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ABSTRACT

For efficient control of fuel cells, highly sensié measurement of the concentration of hydrogen(lggsunder high humidity is
required. In this study, we fabricated the ball SA®@hsor with sputtered Pt-coated Zno film as aitemdilm and evaluated the
responseo H, of theconcentration in the range of 200 ppm to 20 pphre thicknesses of ZnO and Pt films are 200 nm%ndh,
respectively. The sensor succeeded in detecBgppmH, by the amplitude change of -0.79 dB. After the sengas wetted by
water, the response was measured agesna result, 20 ppm H2 was detected by 0.4 dB. Weutated the detection limit (DL)
defined as the concentration corresponding toitireakto noise ratio of 3. Since DLs before an@mftetted was 0.47 ppm and 0.27
ppm, respectively, the sensitive film was not deteted by wetting. In conclusion, it was showntttiee ball SAW sensor with Pt-
coated ZnO film was useful for humidity-proof Hzser with sub-ppm DL.

INTRODUCTION

For efficient control of fuel cells, highly sensii
measurement of the concentration of hydrogen gasutier
high humidity is required. We succeeded in detectih of
10 ppm by the ball surface acoustic wave (SAW) sensth

a sensitive film of Pd-Ni hydrogen absorbing alla}; where
highly sensitive measurement is realized usingamitrtiple
roundtrip propagation of SAW (more than 100 turns).
However, the deterioration of the sensitive film Hymidity
was a problem. In this situation, although the ptaBAW
sensor with Pt-coated ZnO film was reported as raidity-
proof H, sensor [2], the possibility of detecting 10ppm H
was not clear. In this study, we aimed to evalutite
response of the ball SAW sensor with sputteredoBterd
ZnO film to low concentration hydrogen gas.

PRINCIPLE OF BALL SAW SENSOR

Figure 1 shows the principle of the ball SAW ser{&brThe
ball SAW sensor is made of a piezoelectric crysgaiere
such as quartz and langasite by the fabricationaof

interdigital transducer (IDT) with an apertuse=+/AD on

the z-axis cylinder, where. is a wavelength and is a
diameter of the sphere. When the IDT is excitedabyRF
pulse signal, naturally collomated SAW propagateagthe
equator without diffraction, realizing multiple noditrip
propagation. Since Pt-coated ZnO film deposited on
propagation route reacts with ,Hand changes the
conductivity, the delay time and amplitude of tle@indtrip
wave are changed. Although those in one turn aedl sthey
are proportionally accumulated as a function of nluenber
of turns. Thus, high sensitivity is realized by tmle-
roundtrip propagation of SAW.
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Figure 1 Principle of ball SAW sensor
EXPERIMENTAL SETUP
Deposition of Pt-coated ZnO film

We deposited Pt-coated ZnO film as the sensitwe @ih the
langasite ball SAW device with a diameter of 3.3 toyrRF
magnetron sputtering. Table 1 shows the sputtedmglition.
ZnO film with a thickness of 200 nm was depositedl a
subsequently Pt film with a thickness of 5 nm wapasited
over the ZnO film as a catalyst. Using a stenciskpahe
sensitive film was deposited on one third of t@pagation
route. Figure 2 shows the ball SAW sensor after the
deposition.
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Table 1 Sputtering conditions

Target ZnO Pt
h df th ber of t d th
Base pressure (Pa) 4.0E-6 4.0E-6 where Neoynter and fg are. e number of a coun er. an. e
system clock frequency in the FPGA aifids the excitation
Ar pressure (Pa) 0.67 067 frequency.
Power (W) 50 50
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Figure 2 Ball SAW sensor with Pt-coated ZnO film

