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1. Introduction
The longitudinal-type leaky surface acoustic 

wave (LLSAW) has advantages for application to 
high-frequency SAW devices because of its high 
phase velocity close to that of a longitudinal bulk 
wave.1 However, the LLSAW has huge inherent 
attenuation because it loses energy through the 
continuous radiation of shear horizontal and shear 
vertical bulk waves into the substrate. 

In our previous works, to reduce the attenuation 
of an LLSAW, we proposed a layered structure of 
air, a bulk LiNbO3 (LN) layer, and an elastically 
softened LN substrate. When the layered structure 
was applied to X36°Y-LN with a large coupling 
factor K2 for the LLSAW,2 zero attenuation for the 
metallized surface was obtained theoretically at a 
bulk layer depth of 0.2-0.4  ( : wavelength).3 To 
realize such a layered structure, a reverse proton 
exchange (RPE) process,4 in which a 
proton-exchanged (PE) layer with an elastically soft 
property is buried in the substrate, was applied to 
X36°Y-LN. In comparison with the virgin wafer, 
the measured propagation loss for the free surface 
on the RPE wafer was decreased threefold and the 
resonance properties were improved markedly.3 
However, there was a problem that the recovery of 
piezoelectricity due to the RPE process was 
insufficient on almost the entire area of the sample. 

In this study, the dependence of the recovery of 
piezoelectricity on the fabrication conditions was 
investigated by evaluating the LLSAW resonance 
properties. 
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2. Sample Fabrication 
Table I shows the sample fabrication conditions, 

which are denoted No.0-7. Sample No.0 
corresponds to a sample fabricated under the 
conditions in our previous study,3 for which the 
results are used as reference data. These samples 
were fabricated by first forming an initial PE layer 
by immersing a 3-inch X-cut LN wafer in a dilute 
solution of benzoic acid, and then forming an RPE 
layer by immersing the PE wafer in a melted 
mixture of LiNO3-NaNO3-KNO3, which acted as a 
Li+ source. The parameters used to investigate the 
dependence on the fabrication conditions were the 
dilution rate (Li 1.0 or 2.0 mol%) in the PE process, 
the RPE temperature (300, 310, or 320 °C), and the 
Li+ concentration (33, 66, or 100%) in the Li+ 
source in the RPE process with the PE temperature 
fixed at 250 °C. The PE time was set so that the PE 
layer depth was 1.7 µm, and the RPE time was set 
so that the RPE layer depth was 1.1 µm. The RPE 
layer depth (0.3 λ) was designed in accordance with 
the results of our theoretical investigation.3  

The same electrode patterns as those in our 
previous paper3 were fabricated on the samples 
using an Al film with a thickness of 0.02 λ for 36°Y 
propagation. The resonator electrodes consisted of 
interdigital transducers (IDTs) with a period λ of 
3.6 µm and reflectors. Eighteen different resonators 
were fabricated with an aperture W of 15, 25, or 50 
λ, N=30, 100, or 200 IDT pairs, and NR=0 or 50 
refractors. Input and output IDTs with λ=3.6 µm, 
N=10 or 30 split-finger pairs, and propagation path 
lengths L of 5-50 λ were also fabricated.   

Table I  Fabrication conditions and evaluation results for LLSAW resonator. 

No. 
PE RPE Number of 

resonators with 
inductivity (/1800) 

Temp. 
(°C) 

Li+ 
(mol%) 

Time
(h)

Temp.
(°C)

Li+

(%)
Time
(h)

  03 

250 1.0 5.0 

300 
33

9.0 

6 
1 66 0 
2 100 0 
3 310 33 3 
4 66 4 
5 320 33 0 
6 100 0 
7 2.0 23.0 300 33 26 
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3. Experimental Results and Discussion 
The resonance property of each sample was 

measured by a network analyzer. The number of 
resonators having inductivity among the 1,800 
resonators (18 types × 100 blocks) on each wafer 
sample was regarded as the ratio of the area in 
which the recovery of piezoelectricity due to the 
RPE process is sufficient. This number is shown in 
Table I. For sample No.0 (the reference sample), the 
number of resonators having inductivity was 6. 

As shown in Table I, for the proton source 
diluted with Li 1.0 mol%, even if the conditions of 
the RPE process were changed, the recovery of 
piezoelectricity was not improved (samples No.1-6). 
On the other hand, when the Li+ concentration in 
the proton source was increased from 1.0 to 2.0 
mol% (sample No.7), the number of resonators 
having inductivity increased from 6 for the 
reference sample to 26. 

It can be considered that when lithium ions are 
exchanged with protons in the RPE layers, the sign 
of the polarization is arranged randomly because 
the polarization axis is parallel to the substrate 
surface for X-LN. The remaining polarization in the 
initial PE layer may be increased by increasing the 
dilution, which may make it easy for the sign of the 
polarization to be equal to that in the RPE process. 

Figures 1(a) and 1(b) show the measured (a) 
amplitude and (b) phase of the admittance for the 
resonator with W=25 λ, N=30, and NR=50 on the 
area of sample No.7 with sufficient recovery. A 
similar improvement in the resonance property of 
the LLSAW to that in the previous paper3 was 
observed in the RPE sample. The admittance ratio 
was increased from 5.6 to 25.8 dB. The minimum 
phase reached -50.6° compared with 43.8° for the 
virgin sample. The antiresonance quality factor Q 
was increased fivefold from 34 to 150. On the other 
hand, the bandwidth ratio (fa-fr)/fa (fa: antiresonance 
frequency, fr: resonance frequency) was decreased 
from 3.5% to 2.0%. 

The propagation loss PL of the LLSAW was 
estimated from the slope of the minimum insertion 
loss (N=30) plotted as a function of L for the area of 
sample No. 7 with sufficient recovery. For instance, 
PL for the shorted grating was decreased from 0.43 
dB/λ for the virgin wafer to 0.17 dB/λ.  

From the above results, it can be considered that 
the area with sufficient recovery due to the RPE 
process can be further increased by further 
increasing the Li+ concentration of the proton 
source. However, owing to the increase in the Li+ 
concentration, the PE time is increased significantly. 
Therefore, a process that can increase the Li+ 
concentration in the initial PE layer to a suitable 
value, such as postannealing, needs to be adopted. 
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(a) Amplitude. 
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(b) Phase. 

Fig. 1  Admittance properties of resonator on 
          X36°Y-LN (sample No.7). 

 
4. Conclusions

The dependence of the recovery of 
piezoelectricity on the fabrication conditions due to 
the RPE process was investigated by evaluating the 
LLSAW resonance properties on X36°Y-LN. It was 
found that increasing the Li+ concentration of the 
proton source is effective for increasing the area 
with sufficient recovery due to the RPE process. To 
further increase this area, postannealing to increase 
the Li+ concentration in the initial PE layer will be 
investigated. 
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