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Abstract— Although it was considered to be impractical to 

apply surface acoustic wave (SAW) filters in the super high 

frequency (SHF) range, a technology recently revealed that use of 

a thin piezoelectric crystal plate may recreate an impression of the 

past. This paper describes acoustic wave devices comprising the 

thin piezoelectric crystal plate, interdigital transducers placed on 

the plate, and an acoustic mirror bonded on a silicon substrate. 

First, it is theoretically and experimentally shown how the acoustic 

energy can be confined in the top surface even though longitudinal 

leaky SAW (LLSAW) is utilized. Then it is shown how the 

proposed structure is promising for the SHF range filters in 

mobile terminals upcoming next generation wireless access 

technology through comparing with the incredible high 

performance SAW (I.H.P. SAW) and a high velocity A1 Lamb 

wave resonator. 

Keywords— bulk acoustic wave (BAW), filter, Lamb wave, 

resonator, surface acoustic wave (SAW). 

I. INTRODUCTION 

Data traffic of wireless communication system has been 

increasing [1], and a sophisticated new generation of mobile 

communication system has introduced to address the increase 

of traffic demands roughly every ten years. Higher and wider 

frequencies have been assigned for the system as generations 

go by [2]. Therefore, it is natural that surface acoustic wave 

(SAW) and bulk acoustic wave (BAW) devices in handsets are 

strongly requested to support such higher and wider frequency 

spectrum bands. 

 In reference to the SAW filters, a driving frequency f0 of the 

SAW filter is given by 

f
0

 ≈ 
V


                                         (1) 

where V is a phase velocity and is a wavelength of the 

SAW. Technique of shrinking interdigital transducers (IDT) 

has been conventionally applied for realizing desired high 

frequencies to the SAW devices. However, producing much 

narrower electrodes and gaps of the IDT requires more 

sophisticated lithography systems such as an ArF excimer laser 

(wavelength: 193 nm) that overwhelms an i-line (wavelength: 

365 nm) and a KrF excimer laser (wavelength: 248 nm) that are 

currently used in the SAW mass production. Introduction of the 

new equipment may cause increase of fabrication costs.  

Equation (1) suggests another approach to use of high 

velocity SAW modes for obtaining a high f0. A lot of high 

velocity SAW modes have been reported. For example, uses of 

the second mode called the Sezawa mode [3] with multi layered 

structures comprising high velocity materials such as sapphire, 

diamond and 6H-SiC and piezoelectric thin films such as ZnO 

and AlN [4-10]. 

High frequency filters are realizable owing to their large 

phase velocities, however, their electromechanical coupling 

factor k2 are smaller than those of leaky SAWs on 36-48°Y  cut 

LiTaO3 (LT) substrates and temperature compensated Rayleigh 

SAWs on LiNbO3 (LN) substrates; they are called 42LT and 

TC-SAW, respectively, that have been widely used for mobile 

terminals.  

Another suggestion is use of longitudinal leaky SAW 

(LLSAW) modes travelling on LT, LN and Li2B4O7 substrates 

and having larger phase velocities than those of share horizontal 

(SH) and share vertical (SV) modes on the substrates [11-15]. 

Among this group, the LLSAW travelling on an X cut LN 

substrate provides larger k2 than those of the 42LT and TC-

SAW. However, previously reported propagation losses of the 

LLSAW are much larger than those of the conventional SAWs. 

To make matters worse, their temperature coefficient of 

frequency (TCF) are also relatively worse compared to the 

conventional ones. Many studies have been attempted to 

improve characteristics of the LLSAW devices, nevertheless, 

achieved performances were limited, accordingly, the LLSAW 

modes have not been used for SAW devices in mobile handsets. 

 Recently, multilayered structure using a single crystal 

piezoelectric thin plate has been paid attention as a 

breakthrough technology in the present SAW devices. Takai et 

al. demonstrated that extremely low-loss and low TCF SAW 

devices, they named it incredible high performance SAW 

(I.H.P. SAW), at 1.9 and 2.45 GHz by using a rotated Y cut LT 

thin crystal plate bonded on a silicon substrate [16,17]. After 

that, similar concepts have been also emerged by several 

authors [18-24]. 

