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Abstract— This work demonstrates a group of longitudinal
leaky surface acoustic wave (LL-SAW) resonators and fil-
ters using thin-film X-cut lithium niobate on silicon carbide
(LiNbO3/SiC). An improved design that exploits a nonstan-
dard reflector (NSR) structure to suppress the lateral overtone
spurious mode in the LL-SAW response is demonstrated. The
fabricated resonators show scalable resonant frequencies from
3.75 to 4.95 GHz, admittance ratios (ARs) between 56.0 and
64.1 dB, and large k? between 18.3% and 20%. The fabricated
filter with a center frequency of 4.84 GHz shows a minimum
insertion loss (IL) of 0.88 dB, an out-of-band rejection of 26 dB,
and a 3-dB bandwidth (BW) of 457 MHz, partially covering the
fifth-generation (5G) N79 band. The filter design tradeoff between
SH mode suppression and BW is also demonstrated. The results
herein show the great potential of LL-SAW technologies using
LiNbO;/SiC substrate for commercial applications in 5G new
radio (NR) and Wi-Fi 5/6 bands.
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I. INTRODUCTION

N THE past decade, significant effort has been devoted

to developing low-loss filters with larger bandwidths
(BWs) and higher frequencies in response to the techni-
cal requirements of radio frequency (RF) front-end wire-
less communication systems [1], [2]. The incumbent filter
technologies dominating the market are mainly based on
either surface acoustic wave (SAW) or bulk acoustic wave
(BAW) [3], [4], [5], [6], [7]. Nevertheless, the allocated fifth-
generation (5G) new radio (NR) and Wi-Fi 5/6 bands can end
up demanding a fractional BW as large as 24% above 3 GHz,
greatly challenging the capabilities of acoustic filters [8], [9].

The AIN-based BAW devices have been demonstrated to
scale the frequency up to 8 GHz [10], due to the thickness-
defined frequency. However, the relative BW is limited by the
moderate piezoelectric constant e33 of AIN [11]. As a com-
parison, the LiNbOs-based SAW devices inherently have the
capability to achieve a wider BW [12]. The major bottleneck
of SAW devices is the operating frequency, which is defined
by f, = v/A, where v is the phase velocity of the intended
acoustic mode and A is the wavelength. For conventional SAW
devices, the velocity of the generally utilized SH-SAW mode
is around 3500 m/s [13], [14], [15], indicating that f, cannot
exceed 3.5 GHz using the KrF lithography (248 nm) system.
Further reducing the width/height of interdigital transducers
(IDTs) electrodes is not a suitable method for mass production,
which induces higher losses and degraded power handling.
Longitudinal leaky SAW (LL-SAW) mode is a competitive
candidate to fulfill the requirement of 5G NR bands, which
features about 1.7 times higher velocity (~6000 m/s) than
that of SH-SAW mode and large electromechanical coupling
coefficient k,2 [16], [17], [18]. However, it is well known that
SH-SAW resonators as well as LL-SAW resonators based on
bulk LiNbOj3 or LiTaO3; show low quality factor (Q) due to
severe bulk wave radiation [19], [20]. Makkonen et al. [21]
demonstrated a 2.8-GHz LL-SAW filter on Y-cut LiNbOsj,
showing a high velocity of ~6100 m/s, but a large minimum
insertion loss (IL) of 2.3 dB and a rounded shape of the
passband.

In recent years, SAW devices based on heterogeneous
substrates have emerged as a promising technology and have
been commercialized (e.g., LH.P. SAW [22], [23]). Through
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bonding LiNbO;3; or LiTaOs; thin films on a high-velocity sub-
strate, resonators with boosted Q and k2 can be obtained due to
the acoustic waveguide effect [24], [25], [26], [27]. Up to now,
the aforementioned high-performance SAW devices mainly
focus on the SH-SAW mode, while the LL-SAW devices are
still rarely reported, which is due to the insufficient bulk wave
velocities of common substrate materials (e.g., Si, quartz, and
sapphire). While using a Bragg mirror as a supporting sub-
strate is an alternative [27], [28], [29], the device design and
fabrication process would become very complicated. There-
fore, the key to achieve high-performance LL-SAW devices is
to apply an extremely high-velocity supporting substrate, such
as SiC and diamond.

