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1. Introduction

High sharpness (Q factors) is required for BAW
filters to prevent interference between neighboring
frequency bands. Lower dielectric and mechanical
losses in the single crystalline piezoelectric thin
films should contribute the increase of Q factors.
Fabrication methods for single crystalline
piezoelectric thin films are either the bulk crystal
slicing technique of LiNbOs; and LiTaOs'® or
epitaxial growth technique. Epitaxial growth
technique might be better in order to obtain thin

single crystalline layer in large areas of over 8§ inches.

SMR?” consists of a piezoelectric thin film on
acoustic Bragg reflector based on high and low
impedance layers. However, to fabricate SMR with
epitaxial piezoelectric layer, usual bottom-up
process is difficult to be employed due to the
amorphous SiO; in a low acoustic impedance layer.

In this study, we report SMR with epitaxial SCAIN
or MgZnO piezoelectric layer based on epitaxial
acoustic Bragg reflector.

2. Fabrication of full-epitaxial SMR

All epitaxial thin films were grown by RF
magnetron sputtering. First, the acoustic Bragg
reflector based on 5 pairs of epitaxial (0001) Ti /
(111) Pt or 6 pairs of epitaxial (0001) ZnO / (111) Pt

was grown on (0001) sapphire substrate, respectively.

Next, (0001) ScAIN or (0001) MgZnO piezoelectric
layer was epitaxially grown on epitaxial acoustic
Bragg reflector, respectively. Fig.1 shows cross
sectional SEM images of epitaxial SCAIN SMR.

3. Crystal orientation

The crystal orientation of epitaxial thin films was
determined by X-ray diffraction (X'Pert PRO,
PANalytical). As shown in Fig.2, we can observe
clear six symmetry in the (1011) ScAIN pole
ﬁgures Of SCo,43Alo,57N SMR and SCo,zoAlo,goN SMR.
This indicates that epitaxial ScAIN piezoelectric
layers on epitaxial acoustic Bragg reflector were
fabricated.

4. Impedance characteristic

Impedance characteristic of full-epitaxial SMR was

measured by a network analyzer (E5071C, Keysight
Technologies). Resonance-antiresonance peak was
observed around 1.8 GHz in the impedance
characteristic of epitaxial Sco43Alos7N SMR based
on 5 pairs of Ti/Pt (Fig. 3(a)). As shown in Fig. 3(b),
we can see resonance-antiresonance peak of
epitaxial Sco20AlpsoN SMR based on 6 pairs of
ZnO/Pt around 2.1 GHz. Effective
electromechanical coupling coefficient kex® of
epitaxial Sco43Alos57N SMR and Sco20AlosoN SMR
was determined to be 13.6% and 3.1% by resonance-
antiresonance method®, respectively.
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Fig. 1 Cross sectional SEM images of full-epitaxial SMR
(a) Sco.43Alp.57N SMR based on 5 pairs of Ti/Pt
(b) Sco.20Alo.30N SMR based on 6 pairs of ZnO/Pt
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Fig. 2 (1011) pole figures of ScAIN piezoelectric layer

(a) Sco43Alp57N SMR based on 5 pairs of Ti/Pt
(b) Sco.20Alp.30N SMR based on 6 pairs of ZnO/Pt
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Fig. 3 Impedance characteristic of full-epitaxial SMR

(a) Sco.43Alo.s7N SMR based on 5 pairs of Ti/Pt
(b) Sco.20Alo.80N SMR based on 6 pairs of ZnO/Pt

5. Conclusion

SMR with epitaxial SCAIN or MgZnO piezoelectric
layer based on epitaxial Ti/Pt or ZnO/Pt acoustic
Bragg reflector was characterized. Epitaxial ScAIN
and MgZnO piezoelectric layers show good crystal
orientation and clear six-fold symmetry. kes® of
epitaxial Sco43Alo57N SMR and Sco20AlpsoN SMR
was determined to be 13.6% and 3.1% by resonance-
antiresonance method, respectively.
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