The technology called I.H.P. SAW is capable to solve the 

problems of insertion losses and TCFs of the SAW devices 

which have been thought to be intrinsic disadvantage of the 

conventional SAW devices against BAW devices. However, 

even though the promising performances, since the use of the 
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rotated Y cut LT thin crystal plates and their SH modes restricts 

their k2 and V, it may be difficult to meet filter requirements for 

higher frequencies with wider bandwidths in the upcoming next 

generation of mobile communication systems. 

The authors reported a composite substrate comprising an 

X cut LN thin crystal plate and an acoustic mirror on a handle 

substrate to improve characteristics of the LLSAW that is 

known as relatively large k2 and V but large propagation loss 

and TCF [25]. 

This paper reviews the suggested LLSAW device structure. 

First, it is shown theoretically that how the acoustic wave 

energy is well confined in the vicinity of the top surface. Next, 

it is shown that the effect of the acoustic mirror by observation 

of the LLSAW vibration with a laser probe system. After that, 

the performances of fabricated 3.5 and 5 GHz 1-port LLSAW 

resonators on the structure are described.  Finally, they are 

compared and discussed with the I.H.P. SAW and an A1 mode 

Lamb wave devices which both use piezoelectric thin crystal 

plates. 

II. THEORETICAL RESULTS AND DISCUSSION 

At the beginning, a multilayered structure substrate is 
discussed. It consists of IDT, a single crystal thin piezoelectric 
plate, energy confinement layer(s) and a handle substrate as 
shown in Fig. 1. The structure enables good acoustic energy 
confinement in the vicinity of the top surface, thus acoustic 
waves in the thin piezoelectric plate behave like plate modes. In 
this paper, we classify these acoustic waves traveling on the 
multilayered substrates as the SAW group, because overall 
structure of the devices is not a free standing thin plate but the 
composite substrates whose thickness is much greater than the 
wavelength of the travelling acoustic waves in the thin crystal 
piezoelectric plate. 

A. Application of I.H.P. SAW technique to the LLSAW 

In this part, application of the I.H.P. SAW technique to the 

LLSAW is discussed. Fig. 2 shows a variation of the I.H.P. 

SAW device structure composed of the IDT, the thin 

piezoelectric plate, an SiO2 layer as a temperature 

compensation portion bonded on a silicon substrate which 

works as a high velocity handle substrate. As described in [16], 

when a rotated Y cut LT is used for the piezoelectric plate and 

the silicon is used for the high velocity handle substrate, the 

structure makes it possible to trap the acoustic energy in the 

vicinity of the layered substrate, because the velocities of the 

SH type bulk acoustic waves traveling in the silicon substrate 

is larger than that of an SH wave propagating in the thin LT 

plate. In addition, when the SiO2 film is utilized as the optional 

layer, its TCF can be improved. 
 Let us consider the same configuration as shown in Fig. 2, 

where an X cut 40°Y LN is applied to the piezoelectric plate 
instead of the rotated Y cut LT. In this case, the LLSAW can be 
excited by the IDT. Several materials are examined as the high 
velocity handle substrates.   

 
 

Fig. 2.  A variation of the I.H.P. SAW device structure. 
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Fig. 1.  Conceptual device structure discussed in this paper. 
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Fig. 3.  Simulated impedance curves of 1-port LLSAW resonators using 

the I.H.P. SAW device structure shown in Fig. 2.  

(a) AlN, (b) Si(100), (c) R-plane sapphire, (d) 6H-SiC and (e) diamond 
substrates are chosen for the high velocity handle substrates. (f) represents 

an impedance curve of the traditional LLSAW propagating on the X cut 

40°Y LN substrate as a reference. 
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Fig. 3 shows simulated impedance curves of 1-port LLSAW 

resonators when thicknesses of the X cut 40°Y  LN and SiO2 

layers are set at 0.2 and 0.15respectively, and either (a) AlN, 

(b) Si(100), (c) R-plane sapphire, (d) 6H-SiC or (e) diamond is 

chosen for the high velocity handle substrate. In addition, the 

characteristic of the traditional LLSAW on the X cut 40°Y LN 

substrate case (f) is also shown in Fig. 3 as a reference. In this 

simulation, is 1 m, and material of the IDT is Al and the 

thickness is 0.05.  

