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Abstract—This work proposes a zero-th shear horizontal (SH0) 

plate acoustic wave (PAW) resonator based on 36° Y-cut lithium 

tantalate (LT) / silicon dioxide (SiO2) thin film. By using multi-

physics finite-element-analysis (FEA) simulations, the rotation 

angle of LT and the layer thicknesses are optimized for obtaining 

large effective electromechanical coupling coefficient (k2
eff) and 

low temperature coefficient of frequency (TCF). The fabricated 

resonators yield a k2
eff of 11.8% and a Bode-Qmax of 1795. 

Moreover, the measured temperature coefficient of frequency at 

anti-resonant frequency (TCFfp) is -4.9 ppm/°C, indicating that a 

near-zero TCF is realized in this study. The demonstrated 

resonators are promising for low loss and temperature-stable 

acoustic devices in wireless communication system. 

Keywords—acoustic resonators; shear horizontal; lithium 

tantalate; plate waves; temperature coefficient of frequency.  

I. INTRODUCTION

With the rapid popularization of the communication

technology, there has been increased attention paid to the high-

performance acoustic devices for on-chip filters [1]-[3]. 

Currently, surface acoustic wave (SAW) and bulk acoustic 

wave (BAW) technology have dominated the main market for 

radio frequency front-end (RFFE) filters. SAW resonators 

using bulk Lithium Niobate (LN) or Lithium Tantalate (LT) 

monocrystalline substrates have a low manufacturing cost, and 

the frequency is defined by electrode width [4], [5]. However, 

there are limited frequency scaling capability due to finite 

lithography resolution. BAW resonators such as using 

Aluminum nitride (AlN) can reach extremely high frequency 

because of high acoustic velocity [6], [7]. But the frequency is 

determined by the thickness of the piezoelectric layer, and the 

manufacturing process is relatively complicated.  

As an alternative solution, LN-based thin film plate wave 

resonators employing either the symmetric/asymmetric Lamb 

modes (S0, S1, A0, A1, …) or the Shear-Horizontal modes (SH0, 

SH1, …) have emerged as a promising technology, as they can 

yield ultra-high electromechanical coupling coefficient [8]-

[13]. M. Kadota demonstrated a first-order antisymmetric mode 

(A1) mode resonator using a 395 nm Z-cut LN plate at 5.4 GHz, 

while the obtained Q was not high enough [10]. V. Plessky 

proposed a laterally-excited bulk-wave resonator (XBAR) 

using a Z-cut monocrystalline LN film with improved k2
eff

 and 

Q [12]. The temperature coefficient of frequency (TCF) of the 

LN-based thin film resonator is commonly poor, since LN 

material possess a negative temperature coefficient. Recently, 

S. Tanaka proposed a high frequency SH1 mode plate wave

resonator on 63° Y-cut LT thin film [14]. The measured TCFs

were from −67 ppm/°C to −38 ppm/°C that need to be improved

further.  To meet the challenge, a 0-th shear horizontal plate

acoustic wave (SH0-PAW) resonator using 36° Y-cut LT/SiO2

film is proposed in this work, where the SiO2 film is designed

to improve the temperature stability of the devices.

II. DESIGN AND SIMULATIONS 

Fig. 1(a) and (b) illustrates a schematic overview of the

proposed SH0-PAW resonator, including an IDT and two 

grating reflectors (GRs), a single crystal Y-cut LT thin film, a 

SiO2 layer, and a supporting substrate. The IDT is placed in the 

middle of the resonator, and the GRs are placed on both sides 

of the IDT to ensure the wave reflection condition. There are 

two kinds of plate waves, the Lamb wave (S0, A0, S1, A1, …) or 

plate shear wave (SH0, SH1, …). Among all the plate modes, 

SH0 mode presents a superiority of interdigital-transducer (IDT) 

in frequency definition due to slow dispersion [15]. The 

suspended plate structure prevents acoustic energy leakage. In 

simulations, the aperture (W) of IDT is set to 0.1λ, and the width 

(a) and pitch (p) of the electrode finger are set to λ/4 and λ/2,

respectively. The value of p determines the acoustic wave

wavelength (λ = 2p) and the resonant frequency, shown as

follows,
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where v0 represents the phase acoustic velocity with short-

circuited electrodes. The rotation angle (θ) of LT is obtained by 

setting ZXZ Euler angles (0, 90 − θ°, 0). Periodic boundary 

conditions in propagation direction (x-direction) and shear 

horizontal direction (y-direction) are imposed to reduce the 

computation complexity. The k2
eff of the resonator is calculated 

by the series-resonant frequency (fs) and parallel-resonant 

frequency (fp), shown as follows [16], 
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and the phase acoustic velocity (vp) is calculated using the 

following formula: vp = fpλ. 

In this work, a zero-th shear horizontal mode plate acoustic 

waves (SH0-PAW) resonator using 36° YX-LT/SiO2 thin film is 

proposed, where the SiO2 layer with positive temperature 

coefficient is served as temperature compensation function. The 

displacements of SH0 mode vibration using finite-element-

analysis (FEA) method are shown in Fig. 1(c). It can be found 

that the vibration mainly focuses in shear horizontal direction 

(y), indicating that the SH0 mode is y-direction polarization.  

In Fig. 2, it shows the calculated k2
eff and phase acoustic 

velocity (vp) of resonators with different LT rotation angles. 

When the θ is around 30°, there are a k2
eff and a high vp. In this 

study, 36° is selected as the design value. In the case of θ = 36°, 

the thicknesses of LT layer and SiO2 layer (hLT and hSiO2) are 

optimized, and the contour map of k2
eff is shown in Fig. 3. When 

the hLT and hSiO2 are between 0.1λ and 0.4λ, it presents a large 

k2
eff. To analyze the temperature stability of the resonators with 

different layer thicknesses, the temperature coefficients of 

frequency at series resonant frequency (TCFfs) and parallel 

resonant frequency (TCFfp) are calculated, listed in TABLE I. 

