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Abstract: This paper proposed a solid-mounted (SM) longitudinally excited shear wave resonator
(i.e.,, YBAR). By adopting a 200 nm x-cut LiNbOj film, top (aluminum) and bottom (platinum) elec-
trodes in 50 nm thickness and 500 nm width, this resonator simultaneously achieves an operating
frequency over 5 GHz with an electromechanical coupling coefficient exceeding 50%. Compared
with previously proposed YBAR with suspended structure, the proposed SM-YBAR can effectively
suppress unwanted spurious modes with only a slight loss of the electromechanical coupling coeffi-
cient. The SM-YABR also provides better device stability, possible low-temperature drift coefficient,
and a more convenient and mature device processing. It has the potential to meet the multiple
requirements for the next generation signal processing devices in terms of high frequency, large
bandwidth, stability, and low cost, etc.

Keywords: YBAR; bulk acoustic resonator (BAR); solid mounted resonator (SMR); LiNbO3 film

1. Introduction

Microwave acoustic devices based on surface acoustic waves (SAW) and bulk acoustic
waves (BAW) are of great value in the communication and sensing fields. The core of
these devices is the microwave acoustic resonator, which can further construct today’s
mainstream microwave acoustic filters, duplexers, multiplexers, and various kinds of
sensors [1-4]. With the advent of the new generation of mobile communication technology
(5G) and the Internet of things (IOT), the demand for high-performance microwave acoustic
resonators continues to increase. At present, they are developing in the direction of having,
to some extent and at the same time, a higher frequency, higher quality factor (Q), larger
electromechanical coupling coefficient, smaller volume, and lower temperature coefficient
(TCF) [5-8], etc.

Bulk acoustic resonators (BARs) based on single-crystal lithium niobate (LiNbOs3)
films, thanks to their ability to simultaneously meet high working frequency, large elec-
tromechanical coupling coefficient, and high Q at the same time [9,10], have recently
shown a high practical application value. One of the representative BARs is the so-called
XBAR [11], in which laterally-excited standing shear waves are the main resonance mode,
i.e., the antisymmetric modes, in the LiNbOj film. It can achieve an electromechanical
coupling coefficient of more than 25% while having a working frequency over 4 GHz,
further realizing a high-quality filter with a bandwidth up to hundreds of MHz [12].

Similar to the XBAR, the YBAR was proposed in 2020 [13], in which longitudinally-
excited shear waves resonate in the LiNbOs film. In terms of device configuration, the
XBAR consists of the piezoelectric film (most likely LiNbO3) and interdigital electrodes
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(IDTs) on its top surface, while the YBAR has one more electrode at the bottom of the
piezoelectric film than the XBAR. Figure 1a,b shows the differences in device configuration
and acoustic resonance principle between the XBAR and YBAR. Regardless of the XBAR
or YBAR, their resonance frequency mainly depends on the thickness of the piezoelectric
film. Due to the existence of the bottom electrode, the resonance frequency of the YBAR
is slightly lower than the XBAR at the same piezoelectric film (with the same thickness).
The advantage of the YBAR is that the presence of the bottom electrode utilizes the electric
field more efficiently, thus further improving the electromechanical coupling coefficient of
the resonator.

(a) XBAR electric field ©)

in§1‘t - ................

displacement
— 1

Y displacement X 5
|
X Ne
(b) (d)
A . IDT placement
input displacement
N /0 T T.‘._..._._.Te
::::I:):::Tb
BR
PO ..
X displacement bottom 30 °.y
electrode
(floating)

Figure 1. (Left) device principal and acoustic displacement of an XBAR and a YBAR. (a) an XBAR, electric field applied by
the interdigital transducers (IDTs) in the transverse direction (i.e., X direction) was utilized to excite the transverse acoustic
shear wave. (b) a YBAR, electric field applied by the IDTs in the longitudinal direction (i.e., Y direction) was utilized to
excite the longitudinal acoustic shear wave. The red /blue arrows represent the displacement of the excited shear waves.
(Right) Device configuration of the SM-YBAR in (c) top view and (d) section view, colored coordinates show the LiNbO3
orientation in the resonator.

In principle, for BARs based on piezoelectric films, including the XBAR and YBAR,
there are two methods to suppress the radiation of the BAW from the film piezoelectric
to the substrate. One is to suspend the piezoelectric film (i.e., acoustic isolation from air
or vacuum), and the other is the acoustic Bragg reflector [14,15]. The Bragg reflector is
composed of alternating high and low acoustic impedance layers, which can effectively
reflect the downward radiated BAW in the piezoelectric film.