It is clearly seen that the characteristics of the resonators 

deteriorate when the substrate (a), (b) or (c) is used. On the 

other hands, characteristics are satisfactory when the substrate 

(d) or (e) is employed. This is because the transverse waves 

velocities for (a), (b) and (c) are not larger than the LLSAW in 

the LN plate as shown in Table I. Note that the longitudinal 

wave velocities for (a) to (e) are much larger than that of the 

LLSAW in the LN plate. 

Although it is theoretically possible to obtain favorable 

characteristics when the 6H-SiC or diamond is employed, it 

seems to be hard to apply these materials to SAW mass 

production owing to their size, price and quality at this time. 
 

B. Application of an acoustic mirror to the LLSAW 

In this part, more practical device structure is discussed for 

the LLSAW instead of the introduction of the 6H-SiC and 

diamond. The authors proposed another LLSAW device 

structure comprising the IDT, the thin piezoelectric plate, an 

acoustic mirror bonded on a handle substrate as depicted in Fig. 

4 [25-27]. The acoustic mirror is composed of low-acoustic-

impedance (LAI) and high-acoustic impedance (HAI) layers 

stacked alternately beneath the piezoelectric plate. The Bragg 

reflection enables good acoustic energy confinement in the 

vicinity of the surface as that used in solidly mounted resonator 

type BAW devices [28-33]. 

 It should be noted that the acoustic mirror may work under 

proper design even when the velocities of bulk acoustic waves 

in the LAI/ HAI materials and the handle substrate are slower 

than those in the piezoelectric layer. 

Next, the acoustic mirror performance is calculated by matrix 

techniques [34]. In this paper, five layers in total multilayered 

acoustic mirror comprising the LAI and HAI materials is 

assumed as illustrated in Fig. 5. Here, SiO2 is always assigned 

to the LAI layers because the SiO2 works effectively as not only 

the LAI but also temperature compensation. Then, AlN, Ta2O5, 

HfO2, Ta, Pt, W and Ir are examined as the HAI materials.  

Here, x in Fig. 5 is the wavenumber of the SAW propagating 

on the surface, which is expressed as   


𝑥
 = 

2
𝑥

                                         (2) 

where x is the SAW wavelength determined by the IDT 

periodicity, and x is set to 1.7 m in this case. Each thickness 
of the layer in the acoustic mirror equals to a quarter- 

wavelength thickness (z/4) at 3.5 GHz. 

TABLE I.  VELOCITIES OF THE MATERIALS FOR A HIGH VELOCITY HANDLE SUBSTRATE. 

 
 

 

(a) AlN

(0°,0°,0°)

(b) Si(100)

(0°,0°,45°)

(c) R-plane Sapphire

(0°,122.23°,0°)

(d) 6H-SiC

(0°,0°,0°)

(e) Diamond

(0°,0°,0)

Longitudinal wave velocity V L (m/s) 10,287 8,433 11,175 12,491 17,541

Faster transverse wave velocity V FT (m/s) 6,016 5,845 6,766 7,125 12,810

Slower transverse wave velocity V ST (m/s) 6,016 5,845 5,744 7,125 12,810

 
 
Fig. 4. Another variation of the LLSAW device structure comprising IDT, 
the thin piezoelectric plate, an acoustic mirror bonded on a handle 

substrate. 
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Fig. 5.  Assumed five layers in total multilayered acoustic mirror for 

calculation of the performance.  
LAI layer: SiO2 (always applied) 

HAI layer: AlN, Ta2O5, HfO2, Ta, Pt, W and Ir. 
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Fig. 6 shows the calculation results of the transmission 
coefficient of the acoustic mirror. The transmission wave energy 
is normalized by the incident wave energy. Legends in Fig. 6 
line from top to down in order of less acoustic impedance of the 
HAI materials. It is clearly seen that the larger acoustic 
impedance of the HAI material has, the smaller transmission 
coefficient and the wider stopband width. 

