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Abstract—This work reports an acoustic delay line (ADL)
based on aluminum scandium nitride. In order to reduce the
fabrication difficulty and AlScN defects at the bottom electrode
edges, a floating bottom electrode is utilized in this acoustic
delay line design. ADLs are fabricated with up to 200 pm flat
delay gap by Alo7ScosN and AIN thin film. The increase of
piezoelectric coefficient resulting from the 30% Sc doping
enhances the electromechanical coupling by more than a factor
of 2, compared to AIN. This design achieves an insertion loss of
sub-6db without patterned bottom electrodes. With Alo.7ScosN
thin film, an insertion loss of 5.8 dB and a fractional bandwidth
(FBW) of 6.0% are obtained at 650 MHz. Compared to the same
design AIN device, insertion loss reduced by 27% and fractional
bandwidth increased by 9%. This design gives an alternative to
low-loss ADLs which does not require consideration of
alignment between top and bottom layers.

Keywords—Acoustic delay lines (ADLs), Aluminum scandium
nitride (AIScN), Aluminum nitride (AIN), Lamb wave,
Unidirectional transducers.

I. INTRODUCTION

Acoustic delay lines (ADLs) based on bulk materials such
as lithium niobate demonstrates broad applications in RF
filtering[1]{3], Oscillators[4] and sensors[5], [6]. Single-
phase unidirectional transducers (SPUDT) based on
Aluminum nitride (AIN) have demonstrated low insertion loss
(IL) and a tunable wide range delay and fractional bandwidths
(FBW)[7]. The sputtered aluminum nitride (AIN) based ADLs
can be simply combined with different material platforms,
significantly expanding the application prospects of ADLs.
Compared to materials commonly used in SPUDTs, AIN has
the advantage of compatibility with CMOS processes and
higher power capacity.

There has been much work demonstrating the performance
enhancement of Sc doping on AIN resonators[8]-[11], energy
harvesters[12] and sensors[13]. The appearance of Sc-doped
AIN is promising to improve the performance of AIN-based
SPUDT. On the one hand, AlIScN films with 30 % Sc
concentration can obtain a d3; enhancement of nearly 3 times.
On the other hand, AIScN films with a smaller spring constant
leading to a larger acoustic impedance difference between the
free surface and the metallized surface can enhance the
reflection coefficient of UDT cell. The AlScN-based SPUDT
ADL has demonstrated lower losses which utilize the IDTs
both on bottom and top compared to the AIN[14]. However,
AlScN is more difficult to deposit than AIN, and abnormal
orientation grains can be generated due to local enrichment of
Sc. These grains, which do not contribute to the piezoelectric
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Fig. 1. Schematic of an Aly;Sco3N/AIN-based SPUDT ADL with
floating bottom electrodes. The dimensions of the devices are shown in
Table L.

TABLE I DESIGN PARAMETERS OF ALSCN ADLS
Parameters Value Parameters Value
Wavelength A (um) 9.6 Electrode width (um) 3
Number of cells 5 Al thickness (nm) 200
AIN\AIScN
Gap length (um) 50-200 thickness (nm) 1000
Aperture width (um) 100 Pt thickness (nm) 100

effect, can lead to degradation of device performance. At the
same time, these grains will be abundantly present at the edges
of the patterned bottom electrode. This work is dedicated to
demonstrating an ADL design with lower fabrication
difficulties.

In this work, we report the SPUDT ADL based on
Alp7ScosN thin films. By optimizing the sputtering process
of the films, high crystalline quality Aly7Sco3N films with a
low residual stress are obtained. The S, Lamb-wave
Alp7ScosN SPUDT with a gap of 50-200 um obtained a delay
of 11.7-29.9 ns with 3-dB FBW of 6 %. The center frequency
is 649 MHz and the minimum IL is 5.8 dB. Meanwhile, the
velocity of the So lamb wave of the Alp7ScosN film is
extracted as 8604 m/s.

II. AcousTiC DELAY LINE DESIGN

The design of the SPUDT is shown in Fig. 1. In order to
use both lateral and vertical electric fields to excite the SO
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Fig. 2. Optical images of Aly7Sco3N ADLs with gap lengths of (a) 50 um,
(b) 100 pm and (c) 200 um.

mode more efficiently, IDTs are arranged above the
suspended AIScN film and floating electrodes are arranged
below. As shown in Fig 1, the unit cell consists of one signal
electrode, two ground electrodes and a bottom floating
electrode. The lateral electric field exists between the signal
electrode and the adjacent ground electrode, while an
alternating vertical electric field exists between the two and
the bottom floating electrode. The ground electrode at the
edge mainly plays the role of reflection. The right side of the
cell is forward direction of the UDT. The length of cells is 2A.
The gap and width of the three pairs of electrodes are 5/16A.
The gap between center of electrodes and the transducer
center is A/4. The two ground electrodes are set as reflections
to produce unidirectionality.