In this paper, we studied and proposed a solidly mounted longitudinally excited shear
wave resonator (SM-YBAR) based on x-cut LiNbO; film with excellent performance. In the
simulation of 3D finite element analysis (FEA) software COMSOL Multiphysics, by adopt-
ing a 200 nm x-cut LiNbOj film (available in the current industry), the SM-YBAR achieved
a resonant frequency of over 5 GHz and a large electromechanical coupling coefficient of
more than 50%. Figure 1c,d shows the structure of the proposed SM-YBAR. Compared with
the previous YBAR with a suspended structure, although the electromechanical coupling
coefficient of the SM-YBAR is slightly reduced, it has a significant advantage in spurious
mode suppression, which means that the design of this type of YBAR will be more flexible
and convenient. Additionally, the preparation of the SM-YBAR is easier to implement pre-
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cisely and with lower cost, resulting from completely avoiding the etching/processing of
LiNbOj3. Moreover, devices with non-suspended structures have better mechanical stability
than those that are suspended, so the SM-YABR is more suitable to meet the application
requirements of various mobile scenarios in the new generation wireless communications.
Below, we will discuss specifically the SM-YBAR in its design principle, material selection,
and geometrical configuration with corresponding numerical calculations/simulations.

2. Crystal Cut and Orientation of the LiNbO3 Film

Due to the anisotropy of the single LiNbOj3 [16], different crystal cut will have decisive
influence on the BAWRs. For LiNbO3-based BAWRs (including the YABR), the x-cut
LiNbOs has a higher piezoelectric coefficient than other crystal cuts [17]. Consequently,
we chose the x-cut LiNbOj film to ensure that the YBAR has a larger electromechanical
coupling coefficient.

Specifically, for the YABR, it is not only the crystal cut of LiNbOj film that determines
the piezoelectric coefficient but also the direction along which the IDTs are placed on the
top surface of the LiNbOjs film. In this paper, we denoted the placement direction of IDTs
as the vertical direction of their electrodes, as shown in Figure 1d, and studied how this
direction affects the coupling coefficient of the x-cut LiNbOj3 film, as shown in Figure 2. The
placement is rotated clockwise from y to —y. The electromechanical coupling coefficient is
determined by the formula [18]

2
es.
K2=_Y_ 1)
Tsic)

where ¢;; is the piezoelectric coefficient, which is the main factor determining K2, ¢ is
the relative permittivity, and cj; is the elastic modulus. In Figure 2, model is the main
excitation mode of the YBAR with corresponding piezoelectric coefficient es4, while mode2
and mode3 are both spurious modes with corresponding piezoelectric coefficients e14 and
ess, respectively. The electromechanical coupling coefficient reaches its maximum when the
IDTs are placed in the direction of 30°-y, while some other spurious modes are relatively
weak. Therefore, in this paper, we chose to place IDTs on the x-cut LiNbO3 surface along
the 30°-y direction.
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Figure 2. Relationship between the electromechanical coupling coefficient of an x-cut LiNbO3 film
and the orientation of IDTs placed on its top surface.
3. Thickness of the LiNbOj3 Film

In the YBAR, since the excited shear wave will propagate perpendicular to the piezo-
electric LiNbOj3 film, the main factor determining the resonance frequency of the YBAR