Next, characteristics of 1-port LLSAW resonators using 

several configurations of acoustic mirror are calculated by the 

finite element method (FEM). Detailed configurations of the 

resonator structures for the simulation are shown in Table II.  

The calculated impedance curves of the resonators are 

compared in Fig. 7. According to the simulation results, much 

wider fractional bandwidth is obtainable when much larger 

acoustic impedance material is used for the HAI layer. There is, 

however, negligible difference among the performances using 

Ta, Pt, W and Ir for the HAI material.  

Fig. 8 shows simulated cross-sectional field distribution of 

the structure using several configurations of the acoustic 

mirrors. It is seen how good energy confinement in the thin LN 

plate is realizable when Ta, Pt, W and Ir are used for the HAI 

layers. On the contrary, when AlN is applied to the HAI layers, 

it is seen the relatively poor energy confinement in the LN thin 

plate due to non-negligible BAW leakage to the silicon 

substrate. Thus, the good energy confinement in the LN plate 

may result in the wider fractional bandwidth of 1-port LLSAW 

resonators when larger acoustic impedance materials are used 

for the HAI layers as depicted in Fig. 7. 
 

 

 

 
Fig. 6.  Calculation results of the transmission coefficient of the acoustic 

mirror. 
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Fig. 8.  Simulated cross-sectional field distribution of the structures using several configurations of acoustic mirrors; (a) AlN, (b) Ta2O5, (c) HfO2, (d) Ta, (e) 

Pt, (f) W and (g) Ir for the HAI materials, respectively. X-axis indicates normalized displacement. Red, green and blue lines in each figure show longitudinal 
component u1 (parallel to the propagation direction on the LN surface), share horizontal component u2 (normal to the u1 component on the LN surface), and 

vertical component u3 (normal to the LN surface), respectively. 
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TABLE II. 1-PORT LLSAW STRUCTURAL PARAMETERS FOR CALCULATION. 

 
 

 
 

IDT
Al(125 nm)

Wave length( x) : 1.7 m

(90°,90°,40°) LiNbO3

Thickness : 340 nm

Acoustic mirror

Five layers acoustic mirror composed of

SiO2 and each HAI material

HAI : AlN, Ta2O5, HfO2, Ta, Pt, W, Ir

Each layer thickness corresponds to those of z/4

at 3.5 GHz.

Handle substrate Silicon
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Fig. 7.  Comparison of the calculated impedance curves among 
several configurations of the acoustic mirror. The legends show the 

HAI materials. 
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III. OBSERVATIONAL VALIDATION OF THE AOUSTIC MIRROR 

EFFECT 

Developing SAW devices, direct observation of the SAW 

propagation is useful for finding clues to improve the SAW 

devices as well as computer simulation and trial production. 

Thus, several techniques have been reported for diagnosis of 

acoustic waves by laser probe systems based on knife-edge 

methods [35-39], the Michelson interferometer [40-45], 

polarization-detection methods [46-48] and the Sagnac 

interferometer [49-52]. Most of them are reported on the 

observation of the SH and Rayleigh SAWs because the both 

SAWs have been widely used for RF SAW devices in mobile 

phones. To the best of authors' knowledge, there is only one 

report on visualizing the LLSAW on a Y cut Z LN substrate 

with the Michelson interferometer [44]. 

The authors introduced observation of the LLSAW 

propagating on the X cut LN thin plate on the acoustic mirror 

bonded on the silicon substrate [53]. For the observation, the 

authors used a laser probe system based on the Sagnac 

interferometer as illustrated in Fig. 9. 

 As for the measurement principle in a nutshell, an incident 

laser beam launched from He-Ne laser (wavelength: 632.8 nm) 

is beam-shaped and divided into two beams in the Sagnac loop. 

A different optical path between the two beams in the Sagnac 

loop results in a difference of the arrival time to the surface of 

a device under test (DUT). Optical phase difference between 

the two beams occurs, provided that the surface of the DUT is 

vibrating. The optical signals are detected by a photo detector, 

and then processed by a detection electronics system [50] 

undescribed in Fig. 9. It is possible to simultaneously obtain 

both the amplitude and phase information of the surface 

vibration. The system proved observation of high frequency 

surface vibration on DUTs in minutes order. 

