
Therefore, the 1st LSAW mode was named here. It 
was found that the attenuations of the LPSAW and 
1st LSAW mode are one order of magnitude less 
than that of the LSAW.   
3. Measured Propagation Properties 

First, a simple delay line with a single-electrode 
IDT pair with a period λ of 8.0 μm, an overlap 
length W of 50 λ, N=30 finger pairs, and 
propagation path lengths L of 5, 10, 25, and 50 λ 
was fabricated on 128° Y-X LN substrate using an 
Al film. Next, an a-Ta2O5 thin film was deposited 
on the IDT pair and propagation path using an RF 
magnetron sputtering system (ULVAC MPS-2000) 
with a long-throw-sputter cathode. Samples with 
normalized film thicknesses (h/λ) of 0.47–0.66 were 
fabricated.  

Figure 3 shows examples of the frequency 
responses of the PSAW for L=25 λ before and after 
water loading on the sample surface measured using 
a network analyzer. In these results, the responses 
due to electromagnetic waves and a triple transit 
echo were removed by a time gate option. It was 
observed that the insertion loss IL increased with 
leakage loss into water. Phase velocity was 
determined by multiplying the center frequency of 
the measured frequency response between IDTs by 
λ. Figure 4 shows the minimum insertion loss MIL 
as a function of the propagation path length L for 
the PSAW and 1st LSAW mode together with the 
MIL of the LSAW. For the LSAW, the MIL shows 
only two points with 5 λ and 10λ because no 
response of the LSAW at more than 25λ was 
observed owing to a large leakage loss. The 
propagation losses without water loading PL and 
with water loading PLw were measured from the 
slope in Fig. 4. PLw is shown in Fig. 2 together with 
the calculated attenuation. Furthermore, the 
measured leakage loss into water was determined 
by subtracting PL from PLw and is also shown in 
Fig. 2. The value of PLw-PL was in disagreement 
with the calculated attenuation for the LSAW, 
whereas good agreement was obtained between the 

calculated and measured values for the 1st LSAW 
mode.  
4. Evaluation of Acoustical Loss 

Acoustical loss was evaluated by subtracting the 
calculated attenuation from the measured PLw of the 
1st LSAW mode. Table I shows evaluation results. 
Good agreement was obtained between the 
evaluated acoustical loss (PLw-Attenuation) and the 
measured PLR of the R-SAW corresponding to the 
acoustical loss of the material. A similar experiment 
was conducted with a SiO2 thin film instead of an 
a-Ta2O5 thin film. The result of evaluation was the 
same as that previously obtained, and it was found 
that the acoustical loss can be evaluated by using a 
wave mode with a small leakage loss such as 
LPSAW or 1st LSAW mode selected in the present 
experiment.   
5. Conclusions 

The propagation properties on free and 
water-loaded surfaces were investigated and the 
acoustical losses were evaluated. The results of 
evaluation using a wave mode with a small leakage 
loss such as an LPSAW were in good agreement 
with PLR corresponding to acoustical loss. In the 
future, the evaluation of acoustical loss using an 
LFB-UMC system will carried out including a wave 
mode with a large leakage loss.  
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Fig. 4  Minimum insertion loss vs. propagation 
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 Table I  Results of evaluating acoustical loss of 

a-Ta2O5. 

h/λ PLw 
[dB/λ] 

PLw-Att. 
[dB/λ] 

PLR 
[dB/λ] 

0.47 0.36 0.13 0.13 
0.56 0.37 0.14 0.14 
0.66 0.40 0.11 0.16 
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1. Introduction 

For the material of lithium ion battery or 
organic electro luminescence display easily reacts 
with water molecules, it is important to control the 
trace moisture in the dry chamber. However, in the 
load lock chamber to load a moisture-protected 
material into the dry chamber, mixing of the 
atmospheric air is a problem. It is thus required to 
monitor the trace moisture in the load lock chamber 
at the time resolution of the order of seconds. But, 
at present, there is a problem with response time of 
a commercially trace moisture analyzer. 