Micromachines 2021, 12, 1039

40f10

is the thickness of the LiNbO; film but not the period of IDTs. At the same time, the
metal electrode layers above and below the LiNbOj film will also have an impact on
the longitudinally excited shear wave. In order to reduce this effect, the thickness of the
metal electrode should be reduced as much as possible. As the calculation results show in
Figure 3, without considering the metal electrode, the resonance frequency of the YBAR
will increase with the decrease in x-cut LiNbOQOj film thickness. When the film thickness
is 200 nm, the resonance frequency is over 8 GHz. Considering the influence of metal
electrodes (in this paper, we chose Al as the top electrode and Al, Pt, and Au as the bottom
electrode, sharing the same thickness of 50 nm, considering that the electrodes should
be as thin as possible and processing limitations), the resonance frequency of the YBAR
will be lower, but still higher than 4 GHz. We also studied the influence of the LiNbOj3
film’s thickness on the electromechanical coupling coefficient. When the LiNbOj3 film
is thinned to a certain thickness (around 200~300 nm), the electromechanical coupling
coefficient will rapidly decrease as the film thickness decreases. When the LiNbOj3 film
thickness is 200 nm, using Pt as the bottom electrode will have a larger electromechanical
coupling coefficient but a lower resonance frequency than using Al, and will have a larger
electromechanical coupling coefficient and a higher resonance frequency than using Au.
Hence, in the research later in this paper, we chose to adopt 50 nm Al and Pt as the top
and bottom electrodes of the resonator based on 200 nm x-cut LiNbOs. In this choice, the
YBAR would get a resonance frequency over 5 GHz and an electromechanical coupling
coefficient over 60%. However, it should be noted that an Al bottom electrode is also an
advantageous choice.
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Figure 3. (a) Relationship between the thickness of the x-cut LiNbOj; film and the resonance frequency of the YBAR
with different bottom electrode materials. (b) Relationship between the thickness of the x-cut LiNbOj film and the
electromechanical coupling coefficient of the YBAR with different bottom electrode materials.

4. YBAR in Different Structures

In this section, we numerically studied the performance of four kinds of YBARs
(including devices A, B, C, and D) in different structures by the finite element method
(FEM), using the piezoelectric module of commercial software COMSOL Multiphysics.
As shown in Figure 4, in all these four devices, the thickness of the LiNbO3 film is set to
200 nm; the thickness of the aluminum (Al) IDTs on the top surface of the LiNbO; film is
50 nm, with identical electrode width of 0.5 um and a period of 2 um; the thickness of the
platinum (Pt) electrode at the bottom of the LiNbOj film is 50 nm.
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Figure 4. Structures, calculated admittance, and BAW field distribution in the resonance of four different YBARs. (a) Sus-
pended Al-LiNbOs-Pt, (b) Al-LiNbO3-Pt mounted on Al,O3 substrate, (c) an alternately arranged SiO,-Al,O3 multilayer
(served as a BAW Bragg Reflector) added between the Al-LiNbOj3-Pt layer and the Al,O3 substrate, (d) an alternately
arranged SiO,-Pt multilayer (also served as a BAW Bragg Reflector) added between the Al-LiNbOs3-Pt layer and the

Al;O3 substrate.

Device A is a YBAR with a suspended structure. Devices B, C, and D are SM-YBARs, all
on a sapphire (Al,O3) substrate. In device B, there is only the Al,O3 substrate supporting
the (from the top surface to the bottom) Al-LiNbO;3-Pt layer. In device C, there is an
alternately arranged SiO;-Al,Os multilayer (i.e., Si0,-Al,O3-5i0;-Al,03-5i0;) added
between the Al-LiNbOj3-Pt layer and the Al,O3 substrate. The structure of device D is
similar to that of device C, while the multilayer is made of SiO; and Pt (i.e., SiO,-Pt-5i0,-Pt-
Si0;). These two kinds of alternately arranged multilayers play the role of Bragg reflectors
in the BAWR, reducing the BAW radiation from the LiNbOj film to the Al,O3 substrate.

In the Bragg reflectors, the Pt layers and the Al,O5 layers are high-impedance layers,
while the SiO; layers are low acoustic impedance layers. The greater the difference in
acoustic impedance between the two adjacent layers, the better the down-warding acoustic
waves will be reflected and localized inside the LiNbOj film. When the thickness of each
layer in the Bragg reflector is selected as A/4 (A is the wavelength of the acoustic wave
in each layer), the Bragg reflector will have the best working ability for acoustic wave
reflection [19]. Under this design, we set the thickness of the Pt, 5iO;, and Al,O3 layers as
0.060 pm, 0.174 um, and 0.295 pm, respectively.

In our simulations, the material parameters (elastic, piezoelectric, and dielectric con-
stants) setting of the single crystal LiNbOs film refer to the literature [1,6], and the settings
of deposited SiO; and Al,Oj3 films refer to the literature [20,21]. In addition, all losses
(whether mechanical or dielectric material losses or air damping) are not considered.

Calculated BAW field displacements and admittance of the four devices are also
shown in Figure 4. Additionally, according to the admittance calculation results of the
four devices, we could further determine the electromechanical coupling coefficient of the

resonator by the formula [22]
2 2 _ (2
p T f p f s
=% ( 72 ) @

where f; is the peak value of the admittance map, and f, is the valley value. It can be seen
that, except for device B, the other three devices can achieve good BAW resonance effects,
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and their electromechanical coupling coefficients are all over 50% (64.2%, 52.3%, and 55.0%
for devices A, C, and D, respectively).