To explore the potential of the SAW technology
beyond 4 GHz, this work designs and demonstrates high-
performance LL-SAW devices on the thin-film X-cut lithium
niobate on silicon carbide (LiNbO3/SiC) substrate. The
LL-SAW resonators with optimized designs show high res-
onant frequency from 3.75 to 4.95 GHz, large admittance
ratios (ARs), and large k?. A group of N79 band filters is
demonstrated, showing flat passband, excellent BW, low IL,
and good out-of-band rejection.

The rest of this article is organized as follows. Section II
presents the design of LL-SAW resonators on the X-cut
LiNbO;/SiC platform. Section III presents the measured
results of the high-performance LL-SAW resonators and fil-
ters. Finally, the conclusion is stated in Section IV.

II. DEVICE DESIGN

In this section, the layered LL-SAW configurations are ana-
lyzed by using the finite element method (FEM). The critical
dimensions of the piezo-layer and electrodes are optimized to
achieve the resonator response with large k2, low loss, and
weak spurious modes simultaneously.

A. Basic Configurations of LL-SAW Resonators

First, we analyze the acoustic propagation characteristics
of the piezoelectric thin film without considering the sup-
porting substrates. The LL-SAW and SH-SAW correspond
to the SO mode and SHO mode in the piezoelectric thin
plate, respectively, which are distinguished according to their
dominant displacement components. Using the eigenmode
FEM analysis, the piezoelectric coupling factor K2 of SHO
and SO with different in-plane orientations (9) in the X-cut
LiNbOj thin plate is plotted in Fig. 1(a), which is calculated
as [30], [31]

K*= (vf—v,zn)/vrzn ey

where v, and v,, are the simulated velocities under the
electrically open and short conditions, respectively. Here, the
Euler angle in simulation is (—6, 90°, 90°), and the normalized
LiNbO3 thickness is 0.25. The mode shapes are also included
in the inset. When 6 is approximately 32°, the SO mode shows
a K2 larger than 30%, while the excitation of the SHO mode is
weak. v, in the material yz plane is plotted in Fig. 1(b). The
velocity of the SO mode is approximately 1.7 times higher
than that of the SHO mode, corresponding to 1.7 times the
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Fig. 1. Simulated (a) K 2 and (b) phase velocities of SHO and SO modes in

the yz plane of X-cut LiNbO3 thin plate. Schematic of an LL-SAW resonator
in the thin-film X-cut LiNbO3/SiC substrate. (c) Top view. (d) Side view.

operating frequency of the SHO mode under the same feature
size. The velocities of the shear bulk wave (SBW) in three
supporting substrates (i.e., SiC, sapphire, and Z-quartz) are
also plotted (dashed lines) [32], [33], [34], [35], which are
higher than that of SHO mode. When LiNbOj thin film is
bonded onto the abovementioned substrates to excite the SH-
SAW mode, a perfect acoustic waveguide in the piezo layer
can be obtained. Therefore, the bulk wave radiation is almost
suppressed due to the decoupling of the SH component and
the shear vertical (SV) component, leading to a significant Q
increase of the SH-SAW resonators [36], [37], [38]. In the
case of SO mode, only SiC exhibits sufficiently high velocity
to confine the acoustic energy of LL-SAW in the layered
substrate. Although diamond possesses a much higher shear
wave velocity (v; = 12823 m/s) than SiC, it suffers from
the high cost and small wafer size, limiting its industrial
application in the near future.

The schematic of a one-port LL-SAW resonator is shown
in Fig. 1(c) and (d). The resonator consists of IDTs on top
of the X-cut LiNbO; thin film, solidly mounted on the high-
velocity 4H-SiC substrate. Two grating reflectors are placed at
both lateral ends of the IDTs. The wavelength A is equal to
twice the IDT pitch here. The resonators are oriented at 40°
to +y-axis (6 = 40°) to maximize k,2 of the LL-SAW mode.

First, the FEM SAW simulation is conducted using periodic
2-D models to visualize the acoustic loss of the LL-SAW
resonator. A is set to be 1.6 um, and A, is set to be 100 nm.
The material loss is neglected in the simulation. The simulated
frequency responses of three SAW structures are presented
in Fig. 2. The corresponding mode shapes at the resonant
frequencies of the LL-SAW modes are also illustrated at the
right. The conductance is the real part of the admittance,
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Fig. 2. Simulated admittance and conductance curves of SAW resonators
for infinite periodic IDT on (a) bulk X-Y40° LiNbOs3, (b) 400-nm X-Y40°
LiNbOs/sapphire, and (c) 400-nm X-Y40° LiNbO3/SiC. At the right, the
corresponding mode shapes at the resonant frequencies of the LL-SAW modes
are illustrated.

and its magnitude indicates the acoustic loss caused by the
bulk wave radiation. The frequency where the conductance
suddenly drops from a finite value to zero is called the cutoff
frequency [39], [40]. The cutoff frequency is approximately
calculated as the ratio of the shear bulk wave velocity in the
substrate to A.