When the hLT and hSiO2 are 0.2λ, the TCFfp is near-zero about 

Fig. 1.  (a) Diagram of 0-th shear horizontal plate acoustic waves (SH0-PAWs) 

resonators. (b) Simulated displacement distribution of lateral excited SH0

mode. 

Fig. 2.  (a) k2
eff and (b) vp vary with the rotation angles of LiTaO3 thin film. 

When the θ is around 30°, there are a k2
eff and a high vp. In this study, 36° is 

selected as the design value of the rotation angles. 

36°

C
o
u

p
li

n
g

 c
o

e
ff

ic
ie

n
t,

  
k

2
e
ff

 (
%

)

Rotation angle of thin LiTaO3, θ (°)

0 30 60 90 120 150 180

3200

3300

3400

3500

3600

3700

3800

3900

Design range

36°
Rotation angle of thin LiTaO3, θ (°)

P
h

a
se

 v
el

o
c
it

y
, 
v

p
(m

/s
)

(b)

(high vp)

(a)

(large k2
eff)

Fig. 3.  The contour map of k2
eff varies with different hLT/λ and hSiO2/λ when 

the rotation angle of LT is 36°. It can be found that there is a large k2
eff when 

the hLT and hSiO2 are between 0.1λ and 0.4λ. 



TABLE I.  THE CALCULATED TCFFP  OF THE RSONATORS (PPM/°C) 

hLT = 0.1λ hLT = 0.2λ hLT = 0.3λ hLT = 0.4λ 

hSiO2 = 0.1λ -9.7 -24.2 / / 

hSiO2 = 0.2λ 9.7 -3.3 -20.3 -25.1 

hSiO2 = 0.3λ / 4.2 -4.6 / 

hSiO2 = 0.4λ / 17.2 / 10.2 

-3.3 ppm/°C. Thus, the thicknesses of LT layer and SiO2 layer

are designed as 0.2λ.

III. FABRICATION AND MEASUREMENT RESULTS

The proposed resonators are manufactured by using smart-

cut technology, including ions implantation, wafer bonding, 

lift-off, and back etching, as shown in Fig. 4. Firstly, Helium 

ions (He+) was implanted into a single crystal LN wafer, and 

then the LN wafer was bonded to a thermally oxidized Si 

substrate. Secondly, the bonded wafer is patterned by 

ultraviolet lithography, and the Aluminum (Al) and Titanium 

(Ti) metals were evaporated on the top of the wafer. Thirdly, 

the electrode fingers were formed by using lift-off process. 

Finally, the Si substrate on the back was removed 

by inductively coupled plasmas (ICP) etching using Bosch 

process.  

The S-parameters of the fabricated devices are measured by 

a GSG probe and a vector network analyzer. Using a scanning 

electron microscope (SEM), the top electrodes and the bottom 

Fig. 4.  Fabrication process. (a) A single crystal LN wafer implanted by He

ions (He+) is bonded to a thermally oxidized Si substrate. (b) The thick LN 

substrates are separated after being placed in the annealing furnace. (c) The 

electrodes are formed using lift-off process. (d) Si substrates are removed by 

ICP back etching from the bottom. 
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Fig. 5.  SEM images of fabricated PAWs resonators. (a) Topography of the 

top electrodes. (b) Air cavities of the fabricated resonators from the bottom 

view. 

Fig. 6.  (a) Measured admittance/conductance responses of SH0 PAWs 

resonators. (b) Measured Bode-Q curve of resonators. 
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cavities of resonators are observed, as shown in Fig. 5. It can be 

found that the morphology of the electrodes is visibly clear, and 

the perpendicularity of the cavities is excellent. 

Then, the measurement results of the resonators are 

analyzed. The k2
eff and Bode-Q are extracted, shown in Fig. 6. 

The Bode-Q is defined as follows [17]: 
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where f represents the frequency, and
11

( )Sτ represents the 

group delay of S11. It shows that the fabricated resonators yield 

a k2
eff of 11.8%, a Bode-Qmax of 1795, and a figure of merit 

(FoM = k2
eff·Bode-Qmax) of 212, which is higher than most 

PAW resonators.  

Moreover, the TCFs of the resonators are measured at 

different temperature condition, shown in Fig. 7. The measured 

TCFfs and TCFfp are 34 ppm/°C and -4.9 ppm/°C, respectively. 

Simulation and measurement results verified a near-zero TCFfp 

of LT-based PAW resonator, suggesting that the proposed 

resonator has an excellent temperature stability at parallel-

resonant frequency. The TCFfp is one of the very important 

parameters which determines the robustness of the device’s 

frequency at different temperature environment. 

IV. CONCLUSIONS

In this paper, a SH0-PAW resonator using 36° YX-LT/SiO2

thin film is designed and fabricated. For improving k2
eff and 

TCF of the resonators, the rotation angle of LT is designed as 

36°, and both the thicknesses of LT layer and SiO2 layer are 

optimized as 0.2λ. The measurement results of fabricated 

resonators show a k2
eff of 11.8%, a Bode-Qmax of 1795, and a 

TCFfp of – 4.9 ppm/°C. The proposed resonators show a 

relatively large k2
eff, a high Q and a near-zero TCFfp, providing 

an effective solution for designing high-performance and 

CMOS-compatible acoustic filters and oscillators. Reducing 

the gap between TCFfs and TCFfp of the resonators will be one 

of our next works.    
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