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Characterization of Electromechanical Properties and Mass Effect
of PZT Microcantilever
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Abstract - A micromachined self-exited piezoelectric cantilever has been fabricated using PZT(52/48) thin film. For the
application to biosensor using antigen-antibody interaction, electromechanical properties such as resonant frequency and
quality factor of micromachined piezoelectric cantilever were important factors. Electromechanical properties and resonant
behaviors of microfabricated cantilever were simulated by FEA (Finite Element Analysis) using Coventorware ™2003. And
these characterization of microcantilever were measured by using LDV(Laser Doppler Vibrometer) to compare with FEA
data. We present the resonant frequency shift of micromachined piezoelectric cantilevers due to combination of mass
loading and change of spring constant by gold deposition. Experimental mass sensitivities of microcantilever were

characterized by Au deposition on the backside of microcantilever.

Mass sensitivities with 100 x 300 m dimension

cantilever from simulation and experimental were 556 Hz/ng and 16.8 Hz/ng. respectively.
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Table 1 Gravimetric Sensitivity Comparison of Acoustic
Wave Devices[5]

. Sensitivity Sto | Minimuwn detectable
Device Frequency (MHz) (fg) |mass deusity (ng/of)
Microcantilever
01E- 10000 0.02
(? nd _'nc) 001E-5
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(distributed load)
SAW 112 151 12
QCM 6 14 10
Shear wave 104 65 10
Flexural wave | 26 951 04
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{a) Thin film deposition
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(<) Etching of Satiom Pt using RIE (d)m&mmmmmn

Pattering of cantilever window
& Back-side SiNx window

(¢} Patterning of Via hole ®
& Au deposition for electrical Pad

{6) i etching using TMAK etchant

{h) SiNx etching for releasing window
using RIE
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Fig. 1 Process sequence for fabrication of PZT
cantilever
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Fig. 3 Simulated 1st resonant frequency shift as a
function of cantilever length
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Table 2 Material properties for simulation by Coventorware™

2003
Density Young’s Residual Poisson
L34
Material Pr
ocess Gg/m® | MO | o e Mpa) | Ratio
(Mpa)
SiNx LECVD 30E-15 300E+3 50 (tensile) 0.25
. PECVD (200C) .
Sip2 Avmeal (900C) 2.3E-15 T0E+3  |300(compressive) 0.17
Sputter .
2.14E-14 145E+ .
Pt Auneal (650C) E-1. 45E+3 187 (tensile) 03
Sol-gel method .
PZT Anneal (650T) 7.5E-15 8E+3 355 (tensile) 03
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Fig. 4 Simulated 1st resonant frequency shift as a

function of Si supporting layer thickness
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Fig. 5 Simulated 1st resonant frequency shift as a
function of induced gold mass
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