In the case of conventional SAW on bulk LiNbQOj3 substrate
[in Fig. 2(a)], the cutoff frequency is located near the response
of the SH-SAW mode, which is much lower than that of
the LL-SAW mode. Therefore, the SH-SAW exhibits a low
attenuation of 2 x 10~* dB/A, while the LL-SAW shows
a high attenuation of 1.5 dB/A. For the case of layered
SAW on LiNbOs/sapphire substrate [in Fig. 2(b)], the cutoff
frequency as well as the resonant frequency of both modes
significantly increase, and the lossless SH-SAW response is
obtained. Nevertheless, the attenuation of the LL-SAW mode
is still large (8. = 0.18 dB/A) due to the insufficient velocity
of the sapphire. When the supporting substrate is replaced by
SiC with a higher bulk wave velocity, the cutoff frequency
increases to 4.5 GHz, as shown in Fig. 2(c). This is above the
antiresonance of the LL-SAW. In addition, bulk wave radiation
patterns can be hardly seen in the mode shape, indicating the
negligible acoustic leakage for the LL-SAW resonator based
on LiNbO;3/SiC substrate.

B. Optimization of Resonator Structure

The relationship between the IDT size and the LiNbOj3
layer thickness has also been optimized. First, the LL-SAW
resonators with different normalized aluminum thicknesses
(ha/A) are simulated using periodic 2-D models [in Fig. 3(a)].
The thickness of the LiNbOj; layer is set to be 400 nm,
and A is set to be 1.6 um. The cutoff frequency is also
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Fig. 3. Simulated admittance curves of LL-SAW resonators for infinite

periodic IDT on X-Y40° LiNbO3/SiC with different (a) IDT thicknesses and
(b) wavelengths A (or A N/A).

marked. In the case of ha = 0.04A, despite the sharp
resonance, the antiresonance is above the cutoff frequency
due to the relatively slight mass loading, resulting in low
QO at the antiresonance. When h,; increases from 0.06A4 to
0.084, the antiresonances shift below the cutoff frequency
and show sharp responses, and k> of the LL-SAW resonators
decrease from 23.1% to 16.9%. Besides, the spurious SHI
mode is observed at the high-frequency side of LL-SAW mode
if IDT is relatively thick. In short, the normalized thickness of
aluminum between 0.06 and 0.08 is preferred when designing
an LL-SAW resonator on LiNbO5/SiC.

Next, the LL-SAW resonators with a fixed /4; of 0.065 but
different A (or normalized LiNbOs thickness, hin/A) are
simulated, as shown in Fig. 3(b). Due to the velocity disper-
sion characteristic of the LL-SAW mode, the relative cutoff
frequencies vary with hpn/A. The resonator with A n/A =
0.40 suffers from the strong SH1 spurious response, while the
resonator with A;n/A = 0.20 shows low Q at the antireso-
nance. Thus, the normalized LiNbO;3 thickness needs to be
between 0.25 and 0.33.

C. Spurious Mode Suppression

Following the above guideline, an LL-SAW resonator with
90 pairs of IDTs and ten pairs of reflectors on 400-nm X-Y40°
LiNbO3/SiC is simulated using 2-D FEM in Fig. 4(a). The
mechanical loss is assumed to be 1/2000. h;n/A is set to
be 0.267, and ha/A is set to be 0.067. Although the AR of
the LL-SAW is larger than 80 dB, there is a strong spurious
mode located between the resonance and the antiresonance,
leading to severe passband ripples in the filter response.
The stress distributions of the simulated LL-SAW at the
resonance, 4517 MHz, and at the antiresonance are presented
in Fig. 4(b)—(d). At the resonant frequency, the acoustic energy
is well confined in the LiNbOj layer, and the bulk wave
radiation in the substrate cannot be observed. In contrast, since
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Fig. 5. (a) Side view of the NSR configuration. The simulated responses
of LL-SAW resonators with different normalized A,. (b) Admittance,
(c) conductance, and (d) Bode-Q.

the antiresonant frequency is close to the cutoff frequency,
acoustic energy leaks partially into the substrate at both ends
of the IDT, leading to moderate Q at the antiresonance.
In Fig. 4(c), it can be noticed that the spurious mode is a
high-order overtone response formed in the vicinity of the
surface with metalized grating. The lateral overtone mode is
also generated at the high-frequency side of antiresonance in
the SH-SAW resonator [41], but it does not affect the passband
of the SH-SAW filter.

