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The ball SAW sensor 

• What is the ball SAW sensor?

• How does it measure the trace moisture?

• We had a difficulty caused by temperature variation.

• How did we solve it?

• Our detection limit is about 1ppbV trace moisture in N2 gas.

• We detect the trace moisture in hydrocarbon gases with a same calibration curve.

• We detect a-few-seconds spikes of trace moisture.
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What is the ball SAW sensor?
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(Surface Acoustic Wave)

SAW goes around and around 
and around the sphere.



What is the ball SAW sensor?
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How does it measure the trace moisture?
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How does it measure the trace moisture?
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larly to the surface of a ball. Due to the interference of the
two laser beams with different optical frequencies, scanning
interference fringes were produced. By adjusting the me-
chanical stages, the average spacing of the fringes was made
equal to the wavelength of the SAW, and the scanning ve-
locity of the fringes was made equal to the phase velocity of
the SAW, in order to establish an approximate phase match-
ing. The laser has a specially designed long pulse width of
around 100 ns, to allow a long interaction time between the
fringes and the SAW. The long interaction time is essential
for the selective generation and amplification of the SAW in
the PVS method, while suppressing the bulk acoustic waves
!BAW".8

The SAW propagated repeatedly along an equator of the
ball perpendicular to the fringes. They were detected at each
turn by the optical knife edge method with an argon ion laser
probe focused at a position 3–4 mm away from the fringes.
After detection, the frequency component lower than 20
MHz was filtered out. This filtering serves to reject BAW,
which would be generated by the noninterference component
of the laser beams. Since the laser pulse width is long !100
ns", the frequency of BAW is less than 10 MHz, which is
completely separated from the SAW frequencies.

Figure 2 shows the observed signal. A large number of
tone bursts were observed. We verified that they are SAW
rather than BAW by applying a droplet of silicone oil on the
top of the ball. When the droplet was small and did not reach
the path between the fringes and the detection point, the
signal was not changed. However, when the droplet reached
the path, the signal completely disappeared. This result
proves that all the signals were SAW and no BAW were
generated. Furthermore, the SAW did not spread over the
entire ball surface but were confined within a narrow path on
which the fringes and the detection point are located. The
number of round-trip propagations was as large as 20, corre-
sponding to a total propagation length of 50 cm. The noise
near the zero level is due to the 30 MHz signal driving the
Bragg cell, which could be eliminated by careful shielding.

Figure 3!a" shows the expanded signals at the first turn
on the as-received ball !top", the Ag-coated ball with a maxi-
mum thickness of 50 nm !middle", and with a maximum
thickness of 150 nm !bottom". Figure 3!b" shows expanded
signals at the twelfth turn. The signals were averaged over 10
measurements and digitized with a sampling interval of 2 ns.
The signal-to-noise ratio was very high. Although the tem-
poral separation of signals in !a" and !b" was large !93 #s",
their shape was hardly changed.

The similarity of the two signals is important for precise
time interval measurements when we apply the pulse echo
overlap method or the cross correlation method. To test the
similarity, we tried to overlap the signals by shifting the
twelfth signal to the first signal. When the shift was 93.470
#s, the phase of the twelfth signal lagged slightly behind that
of the first signal, as shown in Fig. 4!c". When the shift was
increased by 8 ns, the phase of twelfth signal was slightly
ahead of that of the first signal, as shown in Fig. 4!a". How-
ever, when the shift was 93.474 #s, a value calculated from
the peak in the cross-correlation function of the two signals,
the signals almost completely overlapped, as shown in Fig.
4!b". Because the similarity of the signals was very high, a
variation of 4 ns led to an easily detectable phase mismatch.
Consequently, the uncertainty in determining the phase delay
of the two signals was less than 4 ns at around 2 ns. Since the
total time interval was as long as 93 #s, the relative magni-
tude of this uncertainty is estimated to be 0.002%.

Taking advantage of this excellent temporal resolution,
we tried to detect a small velocity change due to the deposi-
tion of a 50- or 150-nm-thick Ag film. In Fig. 3, the differ-

FIG. 2. Observed signal of SAW with a large number of monotonically
decaying pulses.

FIG. 3. Expanded wave forms of SAW at !a" the first turn and !b" the
twelfth turn.

FIG. 4. Overlap of SAW wave form at the first and twelfth turn.
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We measure 
(1) the decay rate and 
(2) delay-time of pulses.



Difficulty caused by temperature variation.

• We have to measure the ppm level of change in the delay-time of pulses.

• But the delay-time strongly depends on temperature.

• We need to compensate it for the trace moisture detection at ppbV level.
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How did we solve it?
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How did we solve it?
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From these equations, we obtain 

Relative delay time changes at frequencies 1f and 2f , are given by 

where w and T are moisture 
concentration and temperature, 
respectively.

where
and C=A2/A1.

Ref: Proceedings of Symposium on Ultrasonic Electronics, Vol. 37 (2016) 16-18 November, 2016 
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Falcon Trace (code name)

We implemented the method 
in a prototype.



Our calibration curves for high end and low end
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Decay rate due to moisture dB  Delay time ratio of two frequencies



Our detection limit is about 1ppbV.
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Trace moisture measurement 
in the nitrogen gas



Trace moisture in hydrocarbon gases.

• It works in hydrocarbon gases with the same calibration curve.
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Trace moisture in hydrocarbon gases.
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Trace moisture in hydrocarbon gases.
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Trace moisture in hydrocarbon gases.
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A-few-seconds spikes in the trace moisture.
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• Injected dry N2 gas and 10ppmv wet N2 gas alternatively in       
5 seconds into the sensor cell.

dry N2
wet N2
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90mm
PC



A-few-seconds spikes in the trace moisture.
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Background is not an artifact but is due 
to the adsorption of moisture on the 
inner surface of piping.

-65℃ FP

-90℃ FP
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A-few-seconds spikes in the trace moisture.
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90mm
PC

A dry chamber

The ball SAW sensor works with 0 flow rate.

The open-face sensor



A-few-seconds spikes in the trace moisture.
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90mm
PC

We can monitor a leakage in a moment.

leak

A dry chamber

The open-face sensor



Thank you for listening.

• We offer a unique solution for the trace moisture measurement with 

versatile capabilities.

• A prototype for commercial model is available now for early access.
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