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Abstract. The results concerning to study of possibility to produce
electrode structure of acoustic delay lines by using inject printing method
are presented. The investigation of morphologic and structure
characteristics of electrode structure produced has been carried out. The
possibility of excitation of plate acoustic waves characterized by high
value of electro-mechanical coupling coefficient by such acoustic delay
lines has been demonstrated.

1 Introduction

It should be noted that in recent years there has been a surge in interest in the possibility of
creating printed electronics in order to improve operational characteristics and expand the
functionality of the developed devices [1]. Printing can be performed on both rigid and flexible
substrates [2, 3], and can also be used to create three-dimensional structures [4, 5]. The
InkPrint process can be carried out at room temperature while it is potentially suitable for the
production of large-area electronic components [6]. This technology makes it possible to
create high-performance and simple thin-film solar cells, and it is already used for printing
radio-frequency identification tags, components of sensors, antennas, and batteries [7-9]. It is
possible to consider InkPrint technology as a replacement for lithographic methods that are
widely used in silicon electronics. These methods require a large number of technological steps
and they are presented very expensive technology. Ink materials based on metals such as gold
(Au), silver (Ag) and copper (Cu) are usually used as materials for InkPrint technology. Some
of the most promising materials are Ag nanoparticle inks. This is connected with its resistance
to oxidation, good electrical conductivity (one of the highest of all metals) and price (much
cheaper than Au) [10-13]. This work shows the possibility of using the inkjet printing method
to create acoustic delay lines on a lithium niobate substrate.

2 Objects for investigation and experimental technique

2.1 Nano-ink

Silver nano-ink produced by Akkolab (Moscow, Russia) was used as ink. The viscosity of
the ink was 15-25 pPass, particle concentration 15-20 wt % with a size of 10+2 nm. Figure
1 shows a micrograph of particles.
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Fig. 1. SEM image of Ag nanoparticles.

2.2 Sample preparation

The electrode structures were formed by inkjet printing using a Dimatix DMP-2831 printer
(Fujifilm USA), equipped with a piezo-head cartridge with 16 nozzles that emit droplets
with a volume of 10™ I or more. To study the possibility of exciting acoustic waves using
printed electrode structures delay lines (DL) with IDT parameters calculated for lithium
niobate YX were formed on the surface of lithium niobate substrates. The IDT was oriented
in the direction of the X axis. The IDT parameters are presented in Table 1. The aperture of
the electrodes, in both cases, was 7.5 mm. The thickness of the substrate was 380 um. To
remove residual organic solvent, after printing, the resulting structures were annealed at a

temperature of 200°C.
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Table 1. Geometric parameters of printed delay lines

Distance .
Crystgl The ngmber Pin width, | between Distance
orientation, of pairs of mkm pins between
LiNbO; electrodes | > IDT, mkm
YX 4 300 330 3030

The Figure 2 shows the delay line pattern (a) and a photograph of the printed delay line (b).
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Fig. 2. Patterns of delay lines for lithium niobate crystal orientation YX (a) and corresponding photo

with detailed inset (b).

2.3. Sample characterization

The morphology of the sample was studied using a scanning electron microscope (SEM)
Mira II (Tescan, Czech Republic). The images were obtained using a secondary electron

detector.
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The electrophysical properties of printed electrode structures were measured using an
Agilent BI500A instrument in combination with a PM-5 probe station (Cascade
Microtech).

After printing and annealing the delay lines gold wires with a diameter of 25 um and a
length of 30 mm were glued to the pads using the Silver Print conductive glue (Figure 3).
This plate was fixed and connected to the four-terminal analyzer E 5061 B (Keysight).
Then an alternating voltage of 300 mV was applied to the IDT.

Fig. 3. The photo of ink-printed delay line formed as chip.

3. Investigation results

A SEM image of the surface and cleavage of the sample is shown in Figure 4. It can be
seen that the electrodes consist of agglomerates of nanoparticles “soldered” to each other,
of the size of about 100 nm.

Fig. 4. SEM images of surface (a) and cleavage (b) of the sample.

The resistivity of the resulting electrode structure was 0.59 pQ-m that is six times higher
than the resistivity of the bulk material (0.104 pQ-m) [14].

Figure 5 shows the frequency dependence of the parameter S,; of the produced delay
line. It is seen that the created delay line supports the propagation of several types of
piezoelectric acoustic waves of zero and higher orders.

Thus, the possibility of using inkjet printing technology to create interdigital transducers
(IDT) for the implementation of acoustoelectronic devices on waves in the plates has been
demonstrated. It was shown that the resulting printed electrode structure of the delay line
makes it possible to excite acoustic signals, including those characterized by low excitation
and propagation losses. This study is an important step in creating flexible
acoustoelectronic devices.
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Fig. 5. Frequency dependence of the parameter S;; of the delay line based on YX LiNbO3 plate.
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