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SAW filter manufacture and piezoelectric materials eva-
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In this paper, the silver nanoparticle ink and ink-jet printing technology are used to manufacture the surface acoustic

wave (SAW) filters. The characteristics of three common substrate piezoelectric materials of ST-quartz, Y36° -LiTaO;
and Y128°-LiNbOj; are evaluated. The experimental results show that Y128°-LiNbO; matches the ink much better than
others. The printed SAW filter with Y128°-LiNbO; as piezoelectric substrate is realized, and its center frequency and

bandwidth are 18.4 MHz and 500 kHz, respectively.
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Printed electronics (PE) is a rapidly developing field. Both
organic and inorganic materials are used for printed elec-
tronics!"™®). In the field of the organic materials, a lot of
methods have been proposed to prepare organic field-ef-
fect transistors (OFETs) and organic light-emitting diodes
(OLEDs). In 2013, a fast-switching organic electro-
chemical transistor was implemented with all-printed
technologies!”’. And Baeg et al® have printed both
p-type and n-type OFETs, with which high-performance
inverters and various digital logic gates, such as NAND,
NOR, OR and XOR, are realized on flexible plastic sub-
strates. The organic materials were also used to print
matrix addressed display™'”. One of the most used in-
organic materials is metal nanoparticle ink which offers
lower conductivity. For example, silver nanoparticle ink
has been widely used for manufacturing radio frequency
identification (RFID) tags. In 2014, Henrik A. Anders-
son!" investigated hybrid printed electronics, where
components of regular surface mount technology (SMT)
are mounted on printed flexible substrates to achieve
high functionality at a low cost.

In this paper, applying PE technology to manufacture
the surface acoustic wave (SAW) devices is proposed.
There are two reasons for applying PE. Firstly, the struc-
ture of SAW filter is simple, which is mainly composed
of a piezoelectric substrate and a flat metal with particu-
lar pattern on the top. Secondly, the PE technology is
good at defining patterns on substrates, and the metal
nanoparticle ink has been widely used for printing con-
ductive layers. Compared with the conventional proc-
esses, such as sputtering, evaporation and lithography,
the PE technology has many advantages, namely, the

equipment for PE is not very expensive, no waste water
or gas is generated, and the process is much simpler.

The SAW filter, which is one kind of typical SAW de-
vices, is chosen to be fabricated with PE technology in
this paper. The main part of SAW filter is the interdigital
transducer (IDT) as shown in Fig.1(a). In order to sim-
plify the design, the width of electrodes @ and spacing
between electrodes b are equal to each other, i.e., a=b=50
um. The parameter w which means the width of aperture
is designed as 4000 um, and the distance between two
IDTs is 6000 um. Each IDT has 30 pairs of interdigital
electrodes. Fig.1(b) shows the full view of the SAW fil-
ter’s layout.

In the printing procedure, the substrates should be
cleaned with acetone solution, then the pattern of IDT is
printed with ink-jet printing machine and silver
nano-particle ink, and lastly the printed devices are
heated in a convection oven at 120 °C for 5 min.

Furthermore, the characteristics for three substrate
materials of ST-quartz, Y36°-LiTaO; and Y 128°-LiNbO;
are evaluated. All substrates with thickness of 0.43 mm
are polished on one side. Since different kinds of sub-
strates have different surface energy, their printing per-
formances have obvious difference. Fig.2 shows the im-
ages of printed SAW filters with three kinds of sub-
strates.

Because the surface energy of the substrates with
ST-quartz and Y36°-LiTaO; does not match the ink, the
printed pattern on the substrate of ST-quartz shrinks ob-
viously to several droplets as shown in Fig.2(a), and the
edges of the printed electrodes are not clear on the
Y36°-LiTaO; as shown in Fig.2(b). However, the pattern
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of the IDT is clear in Fig.2(c), which indicates that the
substrate of Y128°-LiNbO; matches the ink very well.
Fig.3 shows the photo of the completed printed SAW
filter on the substrate of Y128°-LiNbOs.
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(a) The structure parameters in IDT

(b) The full view of IDT

Fig.1 The detailed drawing and AutoCAD drawing of IDT

(b) With LiTaOs; as substrate

Fig.2 The microscope images of printed SAW filters
with different substrates
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Fig.3 The photo of the printed SAW filter on the sub-
strate of Y128°-LiNbO3
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Then the performance of the SAW filter with LiNbO;
as substrate is carefully investigated. In the first step, the
electrodes of IDT are measured by electrical conductivity
test. The experimental results show that the positive and
negative inputs of the same IDT are not affected mutually,
which indicates that the adjacent electrodes do not
cross-connected.

In the second step, the amplitude frequency response
of the SAW filter is simulated and measured. Based on
the J function model of SAW filter, the center frequency
is calculated as

f0=V5AW/4a. (1)

The speed of the SAW spreading on the surface of
Y 128°-LiNbOj; is about 3960 m/s. According to the pa-
rameters of the IDT given in Fig.1(a), the center fre-
quency of the printed SAW filter can be calculated as
19.6 MHz. The simulation result of amplitude-frequency
characteristic of the filter is shown in Fig.4.
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Fig.4 The simulation result of amplitude-frequency
characteristic of the SAW filter

The simulation results show that the pass-band is
about 18.0-18.5 MHz, the insertion loss of the pass-band
is around 10.0 dB, and the minimum attenuation of the
stop band is almost 30.0 dB.

With a signal source and an oscilloscope, the actual
amplitude-frequency response of the printed SAW filter
is tested. During the test, the signal source generates a
sinusoidal wave signal with frequency f'and amplitude 4.
This signal is sent into the SAW filter, and then the am-
plitude of output signal 4’ is measured by oscilloscope.
The gain of the SAW filter at the frequency of f can be
calculated as A'/A. As the signal source sweeps the band
of the frequency, the amplitude-frequency characteristic
of the SAW filter can be obtained. The measured result is
shown in Fig.5.

The pass-band frequency of the SAW filter is
18.15-18.60 MHz, the maximum attenuation of
pass-band is about 10.0 dB, the bands of transition in
17.60-18.00 MHz and 18.50-18.70 MHz are steep, and
the minimum attenuation of the filter in stop-band is
about 40 dB. The measured results are consistent with
the simulation results shown in Fig.4.
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Fig.5 The measured amplitude-frequency characteris-
tic of the SAW filter

In conclusion, the PE technology can be applied to
manufacture the SAW devices, the substrate of
Y 128°-LiNbO; matches the silver nanoparticle ink very
well, and the printed SAW filter on the substrate of
Y128°-LiNbO; has great performance. Although the
simulated result and the measured result agree very well,
the characteristic of the filter is not so good, which is
mainly due to the characteristic of the prototype of the
designed SAW filter is not perfect. In the further research,
the design of SAW filter for PE technology should be
focused.
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