 Fig. 10 illustrates schematic two test pieces for the 

observation. Both the sample A and sample B are composed of 

Al electrodes, the X-cut 40°Y LN thin plate, the acoustic mirror 

stacked SiO2 films for the LAI and Pt films for the HAI 

alternately bonded on the silicon substrate. The Al-IDT of 150 

nm thickness are fabricated on the surface of the thin LN plate, 

and their periodicity, the number of finger pairs and their 

aperture length are set to 3 m, 10 pairs and 30 m, respectively. 

No grating reflectors are placed at both sides of the IDT. The 

acoustic mirror is deployed between the LN thin plate and the 

silicon substrate, and the structural difference between the two 

samples is that the sample A has only the acoustic mirror right 

under the IDT hence no acoustic mirror outside of the IDT 

region, while the sample B has the acoustic mirror underneath 

the IDT and also both sides of it. The thicknesses of the LN 

plate, SiO2 films, and Pt films are 600 nm, 420 nm, and 270 nm, 

respectively. 

A driving RF incident power was 10 dBm, and its frequency 

was set to 2 GHz, which corresponds to a phase velocity of 

6,000 m/s. Scanning steps along x and y of a sample stage were 

both 400 nm.    

Fig. 11 summarizes the comparison results between the 

sample A and B. According to the observational images of the 

sample A shown in (a2) of Fig. 11, the vibration pattern is 

clearly visible only near the IDT region and it decays rapidly as 

the traveling waves leave from the IDT. In contrast, the 

vibration pattern shown in (b2) of Fig. 11 does not decay 

significantly, it is clearly observable even for regions far from 

the IDT. These observational results demonstrate that the 

proposed LLSAW structure provides small propagation loss 

owing to good confinement of acoustic wave energy near the 

surface of the LN plate in the sample B. The LLSAW, by 

contrast, in the sample A shows relatively large propagation 

loss because of lack of the acoustic mirror outside of the IDT 

region, in other words, non-negligible acoustic energy is leaked 

away to the silicon substrate. 
 Figs. 11 (a3) and (b3) show the simulated cross-sectional 

field distributions, and the simulation agrees well with the 
observation results. It is clearly seen that acoustic wave energy 
is trapped in the vicinity of the LN plate owing to the acoustic 
mirror in the sample B, whereas the acoustic wave energy 
radiates into the bottom of silicon substrate from the outer edges 
of the acoustic mirror in the sample A. 

 

 

 

 
 

Fig. 9.  Configuration of the laser probe system. 

LD :Laser diode(He-Ne)

QWR :Quarter-wave retarder

HWR :Half-wave retarder

NPBS :Non-polarizing beam splitter

PBS :Polarizing beam splitter

PD :Photo detector

MR :Mirror

OB :Objective

SG :Signal generator

DUT :Device under test
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Fig. 10.  Schematic top (a1, b1) and cross-sectional (a2, b2) views of the 
test samples. The sample A (a1, a2) has only the acoustic mirror right 

under the IDT, and the sample B (b1, b2) has the acoustic mirror 

underneath not only the IDT but also both sides of it. 
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IV. EXPERIMENTAL RESULTS AND DISCUSSION 

Fig. 12 shows characteristics of the 3.5 GHz 1-port LLSAW 

resonator presented in [54]. The structural design parameters 

are shown in Table III. An equivalent circuit for a piezoelectric 

resonator called the modified Butterworth-Van Dyke (mBVD) 

model [55, 56] was introduced to characterize the SAW 

resonator. As seen in Fig 12, there is a good agreement between 

measured characteristics and fitted ones.  

 

 

 

The measured impedance ratio and fractional bandwidth 

were 71 dB and 9.5%, respectively. The bandwidth is about 

three times larger than those of conventional 42LT and TC-

SAW. 
The resonance frequency was 3.55 GHz, it corresponds to a 

phase velocity of 6,035 m/s. The obtained phase velocity is 
approximately 1.5 times higher than those of the conventional 
ones. Qmax estimated by Bode-Q [57] was 665.  

