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ABSTRACT

Bragg reflector type FBAR was fabricated on the Si(100) substrate. We measured a frequency response of the resonator at 5.2 GHz
and analyzed it by numerical calculation considering actual acoustic losses of each layer in the structure. We fabricated nine layer
Bragg reflector of W-5i0, pairs using r.f. sputiering method and fabricated AIN piezoelectric and Al electrodes using pulsed dc
sputtering. The return loss(S;;) of the fabricated Bragg reflector type FBAR was 12dB at 5.38 GHz and the series resonance
frequency(f;) was 5.376 Gz and the parallel resonance frequency(f;,) was 5.3865 GHz. Effective electro-mechanical coupling constant
(Keffz) and Quality factor(Q;). the Figures of Merit of the resonator, were about 0.48% and 411, respectively. We extracted acoustic
parameters of AIN piezoelectric and reflection coefficient of the Bragg reflector by numerical calculation. We could know that material
acoustic impedance and wave velocity of AIN piezoelectric decreased for intrinsic value and the electromechanical coupling
constant(K,) value was very low owing to the poor quality of the AIN piezoelectric. Reflection coefficient of Bragg reflector was
0.99966 and reflection band was very wide from 2.5 to 9.5 GHz.
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Table 1. Deposition Conditions of W and SiQ, Thin Films by RF
Magnetron Sputtering System

Conditions
Parameters
W 510,
Target Material/Size Wi4" Si0,/4"
Base Pressure >5.0% 10° Torr| »5.0x 10° Torr
Working Pressure 1 mTorr 1 mTorr
Gas Flow Rate Ar=30 sccm A1/0,=36/4 sccm
RF Power 150w 250 W
Distance between Target
and Substrate & 6.5cm 6.5 cm
Substrate Temperature | 300°C RT

Table 2. Deposition Conditions of Al and AIN Thin Films by
Pulsed DC Sputtering

Conditions
Parameters
Al AIN
Target Material/Size Al2"
Base Pressure 5.0 107 Torr | >5.0x 107 Torr
Working Pressure 5 mTorr 3 mTorr
Gas Flow Rate Ar=10 sccm Ar/N,=8/2 sccm
Pulsed DC Power 30W 150W
Duty Cycle 90% 90%
Pulse Frequency 100 kHz 100 kHZ
Distance between Target 6 cm 6 cm
and Substrate
Substrate Temperature RT RT
(a) Al sigraal plane
AIN €
Al ground plane
(D) A —————
BR
9 layers
(810,-W)

Fig. 1. Schematic representation of the Bragg reflector FBA
Rstructure: (a) Top view and (b) Cross sectional view.
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Table 3. Acoustic Parameters of Each Material in the Structure
Used in the Design of the Bragg Reflector FBAR”

i [t o 7 e it 7
¢ GPa)| Gg/m) | e | (10°kgms)
AN | 395 | 3260 11007 36
Al | U0 | 2700 6332 7
W | 526 | 19400 5207 101
(;f;i) 45 2250 4472 10
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Fig. 2. Crystal structure and microstructure of the Bragg
reflector FBAR fabricated on Si(100) substrate: (a) X-
ray diffraction pattern and (b) Cross-sectional SEM
micrograph.
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Fig. 3. The measured return loss (S);) of Bragg reflector
FBAR: (a) Narrow band response and (b) Wide band
response.
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Fig. 4. The input electrical impedance of the Bragg reflector
FBAR: (a) Narrow band response and (b) Wide band
response.
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Table 4. Attenuation Constant (o) of Each Layer in the Structure
Used in Calculation of the Input Impedance of the

A

Table 5. Comparison of Acoustic Parameters of the Piezo-
electric AIN between Bulk Value and Calculated Value

; 4)
Bragg Reflector FBAR Bulk values |Calculated values
Attenuation Constant, ¢[dB/us], at 1 GHz Material Acoustic Tmpedance
: 6 2 6 2
AIN 5 @) 36 x 10°kg/m’s[ 33.4 x 10°kg/m’s
Al 13.63 Acoustic Wave Velocity () 11007 mv/s 10210 m/s
w 0.14 Dielectric Constant (g,) 3.5~12 9.56
510, 43.86 Electromechanical Coupling 6,49 0.49%
B (7 g (7]
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Fig. 5. Measured and calculated frequency response of the
Bragg reflector FBAR: (a) Input electrical impedance
and (b) Phase of input electrical impedance.
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Fig. 7. Caiculated reflection coefficient of Bragg reflector: (a)
Narrow band and (b) Wide band.
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