In order to suppress the generation of the lateral overtone
mode, the potential idea is to break the periodicity of the
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lation. (b) Simulated admittance curves of LL-SAW resonators with infinite
periodic IDT oriented at 40° and 55°.

metalized grating on the surface. As shown in Fig. 5(a), a novel
configuration, the period of reflectors (A4,) is lower than A,
is proposed, which is called nonstandard reflector (NSR). The
90-pair LL-SAW resonators with a fixed A of 1.5 um but
different A, are simulated. As shown in Fig. 5(b), the in-band
spurious mode is successfully suppressed while keeping the
resonant and antiresonant frequencies unchanged when the
NSR configuration is employed. The conductance curves of
the simulated resonators are plotted in Fig. 5(c). Compared
to the resonator with standard reflector (SR) configuration
(A, = A), the conductance of the resonators with NSR is higher
at some frequency ranges, indicating more acoustic leakage.
The Bode-Q curves are also plotted in Fig. 5(d). For the con-
ventional case, a wide high-Q frequency window lower than
the antiresonant frequency can be obtained. However, when A,
decreases, the Bode-Q curve shifts to a higher frequency, and
the high-Q frequency window becomes narrower. In brief, the
lateral overtone mode has been effectively suppressed at the
expense of the Q of resonators.

In addition to the in-band spurious mode, the out-of-band
spurious mode, especially at the lower frequency band, needs
to be mitigated for the coexistence with 4G LTE bands.
As analyzed in Section II-A, both LL-SAW and SH-SAW
modes are excited in X-cut LiNbO3, and an optimum in-plane
orientation can be obtained that k[2 of SH-SAW is minimized,
whereas k? of LL-SAW keeps large. According to the top-
view diagram in Fig. 6(a), the resonators oriented to Y-40°
and Y-55° with different A values are simulated using the
periodic model and shown in Fig. 6(b). When 6 is 40°, kt2
of LL-SAW modes reaches the maximum, but the SH-SAW
responses with high magnitudes are also generated. When 6
is 55°, the SH-SAW modes are significantly mitigated at the
expense of approximately a 4% reduction in k? of the LL-SAW
modes.

To sum up, in Section II, high-frequency spurious-free LL-
SAW resonators with large k> and high Q are designed using
X-cut LiNbO3/SiC. The optimized LL-SAW devices will be
experimentally demonstrated in Section III.
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III. EXPERIMENTAL RESULTS AND DISCUSSION
A. Fabrication Process and Measurements

A 4-in single-crystal LiNbO3/SiC heterogeneous substrate
was fabricated using the ion-slicing technology [42], [43].
First, helium ions (He*) were implanted into an X-cut LiNbO3
wafer to form a damaged layer below the surface of the wafer.
Subsequently, the implanted wafer was directly bonded to the
high-resistance 4H-SiC wafer. Then, the LiNbO; thin film
was split from the bulk wafer and transferred onto the SiC
wafer through the postannealing process. Finally, the thin-film
LiNbO3/SiC was thinned to 410 nm using the chemical-
mechanical polishing (CMP) process.

The devices were in-house fabricated. The device patterns
were prepared by electron-beam lithography (EBL), electron-
beam evaporation (EBE), and liftoff process. The thickness of
IDT electrodes is 100 nm, consisting of 5-nm Ti and 95-nm
Al. The fabricated devices were characterized by a Keysight
E5071C vector network analyzer with a 50-Q2 characteristic
impedance at room temperature in air.

B. LL-SAW Resonators

To validate the effectiveness of the NSR structure, the LL-
SAW resonators with 4, = A and A, = 0.951 are measured
and compared. Fig. 7(a) and (b) shows the scanning elec-
tron microscope images of an LL-SAW resonator with A of
1.4 pum. The pitch of IDTs is about 700 nm, while the pitch
of reflectors is about 665 nm (700 x 0.95 nm). The piston
electrode structure is adopted to suppress the transverse modes,
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Fig. 8. (a) Measured admittance curves of the fabricated LL-SAW res-

onators with different A’s. (b) Extracted AR and k2 of the resonators with
different A’s.

and thus, the metallization of the IDTs and reflectors is set to
be 30% to improve the effect of piston mode operation [44].