Due to the enhancement of the piezoelectric coefficient of
AIN by Sc doping, Alop7ScosN thin film has 2.8 times the
electromechanical coupling coefficient (K?) of AIN which
gives a wider design space to ADLs. Unlike other electrode
pairs design for cross-field excitation, floating flat bottom
electrodes are used. Flat floating electrodes on one hand
avoid alignment between top and bottom electrodes. On the
other hand, a large number of defects generated by AIScN
grown on the edges of the patterned bottom electrodes have
been reported. The flat bottom electrode solves this problem.
Low loss and wide bandwidth are obtained due to the use of
efficient SPUDT design and Alp7Sco3N thin films. Insertion
loss becomes larger as the gap length increases. Since the
number of cells is fixed, there is no significant change in
fractional bandwidth. The number of cells affects the number
of acoustic reflections and the unidirectionality of the
transducer, which has an impact on the fractional bandwidth
and insertion loss.

III. RESULT AND DISCUSSION

The fabrication process based on Aly7Sco 3N of the devices
has been reported in [15]. 1 um thick Alo.7ScosN thin film was
deposited using a pulsed DC magnetron reactive sputtering in
the EVATEC CLUSTERLINE® 200 MSQ with single 4-inch
Alo7Sco 3 alloy target. As shown in Table 1, 100 nm Pt was
used as the bottom electrode, and the AIScN grown on Pt has
better quality, compared to Si and Mo. 200 nm Al for top
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Fig. 3. Measured insertion loss of the 5-cell ADL with different lengths of
gaps (50-200 pm). (a) Alp7ScosN, (b) AIN.

electrodes can reduce the resistance of the routing. Figs. 2 (a)-
(c) show three fabricated SPUDT ADL with the gap length of
50 um, 100 pm and 200 pm, respectively. The design
parameters of the devices are shown in Table 1. For
comparison, AIN ADLs with the same design and parameters
are also fabricated.

Keysight PNA-L N5234B network analyzer with a 200
um pitch RF probe was used to characterize the device
frequency response. Fig. 3 shows the influence of different
gap lengths on the insertion loss (IL) of the 5-cell Aly7Sco3N
ADLs design with comparison to the same design of AIN
devices. As indicated in Fig. 3 (a) and Fig. 3 (b), a minimum
IL of 5.8 dB and an FBW of 6.0% were obtained at a gap
length of 50 um with Alp7ScosN film, while the AIN device
shows a minimum IL of 8.0 dB and FBW of 5.5%. The
Alp7Sco 3N ADLs are matched to 182.6+j882.4 Q. Compared
to AIN, the 30.5% reduction in the real part significantly
reduces the difficulty of impedance matching.

Fig. 4 (a) indicates that the Aly7Sco3N ADL possesses a
propagation loss of 11.8 dB/mm. The group delay measured
from 50-200 um gap Alo7Sco3N ADL are 11.7,21.4 and 29.9
ns, respectively. The extracted group velocity of 1 pm
Alo7Sco3N ADL is approximately 8604 m/s as shown in Fig.
4 (b). The group velocity of Aly;ScosN is lower than the pure
AIN due to the lower Young’s Modulus with Sc doping,
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Fig. 4. (a) Group delay with 5-cell Aly7Sco3N ADLs and A of 9.6 pm. Gap
length varies from 50 um to 200 um. (b) Extracted insertion loss.

leading to a relatively longer delay at the same propagation
length.

IV. CONCLUSION

In this work, we demonstrate unidirectional Aly7ScosN
ADLs with floating bottom electrodes. The fabricated
Alp7Sco3N ADL achieves a low IL of 5.8 dB and an FBW of
6.0 % at a center frequency of approximately 650 MHz. The
coupling coefficients improvement by Sc doping enhance the
overall performance compared to the AIN ADLs. The
extracted group velocity of Aly7Sco 3N is 8604 m/s. This work
proposes a more easily fabricated ADL design for signal
processing and sensing.
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