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A Study of the Fabrication and Enhancement of Film Bulk Acoustic Wave
Resonator using Two—Step Deposition Method of Piezoelectric Layer.
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Abstract - The 2 @ film bulk acoustic wave resonator(FBAR), one of the most necessary device of the next generation
mobile communication system, consisted of solidly mounted resonator(SMR) structure using Bragg reflector, was
researched in this paper. The FBAR applied SiO: and W had large difference of the acoustic impedance to reflector, Al
to electrode and ZnO to piezoelectric layer. Specially, the FBAR applied the two-step deposition method to improve the
c-axis orientation and increase reproducibility of the fabrication device had good performance. The electrical properties of
plasma such as impedance, resistance, reactance, V,, I, VSWR and phase difference of voltage and current, was
analyzed and measured by RF sensor with the variable experiment process factors such as gas ratio, RF power and base
vacuum level about concerning the thickness, c-axis orientation, adhesion and roughness. The FBAR device about the

optimum condition resulted reflection loss(Sy) of -17 dB,

resonance frequency of 193 @k, electric-mechanical

coefficient(kesr) of 2.38 % and quality factor of 580. It was seen better quality than the common dielectric filter at present
and expected on business to the filter device of 2 Gk bandwidth with the MMIC technology.
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Fig. 1 Fabrication flow chart of FBAR device.
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Table 1 Deposition condition of refiector, piezoelectric laver and electrode using RF magnetron sputtering.

Z&z3 w Si02 ZnO Al-Cu(3%)
target 5N, 4 inch 5N, 4 inch 5N, 4 inch 5N, 4 inch
2712% 2~6x10"° Torr 2~6x10"° Torr 2~6x10"° Torr 2~3x10® Torr
working gas Ar Ar Ar/0x(25~75%) Ar
22 3~20 mTorr 12~20 mTorr 5~20 mTorr 3 mTorr
RF power 100~230 W 150~270 W 100~300 W 180 W
NBEE room temp. room temp. room temp. room temp.
7133 target Abol A 125 cm 125 cm 8~10 cn 125 cm
7199 ALE 15 tpm 15 rpm 15 rpm 15 rpm
thickness 7000 A 7000 A 14000 A 1500 A
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Fig. 2 Rocking curve of ZnO piezoelectric layer according
to deposition method.
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Fig. 3 Variation of ZnO growth rate according to RF
power.
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Fig. 4 XRD measurement result of ZnO layer according
to RF power.
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Fig. 5 Variation of ZnO growth rate according to working
pressure.
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Fig. 6 XRD measurement result of ZnO layer according
to working pressure.
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Fig. 7 Variation of ZnO growth rate and FWHM according
to ArfO2 gas ratio.
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Fig. 11 SEM view of W layer according to RF power
and working pressure. .
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Fig. 12 AFM measurement result of SiO» layer when RF
power was (a) 160 W and (b) 230W.
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Fig. 13 SEM cross-sectional view of reflector.
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fo resonance area.
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Fig. 15 Resonance property of FBAR device on smith
chart.
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Fig. 16 Return loss property of FBAR device according to
frequency.
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