The measured and fit admittance responses of the resonators
with A of 1.25 and 1.60 pum are shown in Fig. 7(c) and (e),
respectively. The corresponding Bode-Q curves are shown
in Fig. 7(d) and (f). The resonators with conventional SR
configuration (black solid lines) exhibit strong spurious modes
near the antiresonances, consistent with the simulated results
shown in Fig. 4. By using the proposed NSR structure, the
lateral overtone modes are successfully suppressed and sharp
antiresonances are obtained.

The resonator with A of 1.25 um shows a high f, of
4.95 GHz, a large k,2 of 19.6%, and a fit Bode-Q,.x of 408.
The resonator with A of 1.60 wm shows f, of 4.08 GHz,
a large kt2 of 19.5%, and a fit Bode-Q.x of 480. As seen
from Fig. 7(d) and (f), despite the high Q of both LL-
SAW resonators, there are obvious (Q degradation regions
at the high-frequency side of the resonances, which are also
consistent with the previously simulated results.

Fig. 8(a) presents the admittance curves of LL-SAW res-
onators orientated at 40° with different A, showing the high
[ from 3.75 to 4.95 GHz, as well as the high phase velocities
from 6.19 to 6.75 km/s. Similarly, the NSR configuration
with A, = 0.951 is used to achieve the in-band spurious-
free responses. It is expected that the LL-SAW resonators are
enabled to exceed 6 GHz by using KrF lithography. The AR
and k,2 are extracted in Fig. 8(b). When A is smaller than
1.8 um, the LL-SAW resonators exhibit a high average k? of
19.6%. This is already larger than that of highly doped AIScN
BAW resonators reported in [45] and [46]. As A increases, the
AR first increases, reaches the maximum of 64.1 dB, and then
decreases. The upward trend may be related to the reduced
ohmic loss (i.e., Ry in the mBVD model [47]). However,
as analyzed in Section II-B, larger A corresponds to smaller
normalized LiNbO; thickness, leading to higher attenuation at
the antiresonance and decreased AR of resonators.
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Fig. 10. Topology of five-order ladder-type filters.
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The temperature stability of the LL-SAW resonator is also
investigated. The resonator with A of 1.55 um is tested in the
temperature range of 25 °C-85 °C, and the measured results
are shown in Fig. 9. The fit first-order temperature coefficients
of frequency (TCFs) at the resonance and antiresonance are
—35.15 ppm/°C and —39.65 ppm/°C, respectively. Through
adding a SiO, layer with the positive TCF between LiNbO;
thin film and SiC, the TCF of LL-SAW devices can be further
improved.

C. Ladder-Type Filters for N79 Band

Based on the measured results of LL-SAW resonators,
we attempt to design LL-SAW filters toward the 5G N79
band (4400-5000 MHz) application. The physical BW of
the N79 band is about 1.7 times the measured resonance-
to-antiresonance distance (~350 MHz) of the LL-SAW res-
onators. Thus, it is difficult to achieve high out-of-band
rejection while covering the full band for ladder-type filters
due to the design tradeoff between BW and out-of-band
rejection [48].

Filter-A and filter-B with the order of five are designed
to cover the partial N79 band, and their topology is shown
in Fig. 10 without external matching elements. The second
resonator in the series branch is split into three cascaded
resonators to improve power durability. The design parameters
of resonators in the filters are calculated under the guideline
introduced in [49] and [50] and listed in Table I.

Filter-A is oriented to Y-40° in the yz plane to maxi-
mize the BW. The wafer-probe measured responses of fab-
ricated filter-A and the corresponding resonators are shown in
Fig. 11(a). Filter-A shows a high f. of 4.84 GHz, a 3-dB BW
of 457 MHz, and a low minimum IL of 0.88 dB. To suppress
the SH-SAW mode while maintaining a large BW, filter-B is
oriented to Y-55°. Fig. 11(b) presents the measured results
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TABLE I
KEY DESIGN PARAMETERS OF RESONATORS IN FILTERS

