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ABSTRACT

In this paper, we present the integration and fabrication of innovative phononic
crystals integrated with two sets of interdigital transducer (IDT) for frequency band
selection of surface acoustic waves (SAW). The prohibited bandwidth has been
verified by fabricating the phononic crystals between a micromachined SAW resonator
and a receiver. Both the resonator and receiver are composed of IDT electrodes
deposited and patterned on a thin piezoelectric layer. To confine the prohibited
bandwidth on the order of hundred MHz, the diameter of the circular pores in
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phononic crystals is designed to be 6 micron and the aspect ratio of each pore is 3:1.
To maximize the power transduction from IDT electrodes to SAW, the spacing
between two interdigits is one-fourth the wavelength of SAW. Specifically, the spacing
ranges from 3.4 microns to 9.0 microns, depending on the central frequency. Both
surface and bulk micromachining are employed and integrated to fabricate the crystals
as well as SAW resonator and receiver altogether. With PEG additives in the
electrobath, we successfully accomplish filling micro-level and high aspect ratio pores

in 2-D phononic crystals by copper plating.

Keywords: Phononic crystals, surface acoustic wave devices, MEMS fabrication
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Fig.1 Schematic diagram of 2D phononic crystals
in SAW micro devices
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Fig.2 Structure of 2D phononic crystals
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Table 1 Specification of silicon wafer

Diameter 100 mm
Type-Dopant P/b
Orientation (110)
Resistivity 3.0-9.0 ohm-cm

Thickness 500-550 um
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Fig.3 Process flow of 2D phononic crystals in SAW

micro devices. 1.Zinc oxide is sputtered and
patterned onto silicon substrate. 2.The ex-
posed silicon substrate is etched using DRIE
to generate two dimensional phononic cry-
stals. 3.Copper seed layer is evaporated.
The crystal pores are filled with copper by
electro plating. 4.The overplated copper is
removed. 5.Photolithography is performed
for the lift-off process. 6.Aluminum is depos-
ited and patterned as the IDT structure by lift-
off method
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Table 2 Parameters of ZnO sputtering process

Yot (Target)

Zn0 4” diameter

A5 (Gas, sccm )

Ar=84 sccm ° O2=45 sccm

stAE R H (Deposition Pressure, torr ) 3 %107
4t48sh %  (RF power, W) 150
#AH:@ & (Substrate temperature, °C ) 220
453k & (Sputtering rate, Angstrom/hr ) 2600
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*3 BREREERUHRE FRIERA2H (Wuetal, 2004)

Table 3 Design parameters of layered SAW device and phononic
crystals (Wu et al., 2004)

Configuration Parameter
Electrode Aluminum
2 (um) 280 | 248 | 216
IDT pairs 40
IDT aperture (um) 100 A
Delay line (um) 10 4
IDT thickness (A) 2000
Diameter of crystal pores, 2r (um) 6
Spacing of pores, a (um) 10
Depth of pores (pum) More than twice A
Thickness of ZnO (um) 1.5

#& 4 ICP-RIE &f22 5
Table 4 Parameter of ICP-RIE process

Recipe A (typically used for > 2um feature)
Cycle step Etching Passivation
Gas flowrate SF¢ : 130 sccm C4F8 : 80 sccm
Active time (sec) 9 8
Coil RF power (W) 533~540 (setting 600) | 533~540 (setting 600)
Platen RF power (W) 15 0
Bias (V) 350~400 0
Pressure (mtorr) 33 18~19
Sidewall Roughness (nm) 185~245 nm

&5 HEAFMIHEZH

Table 5 Parameters of thermal evaporation process

Target Copper (Density = 8.933 g/cm®)
Melting Temperature (°C) 1083
Pressure (torr) 8.0x10°
ROTA VR T4 &M kQ 25
Deposition rate (angstrom/s) 0.2
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Fig. 4 (a) Top view (b) Sectional view of pore of 2D
phononic crystals in SAW micro devices (c)
Picture of aluminum IDT
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Table 6 Electrolyte composition (mole/L) (Moffat

et al., 2000)
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cl 1x107
PEG (3400 Mw) 0
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Fig.5 Cross-sectional SEM pictures show the effect of pore-filling (a) without and
(b) with PEG additives in the electrobath
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