Comparing the results of device A and devices C/D, the former has obvious spurious
modes near f,. Examining the BAW field displacements of these spurious modes (shown
in the insets), we found that the appearance of these spurious modes is closely related to
the free-boundary bottom Pt electrode of the device. In devices C and D, since the bottom
Pt electrode no longer serves as a free boundary, but is sandwiched solidly between the
LiNbOj film and the substrate, these spurious modes are effectively suppressed.

Comparing the results of devices C and D, we found that the Bragg reflectors of
different materials have little inference on resonance frequency and electromechanical
coupling coefficient of the YBAR. Therefore, the materials used for the BAW Bragg reflector
can be selected in various ways according to the practical device processing, the needed
temperature drift of the device, and other considerations.

5. 3D simulation of the SM-YBAR

According to the design of device D in the previous section, we also performed a
full 3D simulation of the SM-YBAR. In this simulation, both the aperture of the IDTs (set
to 36 um) and their busbar electrode are considered. Figure 5a shows the 3D model of
the SM-YBAR. The boundaries in the x and y directions of the model are set as periodic
boundaries and low reflection boundaries, respectively. Figure 5b shows the finite element
meshing of the 3D model. The maximum size of each mesh is less than one-eighth of the
IDTs’ period, small enough according to a mesh refinement study. Figure 5c,d shows its
calculated admittance and the BAW field distribution at its resonance frequency.

(b)

(d)
‘ =
3]
=
8
E .| f=5.05GHz L ——
<10 6 06GHzZ —
x10°] K*=54.6% )
. . . min EEETTTTTTTOEE max
5 6 7 Displacement

Frequency/GHz

Figure 5. 3D simulation of the SM-YBAR. (a) 3D schematic diagram; (b) Finite element meshing; (c) calculated admittance;
(d) Top view and the BAW field distribution at its resonance frequency:.

It can be seen that the BAW at resonance is mainly concentrated in the IDTs area.
This is conducive to achieving a high-quality factor (Q) of the resonator. In this paper, the
simulated SM-YBAR has a theoretical Q reaching 10*. In practical terms, limited by the
finite size of the device and all of its losses, the Q value will be lower than the simulation
result. Compared with the result of the SM-YBAR obtained by the simulation in the
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previous section, the electromechanical coupling coefficient of the device obtained by the
3D simulation is still over 50%. There are some peaks of spurious modes in the admittance
spectrum, but they are negligible compared with the main peak (the longitudinally excited
shear wave), thus, hardly affecting the performance of the device.

6. Performance of the SM-YBAR Depending on Different IDTs Design

Above, we have clarified the design of the SM-YBAR in the following aspects: (1) crys-
tal cut and orientation of the LiNbOj film, (2) thickness of the LiNbOj film, (3) thickness
and materials of the top and bottom electrodes, and (4) thickness and materials of the mul-
tilayers Bragg reflector. After these, since the SM-YABR has a relatively simple structure,
there is not much room for further design, except the period and electrode-width of the
IDTs. Although the electrode period does not directly determine the operating frequency of
the YABR, as in SAW devices, a reasonable period helps suppress the spurious mode in the
YABR. After research, it was found that when a quarter period of the IDTs was similar to
the equivalent wavelength of the BAW at its working frequency, i.e., a 2 um period of IDTs
at the working frequency around 5 GHz, all spurious modes in the working bandwidth
were near-perfectly suppressed, as the calculated results in Figure 6 show. Under this
setting, if the electrode-width of the IDTs is changed, the working frequency of the YABR
will be slightly shifted, but it will hardly affect the electromechanical coupling coefficient
and suppression of the spurious modes.
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Figure 6. Calculated admittance of the SM-YABR depending on different period (p) and electrode-width (Le) of the interdig-
ital transducers (IDTs). (a) p =2 £ 0.5 pm, Le = 500 nm; (b) p =2 + 0.1 um, Le = 500 nm; (c) p =2 pm, Le = 500 & 100 nm;
(d) p=2 um, Le =500 £ 50 nm.
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7. A Possible Manufacturing Process for the SM-YBAR

For our SM-YBAR, we propose a possible manufacturing process, as shown in Figure 7.
Similar processes have been experimentally verified in the literature [23,24]. The 200 nm
LiNbQOj single crystal film on the multilayer substrate can be prepared by the smart-cut
technology used in many advancing BAWRs. This proposed process avoids the direct
bonding of the LiNbOj film to the bottom electrode. Instead, the bottom electrode is
produced by depositing on the surface of the He+ implanted LiNbOj3.

