense ripples

in the passband. Residual stress and yield improvements are

under investigation using other release techniques and better

temperature control in fabrication cycles. Further spurious

mode mitigation is also under investigation by optimizing

lateral dimensions to mitigate lateral spurious modes.

For filter design, use, for example, the ladder topology at the

A3 mode. The series resonant frequency of the series resonator

must be aligned to the parallel resonant frequency of the shunt

resonator. This alignment is mode-dependent resulting in high

insertion loss at S2 and S4 modes. Note that those modes

are fairly separated from A3 mode and can be mitigated with

lumped elements [51], [52].

A substantial enhancement can be attained using a multi-

layer stack instead of a bimorph where LiNbO3 can be inserted

in different regions with in-phase stress in the thickness

direction to maximize the coupling. For example, having two

LiNbO3 layers instead of one would approximately double

the electromechanical coupling as shown in Fig. 13 for the A3

mode. FEA simulation of the proposed stack in Fig. 13(b)

with similar electrode dimensions to device A resulted in

k2
t > 37%. Although this approach would result in a more

complicated fabrication process, it unlocks opportunities to

scale and enhance Lamb-waves acoustic resonators at the

same time by customizing materials and their thicknesses in

a multilayer stack.

Based on the concepts introduced and verified in this article,

Lamb acoustic-wave resonators based on Lamb waves can be

designed with frequency scalability, high electromechanical

coupling, and improved TCF toward higher performance RF

front ends.

V. CONCLUSION

An acoustic resonator based on Lamb waves was presented

in this article. The resonator is based on a bimorph structure

made of LiNbO3 and SiO2, allowing for utilizing higher order

Lamb waves with frequency scalability, high electromechan-

ical coupling, and improved TCF simultaneously. Fabricated
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devices demonstrated in this article achieved near-zero TCF

∼ −1.1 ppm/◦C and high electromechanical coupling up to

18% at 3.5 GHz. A significant enhancement to the resonator

coupling using a multilayer stack was also introduced. Upon

further enhancement, the resonator can be adequate for 5G

and IoT applications.
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