We developed an ultra-trace moisture 
analyzer by using the ball surface acoustic wave 
(SAW) sensor coated with a sol-gel silica sensitive 
film [1-4]. In this study, we develop a portable ball 
SAW moisture analyzer by using a USB pulsar 
which can measure frost point of -70 ℃, at a high 
speed and a low cost. Then, we measure the 
moisture change in a dry box simulating the load 
lock chamber, and verify on-site adaptability. 

2. Principle 
A schematic diagram of a ball SAW 

sensor with a silica sensitive film is shown in Fig.1. 
When SAW is excited with a specific width on a 
sphere, it makes multiple roundtrips as shown in 
Fig.1 (b). For this phenomenon, it is known that 
attenuation of SAW can be measured at high 
sensitivity, and that the viscoelastic effect of the 
sensitive film is sensitive to frost point of -70 ℃. 
 

3. Experimental setup 

 To simulate a load lock chamber, a 20 
cm square acrylic box was equipped with an 
inlet and exhaust port for dry nitrogen flow, and 
a cover which can be opened and closed at a 
high speed [Fig. 2(a)]. We installed a matching 
network and a ball SAW sensor of 150 MHz 
and a thermistor in the dry box [Fig.2 (b)]. 
 Fig. 2(c) shows a view of the USB 
pulsar, and Fig. 2(d) shows a block diagram. 
The USB pulsar can excite, receive and detect 
ball SAW with the USB bus power. It boosts 5 
V of USB power supply to 200 V and generates 
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Fig. 2 (a) Experiment setup for simulating the load 
lock chamber. (b) Ball SAW trace moisture sensor 
unit. (c) Appearance of USB Pulsar. (d) Block 
diagram of USB pulsar. 
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Fig. 1 (a) Schematic diagram of ball SAW 
sensor. (b) Waveform of roundtrip of SAW. 
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an impulse for SAW excitation at a 0.5 ms 
interval [5]. 
 The signal returned from the ball SAW 
sensor through the circulator is acquired by the 
analog-to-digital converter after passing 
through a band pass filter, a log amplifier and a 
peak hold circuit. In this experiment, the peak 
values at two turns were averaged 1000 times 
to measure the attenuation. As a result, the 
measurement interval was 1 second. 
 
3. System development 

 The ball SAW sensor was calibrated 
using a temperature controlled cell by Peltier 
element. Fig. 3(a) shows a response of 
attenuation change when frost points were 
changed using a bubbler at flow rate of 0.1 
L/min. A response of attenuation change was 
observed at the frost point of -70 to -20 ℃. As 
the frost point increased, the attenuation increased. 
Fig. 3(b) is the calibration curve to measure 

the frost point of -70 to -20 ℃  from the 
attenuation, interpolated by the spline method. 
It showed a good linearity in the frost point 
range of -60 to -30 ℃.  

4. Result 

The change in the frost point is shown in 
Fig. 4(a), when dry nitrogen was flowed to the 
dry box at 6 L/min, and the cover was opened 
for 0.3 seconds and closed. Reproducibility of 
four experiments was high. We confirmed 
wetting by the atmospheric air and saturation in 
10 seconds. We also observed that the dry 
down takes 5 minutes. 

Next, a flow rate dependence of the frost 
point behavior is shown in Fig. 4(b). As the flow 
rate decreased, the baseline increased. The reason is 
thought that there is a leak in the dry box. 

5. Conclusion 
We developed a portable trace moisture 

analyzer by using a fast response ball SAW sensor 
and a USB pulsar. We demonstrated the on-site 
adaptability where the moisture control of the load 
lock camber is necessary.  
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Fig. 4 (a) Response of frost point due to opening 
and closing of the cover at flow rate of 6L / min. 
(b) Flow rate dependence of frost point behavior 
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Fig. 3 (a) Frost point dependence of attenuation. 
(b) Calibration curve using spline interpolation. 
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