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Abstract—This paper reports the lamb wave resonator based 

on co-sputtered Al0.78Sc0.22N thin film. High-quality Al0.78Sc0.22N 

thin film with a 1.8° FWHM of (0002) polarization is achieved 

by magnetron co-sputtering. The process of Inductively 

Coupled Plasma (ICP) etching is discussed. Optimized ICP 

etching recipe is characterized to achieve relatively vertical 

etching profile. The device structure is optimized to improve the 

quality factor utilizing finite element analysis (FEA) based on 

perfectly matched layer (PML) in COMSOL Multiphysics®. 

Al0.78Sc0.22N lamb wave resonators operating at around 300 

MHz are fabricated. A resonator with electromechanical 

coupling coefficient (kt
2) over 5% and loaded quality factor (Q) 

of 1219 is obtained, which exhibits a figure of Merit (FOM) of 

63.88.  
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I. INTRODUCTION  

Piezoelectric Microelectromechanical System (MEMS) 
has attracted much attention in wireless communications[1]–
[3]. In the past few decades, a wide variety of piezoelectric 
materials have been investigated, such as Aluminum Nitride 
(AlN)[4], [5],  Lithium Niobate (LN)[6], [7], Zinc Oxide 
(ZnO)[8], [9], Gallium Arsenide (GaAs)[10], and Lead 
Zirconate Titanate (PZT)[8], [11]. Solidly mounted resonators 
(SMR) and thin-film bulk acoustic resonators (FBAR) have 
been successfully employed in Radio Frequency (RF) 
applications utilizing a CMOS compatible sputtering 
process[12]. AlN-based FBAR is famous for its high 
electromechanical coupling coefficient and quality factor[12]. 
However, it is challenging to achieve multi-frequency 
tunability in one chip. Thanks to its chip-scale multiple 
operating frequencies by lithographically defined 
interdigitated electrode pitches, AlN-based lamb wave 
resonator (LWR) have been reported as one of the most 
promising approaches to achieving multi-band application in 
5G communication[1], [13], [14].  

Recently, Aluminum Scandium Nitride (AlScN) thin film 
has become one of the promising methods for boosting the 
electromechanical coefficient of resonators[15]–[17]. In Sc-
doped AlN thin film, some concentrations of aluminum atoms 
are replaced by scandium atoms. The volume of the scandium 
atom is larger than the aluminum atom, which contributes to a 
larger Sc-N-Al bond angle and length[18]. Such optimized 
lattice structure results in improving the piezoelectric 
coefficient, especially d33 and d31 piezoelectric coefficients. 
However, the deposition and etching of high concentration 
AlScN thin film are two challenging processes. The poor film 
quality and non-vertical etching profile result in limited 
electromechanical coefficient and quality factor of the device. 

In this work, Al0.78Sc0.22N-based 1-port lamb wave 
resonator is demonstrated. The Al0.78Sc0.22N thin film with a  
1.8° FWHM of  (0002) polarization is obtained by the 
magnetron sputtering process. Inductively Coupled Plasma 
(ICP) etching optimization process is discussed. An optimized 
etching recipe with a high etching rate of over 120 nm/min 
and a vertical etching boundary of 77° is achieved. Finally, a 
high-performance Al0.78Sc0.22N lamb wave resonator with 
floating metal is fabricated and characterized, yielding a kt

2 of 
5.24% and Qloaded of 1219. 

II. FABRICATION 

A. Al0.78Sc0.22N thin film co-sputtering 

500 nm (0002) polar Al0.78Sc0.22N thin film is grown on the 
high-resistive silicon wafer using EVATEC CLN200 co-
sputtering system. Compared to the AlScN sputtering with 
single alloy target, co-sputtering takes advantage of tuning the 
power ratio of scandium and aluminum target to achieve 

 
Fig. 1. (a)AFM height image of Al0.78Sc0.22N surface. (b) 

rocking curve of Al0.78Sc0.22N thin film by X-ray diffraction. 
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different concentrations in Al1-xScxN thin film. The deposition 
temperature is set to 350 ℃. The atomic focus microscope 
(AFM) height image is illustrated in Fig. 1(a). The root-mean-
square (RMS) value is 1.436 nm. As shown in Fig. 1(b), the 
full-width-at-half-maximum (FWHM) of rocking curve is 
1.8°.  

B. Al0.78Sc0.22N thin film ICP etching 

The co-sputtered Al0.78Sc0.22N thin film is etched by 
Cl2/BCl3/N2 mixed gas[19]. Compared to the pure AlN film, 
the etch rate and selectivity of Al0.78Sc0.22N film usually drop 
significantly using a recipe without optimization. The 
optimization of RF power in ICP etching is delivered in Fig. 
2. RF power can control the energy plasma bombarding to the 
sample. During the etching process, ScCl3 non-volatile 
byproduct will cover the etching surface, which contributes to 
a low etch rate. RF power is increased to both increase the 
possibility of Sc-N and Al-N bond-breaking by chemical 
reaction, and enhance the physical bombardment by increase 
the energy of BCl3/N2 then remove the ScCl3 from surface. 
According to these two aspects, the etch rate increases. The 
higher RF power also results in a more vertical sidewall, due 
to the directionality of the etchants. When RF power is 
increased from 250 W to 350 W, etch rate, selectivity, and 
profile are developed effectively. Over 120 nm/min etch rate, 
77° etch profile and nearly 1:1 selectivity are achieved 
utilizing optimized ICP etching recipe. 