(b) (c)

# damaged LN W bottom electrode ~ M/  Bragg reflector layers

B substrate /™" topelectrode M bonding layer

Figure 7. A possible manufacturing process for the SM-YBAR. (a) He+ (or H+) implantation in LiNbOs; (b) Bottom electrode
(Pt or Al) and Bragg reflector (5iO,, Al,O3 or Pt) multilayers deposition; (c) Bonding to a substrate. The substrate material
used in the article is Al;Os3. It can have many choices according to the convenience of bonding and will not affect the
device’s performance. (d) Thermal annealing to split the LiNbOj film; (e) Polishing; (f) Top electrode (Al) deposition and
lithographic processing to obtain the IDTs.

8. Impact of the Fabrication Process on the Performance of the SM-YABR

Due to errors in the actual manufacturing process, the actual geometric dimensions of
each part of the device will inevitably deviate from the designed size to a certain extent.
The geometric parameters that may deviate mainly include (1) thickness of the LiNbOj3
film, (2) thickness of the top and bottom electrodes, (3) thickness of the multilayers in the
Bragg reflector and (4) electrode-width of the IDTs.

We have investigated the device performance after these geometric parameters de-
viate from the design value, and the results are shown in Figure 8. Taking into account
(1) different processing techniques for different components of the device, and (2) technical
capabilities and production efficiency of the current industry, these deviations are set from
£2 nm to +50 nm. It can be seen that after these major processing errors are considered,
the proposed SM-YBAR still has a good performance. These errors may slightly affect the
YBAR’s resonant frequency but hardly affect its electromechanical coupling coefficient, and
will not introduce spurious modes into its working frequency band.
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Figure 8. Performance of the SM-YBAR after several main geometric parameters deviate from their design values. (a) The
thickness of the top electrode (Al, 50 & 2 nm); (b) Thickness of the LiNbOj film (200 &+ 5 nm); (c) Thickness of the bottom
electrode (Pt, 50 &= 2 nm); (d) Thickness of the SiO; layers in the Bragg reflector (174 & 20 nm); (e) Thickness of the Pt layers
in the Bragg reflector (60 £ 10 nm); (f) Electrode-width of the IDTs (500 + 50 nm).

9. Conclusions

For the realization of a microwave acoustic resonator with high frequency (greater than
5 GHz), large electromechanical coupling coefficient (larger than 50%), high device stability,
and simple preparation processing, this paper proposed a solid mounted longitudinally
excited shear wave resonator (i.e., SM-YBAR) on an x-cut LiNbQOj film. Based on 3D simu-
lations using the finite element method, by adopting a 200 nm LiNbOj5 film and electrodes
width of 500 nm, the SM-YBAR offers a resonance frequency exceeding 5 GHz and an
electromechanical coupling coefficient exceeding 50%. Compared with the previous YBAR
with a suspended structure, an SM-YABR naturally has a better stability. Additionally, its
processing is more convenient for avoiding the etching of LiNbOs, which is still a challenge
in the industry today. Even advantageously, an SM-YBAR effectively avoids the spurious
modes that are prone to appear in the suspended YABR. With the rapid development of
LiNbOj; thin-film technologies, we believe that the proposed SM-YBAR is promising for
advancing high-throughput radio frequency devices in mobile communications.

Author Contributions: Conceptualization, Z.-H.Q. and S.-Y.Y.; methodology, S.-M.W.; software,
Z.-H.Q., S-M.W. and Y.W,; investigation, S.-M.W. and S.-Y.Y.; resources, S.-Y.Y. and Y.-F.C.; data
curation, Z.-H.Q.; writing—original draft preparation, Z.-H.Q. and S.-Y.Y.; writing—review and
editing, S.-Y.Y,, K-EL., T.W. and Y.-EC,; supervision, S.-Y.Y. and Y.-F.C.; project administration, S.-Y.Y.;
All authors contributed extensively to the work presented in this paper. All authors have read and
agreed to the published version of the manuscript.