¢=tan(b/a),
FPGA V=(a2+b?)L2

Measurement apparatus

v

Figure 3 shows a schematic diagram of the measuteme

apparatus. The concentration of a sample gas isadied by Figure 4 Block diagram of DQD
two mass flow controllers (MFCs), where 0.1%&, and N

are mixed on the condition that total flow rate draes 100 MEASUREMENT RESULTS

ml/min. The sequence of the measurement was cedsist

the repetition of the exposure of the sample gas$ fminutes Waveform of ball SAW sensor

and the purge of the carrier gas for 20 minuteg Jample
gas flows into into a flow cell with a dead voluraé57.4
mm® and is measured by the ball SAW sensor. The
temperature of the flow cell is controlled by arenwf a gas

A multiple roundtrip waveform of the sensor withnsiive
film was measured by the impulse signal of an stiréc
flaw detector, as shown in Fig. 5. Figure 5 (b) tlie
waveform at the 50th turn, where the amplitude @friV

chromatograph. was obtained.
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Figure3 Measurement aparatus . . .
A digital quadrature detecter (DQD) was used foe th S 0.01p ]
transmission and reception of SAW, as shown in &i{], P
where the excitation frequency and the intermediate 5 0 A
frequency are 150 MHz and 10 MHz, respectively.vBiue =
of the high-speed digital signal processing in fiedd- <E( —0.01F ]

programable gate array (FPGA), the phase and tipditade . . .
can be caluculated with an interval of 1 ms. Héhne, data 213.3 213.4 213.5 213.6
were output with an interval of 0.256 s becausavefraging
over 256 times. The delay tinteand the amplitud®/ are
caluculated by Figure5 waveform of ball SAW sensor
(a) multiple roundtrip, (b) 50 turns

Time (us
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Attenuation change by sensitive film

The attenuation coefficient was calculated fromdhange of
the amplitude of the multiple-roundtrip wavefornj.[Bigure
6 shows multiple-roundtrip waveforms of the sensih (a)
no sensitive film and (b) Pt-coated ZnO film, whete
vertical axis is logarithmic scale.We calculate #teenuation
coefficient by fitting the linear function to theegk
amplitudes of each roudtrip waveform shown by ogietles.
As a result, the attenuation change due to thediimo was
39.6 dB/m, since the attenuation coefficients ofgajl (b)
were 39.4 dB/m and 79.0 dB/m, respectively.
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Figure 6 Roundtrip waveform of Ball SAW sensor
(a) no sensitive film, (b) ZnO/Pt sensitive film

Measurement of hydrogen gas

Figure 7 shows the response of the sensor to H2 thi
concentration of 200, 100, 50, and 20 ppm aiC80The
bottom figure represents the changédgitoncentration. The
top and middle figures represent the delay time and
amplitude changes, respectively. Although the betiponses
detected all concentrations of sample gases, thditade
response is clearer than the delay time responteragard
to the recovery to a baseline during purge perada result,
20 ppm was measured by the amlitude change of -@B879
The mechanisum of the decrease of the amplitudélbig
considered as follows; first, hydrogen moleculesasorbed,
dissociated and ionized on Pt surface. Then, thewdtivity
of ZnO film of n-type semiconductor increases bseaa
depletion layer of ZnO decreases [5]. Therefore, éhergy
of SAW that is converted to electrical energy issiiated by
Joule effect.
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Figure 7 Response of Ball SAW sensor toward hydrogen gas
of 200-20 ppm

After the sensor was wetted by water and dried, rdgponse
was measured again. Figure 8 shows the measureeaserit

The responses similar to the shape of fig. 7 wbtaioned and
the amplitude change for 20 ppm was -0.48 dB. & slzown
that the sensor was water-proof, therefore, it astsmated
that the sensor was humidity-proof..
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Figure 8 Response of Ball SAW sensor after wetted and
dried

EVALUATION OF DETECTION LIMIT

Evaluation of relative noise

To evaluate the detection limit (DL), the relativeise of the
amplitude chage was measured [6]. Figure 9 (a) shibw
amplitude change measured in carrier gas. This foaveis
filtered by FFT in the range of 0.0333-1.67 Hz heseaof the
significance to the sensor response, resultinggn®b). The
relative noise is obtained from the root mean sgyRMS)
of the amplitude of this waveform. The relative ses before
and after wetted were 0.0063 dB and 0.0022 dB ectsely.
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Figure 9 Evaluation of noise
(a) raw data (b)FFT-filtered data