C. Al0.78Sc0.22N lamb wave resonators 

The lamb wave resonators are fabricated through a three-
mask process on a high-resistive silicon wafer[2]. First, 10 nm 
Ti/ 100 nm Pt is deposited utilizing physical vapor deposition 
(PVD) and then patterned as bottom floating electrode via lift-
off process. Then, 500 nm Al0.78Sc0.22N thin film is deposited 
by a co-sputtering process. 2 μm SiO2 is deposited by plasma 
enhanced chemical vapor deposition (PECVD) and patterned 
as a hard mask. Then, The ICP etching of Al0.78Sc0.22N is used 
to define the boundary of resonators. Next, 200 nm aluminum 
layer is patterned as top interdigital electrodes (IDT). Finally, 
the Al0.78Sc0.22N lamb wave resonators are released by XeF2. 

III. RESULTS AND DISCUSSIONS 

The simulated admittance response and quality factor is 
obtained utilizing 3D perfectly matched layer (PML) based 
finite element analysis (FEA) simulation in COMSOL 
Multiphysics®. The material constants of Al0.78Sc0.22N used in 

the simulation is calculated and shown in Table I. The design 
of the anchor dimension is vital to the lamb wave resonator. 
The appropriate design can effectively reduce the anchor loss 
and improve the quality factor of resonators. Fig. 3 (a) shows 
the displacement fields of Al0.78Sc0.22N lamb wave resonator 
with an anchor length of 23 μm operating at S0 mode. 
According to the displacement fields, most energy is confined 
in the main vibration region, and a few acoustic wave is leaked 
into Al0.78Sc0.22N plate through the anchor. Fig. 3 (b) illustrates 
the simulated admittance response and quality factor of  
Al0.78Sc0.22N lamb wave resonator with three different anchor 
designs. The best performance is found for the anchor with a 
length of 23 μm, the quality factor exceeds 3496, which is 54 % 
higher compared to the lamb wave resonators with an anchor 
length equal to 28 μm. According to the abovementioned 
theoretical analysis, our Al0.78Sc0.22N lamb wave resonator is 
designed with an anchor length equal to 23 μm. 

According to the fabrication process discussed in Section 
Ⅱ, the Al0.78Sc0.22N lamb wave resonator with an anchor length 
of 23 μm is fabricated. The admittance spectra of resonator 
measured by Keysight® PNA-L N5234B network analyzer is 
shown in Fig. 4. Insert optical picture shows the device 

 
Fig. 2. ICP etch rate, selectivity and profile versus the RF 

power.  
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TABLE I.  MATERIAL CONSTANTS OF AL0.78SC0.22N 

e15 (C/m2) -0.3104 C11 (GPa) 317 

e31 (C/m2) -0.4992 C12 (GPa) 131 

e33 (C/m2) 1.9158 C13 (GPa) 115 

C33 (GPa) 250 C44 (GPa) 99 

 

 
Fig. 3. (a) Simulated displacement fields of S0 mode 

Al0.78Sc0.22N lamb wave resonator with anchor length equal to 

23 μm. (b) Simulated admittance response and Q value of 

Al0.78Sc0.22N lamb wave resonator with different anchor 

designs. 
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structure with 3-pair electrodes. The Al0.78Sc0.22N lamb wave 
resonator operates at around 300 MHz, yielding a kt

2 of 5.24% 
and Qloaded of 1219. The admittance response of resonator is 
fitted by the modified Butterworth-Van Dyke (mBVD) model. 
The extracted electric parameters are listed in Fig. 4, where 
Cm, Lm, Rm are the motional capacitance, inductance, and 
resistance of resonators, respectively, and Rs is the loaded 
resistance in series, C0 and R0 are the static capacitance and 
resistance of the resonator, respectively. The electro-
mechanical coefficient is measured by (1), and loaded quality 
factor is characterized by (2).  

Where fr and fa are the resonant and anti-resonant 
frequencies, respectively. f3dB is the 3 dB bandwidth of 
resonant frequency. The resonant frequency of AlN lamb 
wave resonator with the same dimension of piezoelectric film 
and electrodes is about 380 MHz. in other words, the phase 
velocity of S0 mode with the pitch of 24 μm is decreased from 
9000 m/s to 8000 m/s when the piezoelectric layer changes 
from pure AlN to Al0.78Sc0.22N. Such reduction in phase 
velocity is appeared by the softening in stiffness coefficient.  

IV. CONCLUSION 

In this paper, we report a 1-port Al0.78Sc0.22N lamb wave 
resonator. The high-quality Al0.78Sc0.22N thin film is obtained 
utilizing magnetron co-sputtering process with FWHM of 1.8°. 
The characterization of ICP etching process is discussed.  The 
etch rate of 120 nm/min and etch profile of 77° are achieved 
using an optimized etching recipe. This work shows a high kt

2 
of 5.24%, which is 2× higher than the lamb wave resonator 
with pure AlN thin film. The Qloaded of 1219 is also obtained 
by design the dimension of the anchor to reduce energy loss. 
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Fig. 4. Measured admittance response of Al0.78Sc0.22N lamb 

wave resonator with anchor length of 23 μm. 
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