Funding: The work was jointly supported by the National Key R&D Program of China (Grant
Nos. 2017YFA0305100 and 2017YFA0303702) and the National Natural Science Foundation of
China (Grant Nos. 11890702, 51721001 and 61874073,). We also acknowledge the support of the
Fundamental Research Funds for Central Universities and Natural Science Foundation of Shanghai
(Grant No. 19ZR1477000).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no competing financial interests.



Micromachines 2021, 12, 1039 10 of 10

References

1.  Robert, A. SAW and BAW technologies for RF filter applications: A review of the relative strengths and weaknesses. In
Proceedings of the 2008 IEEE Ultrasonics Symposium, Beijing, China, 2-5 November 2008.

2. Gunilla, W,; Yantchev, V.; Katardjiev, I. Mass sensitivity of multilayer thin film resonant BAW sensors. Sens. Actuators A Phys.
2008, 148, 88-95.

3.  Anisimkim, V.I; Penza, M.; Valentini, A.; Quaranta, F; Vasanelli, L. Detection of combustible gases by means of a ZnO-on-Si
surface acoustic wave (SAW) delay line. Sens. Actuators B Chem. 1995, 23, 197-201. [CrossRef]

4. Shinpei, O.; Oshima, T.; Wad, K. A design method of matching circuits for a compact diplexer using SAW filters. In Proceedings
of the 2016 International Conference on Electronics Packaging (ICEP), Hokkaido, Japan, 20-22 April 2016.

5. Lu, R; Yang, Y,; Link, S.; Gong, S. Al resonators in 128° Y-cut lithium niobate with electromechanical coupling of 46.4%.
J. Microelectromech. Syst. 2020, 29, 313-319. [CrossRef]

6. Park, M.; Hao, Z,; Dargis, R.; Clark, A.; Ansari, A. Epitaxial aluminum scandium nitride super high frequency acoustic resonators.
J. Microelectromech. Syst. 2020, 29, 490—498. [CrossRef]

7. Ngoc, N.; Johannessen, A.; Hanke, U. Design of high-Q Thin Film Bulk Acoustic resonator using dual-mode reflection. In
Proceedings of the 2014 IEEE International Ultrasonics Symposium, Chicago, IL, USA, 3-6 September 2014.

8. Yu, H,;Pang, W,; Zhang, H.; Kim, E.S. Ultra temperature-stable bulk-acoustic-wave resonators with S5iO, compensation layer.
IEEE Trans. Ultrason. Ferroelectr. Freq. Control 2007, 54, 2102-2109. [CrossRef] [PubMed]

9.  Kohei, M,; Kadota, M.; Tanaka, S. High frequency thickness expansion mode bulk acoustic wave resonator using LN single crystal
thin plate. Jpn. J. Appl. Phys. 2020, 59, 036506.

10. Osugi, Y.; Yoshino, T.; Suzuki, K.; Hirai, T. Single crystal FBAR with LiNbO3; and LiTaO3 piezoelectric substance layers. In
Proceedings of the 2007 IEEE/MTT-S International Microwave Symposium, Honolulu, HI, USA, 3-8 June 2007.

11. Plessky, V.; Yandrapalli, S.; Turner, PJ.; Villanueva, L.G.; Koskela, ].; Hammond, R.B. 5 GHz laterally-excited bulk-wave resonators
(XBARs) based on thin platelets of lithium niobate. Electron. Lett. 2019, 55, 98-100. [CrossRef]

12.  Turner, PJ.; Garcia, B.; Yantchev, V.; Dyer, G.; Yandrapalli, S.; Villanueva, L.G.; Hammond, R.B.; Plessky, V. 5 GHz Band n79
wideband microacoustic filter using thin lithium niobate membrane. Electron. Lett. 2019, 55, 942-944. [CrossRef]

13.  Plessky, V.P; Koskela, J.; Yandrapalli, S. Crystalline Y-cut Lithium Niobate Layers for the Bulk Acoustic Wave Resonator (YBAR).
In Proceedings of the 2020 IEEE International Ultrasonics Symposium (IUS), Las Vegas, NV, USA, 7-11 September 2020.

14. Robert, T.; Aigner, R. Energy loss mechanisms in SMR-type BAW devices. In Proceedings of the IEEE MTT-S International
Microwave Symposium Digest, 2005, Long Beach, CA, USA, 17 June 2005.