Calculation of DL

DL is defined as the concentration correspondingth®
signal to noise ratio of .3Figure 10 shows the relation
between H concentrations and the amplitude changes
measured in Fig. 7, where the range of the order of
magnitude in vertical axis is the same as thatdrizbntal
axis. The solid line with a slope of %45Gepresents the
proportional relation between concentrations anglénde
changes in the case of 20 ppm data. Result shoveedhb
sensitivity increased as the concentreation deedeaswo
broken lines represent the relative naisgnd the three times
of this value (3) respectively. Since DL is given by the
concentration at the intersection of the solid leved the
broken line of 3y, DL was 0.47 ppm in this case.
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Figure 10 Evaluation of DL
Tempreature dependence of DL

Figure 11 shows the relation between the DLs aral th
temperature. Solid circle represents DL before edetind
open circles and open triangles represent DLs a#tted. At
80°C, DLs before and after wetted was 0.47 ppm and 0.27
ppm respectively. Therefore, the degradation ofuizls not
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observed. Sub-ppm DLs are obtained at all tempestand
these values were improved as the temperatureaisede
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Figure 11 Relation between detection limit and temperature
CONCLUSION

H, was measured by the ball SAW sensor with Pt-coated
ZnO sensitive film. H of 20 ppm was detected by the sensor
before and after wetted, then DLs were calculaBat-ppm
DLs were attained in the temperature of 85to 80C and

the degradation of DL by wetting was not observed.
Therefore, it was shown that the ball SAW sensah wit-
coated ZnO film was useful for humidity-proof, l$ensor
with sub-ppm DL.

REFERENCES

1 K. Yamanaka, S. Ishikawa, N. Nakaso, N. Takeday D
Sim, T. Mihara, A. Mizukami, I. Satoh, S. Akao, awd
Tsukahara, “Ultramultiple Roundtrips of Surface
Acoustic Wave on Sphere Realizing Innovation of Gas
Sensors”, IEEE Trans. Ultrason. Ferroelectr. Freq.
Contral., 53, 793-801 (2006) .

2 Fu —Chun Huang, Yung-Yu Chen and Tsung-Tsong Wu,
“A room temperature surface acoustic wave hydrogen
sensor with Pt coated ZnO nanorodisignotechnology,

20, 065501, (2009).

3 T. Abe, N. lwata, T. Tsuji, T. Mihara, S. Akak,
Noguchi, N. Nakaso, D. Sim, Y. Ebi, T. Fukiura, H.
Tanaka and K. Yamanaka, “Evaluation of Response
Time in Ball Surface-Acoustic-Wave Hydrogen Sensor
using Digital Quadrature Detectordpn. J.Appl. Phys.,

46, 4726-4728, (2007).

4 K. J. Singh, N. Nakaso, S. Akao, D. Sim, T. Fukjura
Tsuji and K. Yamanaka, “Frequency-dependent serfac
acoustic wave behavior of hydrogen-sensitive naadesc
PdNi thin films”, Nanotechnology, 18, 435502, (2007).

5 L. C. Tien, P. W. Sadik, D. P. Norton, L. F. VoSs J.
Pearton, H. T. Wang, B. S. Kang, F. Ren, J. Jun and J
Lin, “Hydrogen sensing at room temperature with Pt
coated ZnO nanorods’Appl. Phys. Lett., 87, 222106,
(2005).

6 K. Kobari, Y. Yamamoto, M. Sakuma, S. Akao, Tujls
and K. Yamanaka, “Fabrication of Thin Sensitivént-i
of Ball Surface Acoustic Wave Sensor by Off-Axis 1&pi
Coating Method”, Jpn. J. Appl. Phys, 48, 07GG13,
(2009).

ICA 2010