 

 
Fig. 11.  Comparison results of the observation. (a1) and (b1) show the schematic top views of the sample A and B. (a2) and (b2) are the measured field 

distribution images of the sample A and B. (a3) and (b3) depict simulated cross-sectional field distribution of the sample A and B by a 3D-FEM. 
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Fig. 12.  Measured and fitted characteristics of a 3.5 GHz LLSAW resonator for (a) impedance curve, (b) Bode-Q and (c) Smith chart. Blue solid lines and 

red dotted lines present experimental results and fitted results by mBVD model, respectively. 
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Next, a 5 GHz 1-port SAW resonator was demonstrated for 

comparing to the 3.5 GHz 1-port SAW resonator. Fabrication 

of the 5 GHz resonator was carried out for the wavelength  = 

1.2 m, changed from 1.7 m for the 3.5 GHz resonator. All 

the structural parameters of the resonator were shrunk with the 

change of . Measured and fitted characteristics of the 5 GHz 

resonator are shown in Fig. 13. Although an impedance at the 

resonance frequency slightly increases due to increase to the 

ohmic resistance of shrunk IDTs. Interestingly, the overall 

performance does not obviously degrade even with the 

frequency increase.  

 

V. PERFORMANCE COMPARISON 

Lastly, let us discuss the applicability of the proposed 

LLSAW structure in the super high frequency (SHF) range by 

comparing with the I.H.P. SAW and another ultra-high velocity 

plate wave device. 

 

A. Comparison with the I.H.P. SAW 

Since the propagation loss of the I.H.P. SAW is extremely 

small, it may make it possible to realize much higher frequency 

range such as over the 3 GHz range that was considered to be 

impractical for the SAW devices. The authors fabricated and 

evaluated a 3.5 GHz I.H.P. SAW resonator, and compared to 

the 1.9 GHz I.H.P. SAW resonator performance [17]. Fig. 14 

shows the comparison results between the 1.9 GHz and 3.5 GHz 

I.H.P. SAW resonators. Attained Qmax of the 3.5 GHz I.H.P. 

SAW resonator was 1,740 whereas that of 1.9 GHz one was 

4,200 because of the frequency difference.  

The Qmax of the 3.5 GHz I.H.P. SAW shown in Fig. 14 was 

approximately 3 times larger than that of the 3.5 GHz LLSAW, 

however, considering their k2 difference, the latter k2 is about 3 

times larger, it is difficult to say which is better in a word. 

Suitable structure should be chosen according to desired filter 

specifications. 

The fabricated 3.5 GHz I.H.P. SAW resonator of the 

wavelength  was 1.1 m, namely line and gap widths of the 

IDT patterns were 0.275 m. The patterns are manufacturable 

by KrF lithography systems, which are currently used in the 

mass production. However, much finer pattern such as less  of 

0.8 m for 5 GHz range I.H.P. SAWs would requires Herculean 

efforts. 

In contrast, the 5 GHz LLSAW resonator is realizable when 

 is set to 1.2 m without fetal deterioration characteristics, as 

compared between Figs. 12 and 13. In addition, the  of 1.2 m 

for the 5 GHz LLSAW resonator is even larger than that of the 

3.5 GHz I.H.P. SAW due to the high velocity. It means that 

SAW devices can be practical even in the 5 GHz range. 
 

  

TABLE III.  1-PORT SAW STRUCTURAL PARAMETERS FOR 

EXPERIMENT. 