15.  Michio, K,; Ishii, Y.; Tanaka, S. High Frequency Strip-Type Solidly-Mounted Shear Mode Bulk Wave Resonator Using X-LT. In
Proceedings of the 2020 IEEE International Ultrasonics Symposium (IUS), Las Vegas, NV, USA, 7-11 September 2020.

16. Tomoaki, Y.; Niizeki, N.; Toyoda, H. Piezoelectric and elastic properties of lithium niobate single crystals. Jpn. J. Appl. Phys.
1967, 6, 151.

17. Xuan, W.; Gao, F; He, X.; Wu, T; Chen, | ; Jin, H.; Dong, S.; Wang, X.; Luo, ]. Analytical Study of the Film Bulk Acoustic Resonators
Based on Single Crystal LiNbO3 with Different Crystal Orientations. Integr. Ferroelectr. 2021, 213, 182-193. [CrossRef]

18. Lu, R, Yang, Y,; Link, S.; Gong, S. Enabling higher order lamb wave acoustic devices with complementarily oriented piezoelectric
thin films. J. Microelectromech. Syst. 2020, 29, 1332-1346. [CrossRef]

19. Kim, HY;; Kim, K.B.; Cho, S.H.; Kim, Y.I. Analysis of resonance characteristics of Bragg reflector type film bulk acoustic resonator.
Surf. Coat. Technol. 2012, 211, 143-147. [CrossRef]

20. Bartzsch, H.; GI68, D.; Bocher, B.; Frach, P; Goedicke, K. Properties of SiO2 and Al203 films for electrical insulation applications
deposited by reactive pulse magnetron sputtering. Surf. Coat. Technol. 2003, 174, 774-778. [CrossRef]

21. Ogi, H,; Shagawa, T.; Nakamura, N.; Hirao, M.; Odaka, H.; Kihara, N. Elastic constant and Brillouin oscillations in sputtered
vitreous SiO2 thin films. Phys. Rev. B 2008, 78, 134204. [CrossRef]

22. Hsu, TH,; Tseng, K.J.; Li, M.H. Large Coupling Acoustic Wave Resonators Based on LiNbOj3/SiO, /Si Functional Substrate. IEEE
Electron Device Lett. 2020, 41, 1825-1828. [CrossRef]

23. Bai, X.; Shuai, Y.; Lv, L.; Huang, S.; Xing, Y.; Zhao, J.; Luo, W.; Wu, C,; Yang, T.; Zhang, W. Mo/Ti multilayer Bragg reflector for
LiNDbOs film bulk acoustic wave resonators. J. Appl. Phys. 2020, 128, 094503. [CrossRef]

24. Huang, S.; Luo, W,; Bai, X,; Lv, L.; Pan, X.; Shuai, Y.; Wu, C.; Zhang, W. A Solidly Mounted Resonator Fabricated by LiNbO3 Single

Crystalline Film on Flexible Polyimide Substrate. IEEE Trans. Ultrason. Ferroelectr. Freq. Control 2021, 68, 2585-2589. [CrossRef]


http://doi.org/10.1016/0925-4005(94)01273-K
http://doi.org/10.1109/JMEMS.2020.2982775
http://doi.org/10.1109/JMEMS.2020.3001233
http://doi.org/10.1109/TUFFC.2007.505
http://www.ncbi.nlm.nih.gov/pubmed/18019248
http://doi.org/10.1049/el.2018.7297
http://doi.org/10.1049/el.2019.1658
http://doi.org/10.1080/10584587.2020.1859837
http://doi.org/10.1109/JMEMS.2020.3007590
http://doi.org/10.1016/j.surfcoat.2011.10.032
http://doi.org/10.1016/S0257-8972(03)00384-0
http://doi.org/10.1103/PhysRevB.78.134204
http://doi.org/10.1109/LED.2020.3030797
http://doi.org/10.1063/5.0011954
http://doi.org/10.1109/TUFFC.2021.3066589

	Introduction 
	Crystal Cut and Orientation of the LiNbO3 Film 
	Thickness of the LiNbO3 Film 
	YBAR in Different Structures 
	3D simulation of the SM-YBAR 
	Performance of the SM-YBAR Depending on Different IDTs Design 
	A Possible Manufacturing Process for the SM-YBAR 
	Impact of the Fabrication Process on the Performance of the SM-YABR 
	Conclusions 
	References