T— | m R2 R3 R4 RS

Filter-A
Piezo-layer 410 nm X-Y40° LiNbO3
A (um) 1.292 1.432 1.274 1.432 1.292
Nipr 90 111 90 111 90
Aperture (X 1) 14 19 14.3 19 14
Filter-B
Piezo-layer 410 nm X-Y55° LiNbO3
A (um) 1.275 1.398 1.264 1.398 1.275
Nipr 92 117 90 117 92
Aperture (x 1) 15 20 16 20 15
(a) —R1 — R2 —Filter-A| [(p) —R1 — R2 —Filter-B
— A .
m
B2
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Fig. 11. Measured responses of (a) filter-A and (b) filter-B. (c) Comparison

of S21 responses of filter-A and filter-B over a wide frequency range.

of the filter-B, showing a high f, of 4.88 GHz, a 3-dB BW
of 408 MHz, and a low minimum IL of 0.96 dB. Since
the overtone mode is located near the antiresonance of the
resonator, the series resonators with higher frequencies in the
ladder-type filters adopt SR configuration rather than NSR
configuration to decrease the IL in the upper passband. The
S21 responses of filter-A and filter-B are compared over a
wide frequency range in Fig. 11(c). Both filters show the same
upper cutoff frequency, close out-of-band rejection (~26 dB),
and sharp roll-off. Although filter-B has a narrower passband
than filter-A, it exhibits spurious-free lower stopband response,
indicating the design tradeoff of LL-SAW filters.

D. Discussion

Finally, the comparison of the filter in this work with the
reported state-of-the-art acoustic-only filters is summarized in
Table II. The fabricated LL-SAW filter exhibits comprehensive
performance comparable to AIN-based BAW [7], [53] and
LiNbO3-based Lamb wave [51], [52] filters. Besides, the LL-
SAW technology has more simplified manufacturing process
and lower cost, and it would become a competitive solu-
tion for 5G NR bands. Although the SH-SAW technology
based on heterogeneous substrates [12], [25] naturally has the
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TABLE I
COMPARISONS OF HIGH-FREQUENCY ACOUSTIC-ONLY FILTERS

f ILmin  3-dBBW  OoB
Ref. platform Glz)  (@B)  (MHz)  (dB)
[51] A1l suspended LiNbO3 4.5 1.7 450 13
[52] Al suspended LiNbO3 4.75 1.0 600 30
7] SMR-BAW AIScN 525 10 230 40
53] FBAR AIScN 566 179 452 20
21] LL-SAW bulk LINbO; 28 23 1325 15
[54] LL-SAW LiNbOy/SiC 612 236 483 10
(2] SH-SAW LiNbOy/Ox/Si___ 3.67 __ 0.73 1080 9
[25] SH-SAW LiNbOy/SiC 262 1.06 330 177
This LL-SAW LINDOY/SIC 484 088 457 26
work

advantages of wideband capability and low IL, the operating
frequency is its major bottleneck. Compared to the LL-SAW
filter in our previous work [54], the filter in this work exhibits
a more balanced RF performance. Such progress is primarily
due to the improvements in the material quality of transferred
LiNbOj3 thin film and electrode layer. In addition, the structural
parameters of the resonator (in Section II) and the topology
of the filter are also optimized.

The Q and TCF of the demonstrated resonators are moder-
ate, and the magnitude of the SH1 spurious mode in Fig. 11(c)
is high. The SH1 mode can be suppressed by reducing the
thickness of LiNbO; (i.e., hin/A), but this will result in
higher IL at the upper side of passband. Thus, one future
work is to explore the potential of the LL-SAW devices on
LiNbO3/Si0,/SiC substrate. On the other hand, a better IDT
design is needed to simultaneously achieve high Q and in-
band spurious-free response.

IV. CONCLUSION

In summary, high-performance LL-SAW devices based on
X-cut LiNbOs3/SiC have been demonstrated in this article.
The designed structure of the LL-SAW resonator has been
optimized by the simulation to simultaneously achieve the
high ktz, the low attenuation, and the weak spurious modes.
In particular, a novel NSR structure has been applied to
eliminate the lateral overtone mode in LL-SAW resonators.
The fabricated resonators show high resonant frequencies from
3.75 to 495 GHz, large AR between 56.0 and 64.1 dB,
and large k> between 18.3% and 20%. The extracted TCF
at 4.19 GHz is —35.15 ppm/°C. The fabricated LL-SAW
filter centered at 4.84 GHz shows a low minimum IL of
0.88 dB and a 3-dB BW of 457 MHz, partially covering
the N79 band. These results show the great potential of LL-
SAW technology based on the X-cut LiNbO3/SiC platform to
address the challenges of RF filters for 5G NR and Wi-Fi 5/6
bands.
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