 

Material LiNbO3

Euler angle (90°,90°,40°)

Thickness 0.34 m

Wavelength 1.7 m

Material Al

Thickness 0.08 m

Number of pairs 100

Metallization ratio 0.5

Aperture 25.5 m

Number of reflector 20

Configuration SiO2/Pt/SiO2/Pt/SiO2

SiO2 thickness 0.238 m

Pt thickness 0.153 m

Handle

substrate
Material Silicon

Piezoelectric

crystal

Electrodes

Acoustic

mirror

 

       
(a)                                                                          (b)                                                                 (c) 

 
Fig. 13.  Measured and fitted characteristics of a 5 GHz LLSAW resonator for (a) impedance curve, (b) Bode-Q and (c) Smith chart. Blue solid lines and red 

dotted lines present experimental results and fitted results by mBVD model, respectively. 
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B. Comparison with an A1 mode Lamb wave device 

Here, let us compare with a much higher SAW-like acoustic 

wave device. Kadota and Ogami reported a 5.4 GHz A1 mode 

Lamb wave resonator using a thin Z cut LN crystal plate [58]. 

The A1 mode is a first-order asymmetrical mode whose phase 

velocity is much higher than several fundamental plate modes 

when the thickness of the LN is very thin as shown in Fig. 15. 

Owing to the high phase velocity of around 13,000 m/s, the 

5.4 GHz Lamb wave resonator in the thin LN crystal plate was 

realized even though relatively large wavelength  of 2.43 m 

was set [58].  

Comparing with the phase velocities between the proposed 

LLSAW and the A1 mode Lamb wave, the latter is 2.2 times 

higher than former. This clearly indicates that resonators in 10 

GHz ranges are realizable with the KrF lithography.  

However, the A1 mode Lamb wave devices have several 

challenges for practical and stable use in mobile phones. For one 

thing, precise and accurate LN thickness control is essential 

because the resonance frequency and k2 are much more sensitive 

to the LN thickness in this structure than the LLSAW structure. 

For another thing, it requires extreme cares for handling because 

they are potentially fragile. Furthermore, it may be inevitable to 

apply temperature compensation technique in some way to the 

A1 mode Lamb wave devices because the TCF of the original 

LN plate is not good; around -100 ~ -80 ppm/K. Accumulating 

SiO2 films on the IDT as the TC-SAW may give rise to further 

difficulties such as performance deterioration and frequency 

control because of its high sensitivity of the thickness. 
It should be noted that the proposed structure using the 

acoustic mirror can be applied to not only the LLSAW (in other 
word, S0 mode in the piezoelectric thin plate) but also the other 
modes including the A1 mode. Fig. 16 shows an example of 
simulated impedance curve of the A1 mode solidly mounted 
resonator using the acoustic mirror as shown in Fig. 4.   

For the simulation, the thickness of the Z cut LN and 

wavelength of the IDT are set to 240 nm and 1.2 m respectively 
that their values are the same as the 5 GHz LLSAW resonator 
shown in Fig. 13. A single-mode resonance is seen at 9.87 GHz, 
and three spurious responses at frequencies lower than the main 
response are caused by mirror modes [59], another spurious 
response resulted from an SH1 mode appears at above the anti-
resonance frequency of the main resonance. The simulation 
result indicates that a 10 GHz range high frequency resonator is 

achievable by using a manageable wavelength of 1.2 m, 
provided that optimized combination of high-order Lamb wave 
modes and a structure configuration including the acoustic 
mirror 

 

VI. CONCLUSION 

This paper discussed an LLSAW device comprising a thin 

LN crystal plate and an acoustic mirror bonded on a silicon 

substrate which can offer a high velocity and wideband 

characteristics. 

 
 
Fig. 14.  Comparison between 1.9 GHz and 3.5 GHz I.H.P. SAW 

resonators for (a1) and (b1) impedance curves, (a2) and (b2) Bode-Q. 
Blue solid lines present experimental results, red dotted lines present 

fitted results by mBVD model (Fitted curves are drawn only the 3.5 GHz 

resonator).  
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Fig. 15.  Calculated several plate waves properties in the thin LN. 
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Fig. 16.  An example of simulated A1 mode solidly mounted resonator 

performance. 
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It was theoretically and experimentally shown how the 

acoustic mirror is useful for the LLSAW, and it is expected to 

be promising for sub 6 GHz range filters in the upcoming next 

generation wireless access technology through comparing with 

the I.H.P. SAW and a high velocity A1 Lamb wave resonator.  

It was also presented that a 10 GHz range, durable and 

manageable IDT pitch SAW device was possible by using the 

acoustic mirror. 
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