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Abstract: In order to achieve the performance requirements of piezoelectric acoustic Lame wave sensor
with high quality factor (Q factor), low limit of detection (LOD) and easy integration, a method was
presented in the paper. First, an ultrathin and uniform 2 pm-thick silicon substrate was obtained by
dry etching of handling silicon layer and automatic stopping of boxing layer based on SOI (Silicon-on-
insulator) wafer, and then a 2 pm-thick Aluminum Nitride (AIN) piezoelectric thin film with high C

axis oriented was deposited. High Q factor could be obtained by the double end reflectors outside the
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membrane. The LLOD could be effectively reduced by using the resonator, and could be verified by the

application of trace moisture detection. The experimental results of the lowest anti-symmetric mode

(Ay) and symmetric mode (S,) were consistent with the simulation results obtained by using software

CMOSOL. The prominent peak value of Q factor of the resonator for Ay, mode was 703, and S, was
403. The limit of detection of S, mode was better than that of A, mode, whose LOD was 0. 06 % RH.

It can be concluded that LLamb wave resonator designed in the paper can be utilized as the high preci-

sion detection such as trace moisture detection.

Key words: piezoelectric resonator;thin film Lamb wave; AIN; SOI silicon wafer; quality factor; trace

moisture detection
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(b) Schematic diagram of electrode layout for Lamb
wave resonator
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Fig. 1 Schematic view of LLamb-wave resonator with

double end reflection
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Tab.1 Physical properties of adopted materials

MOBHREME IR E E/GPa AL v % o/ (kg * m™)

Si 190 0.23 2330
SiO; 70 0.2 2200
Mo 329 0.31 10280
AIN [C] 0.3 3260
Au 78 0. 44 19320

e s LCTA 22 A 3o 07 ZUR 9 AIN 69 9 6 . 3 o
[Cii=410.16, C;,=100.69, Ci; =83.82, Cyy =386.24,
Ciy=100. 58, Css=154.70]X10" N/m?*"'"]

200
180F
160} e Ry ra
E 140} Ag
= L
= 120F (== P == i S
¥ - -
= S
5 100f 0
=
:g

Frequency/MHz

[ 2 Lamb 314 #5 05 A =0 R
Fig. 2 Simulation of mode properties of Lamb wave

resonator
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Fig. 3 Main fabrication process of Lamb wave re-
sonator: (a) SOI cleaning with thickness of
2/2/400 pm; (b) 0.2 pm Mo electrode depo-
sition as ground; (c¢) 2-pm-thick AIN piezoe-
lectric thin film deposition and patterned;
(d) IDTs and reflectors deposition and pat-
terned; (e) protection of side of IDTs with
photo-resist (PR); (f) backside silicon dry
etching with PR mask; (g) removal of SiO;,
boxing layer by HF.
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Fig. 4 Lamb wave resonator characterized by SEM
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Fig. 6 Transmission spectra of Lamb wave resonator

without and with MWNTs coating
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Fig. 7 Scheme and devices for humidity detection
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(b) Linear graph of frequency shifts under different
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Fig. 8  Measured frequency shifts under different

concentrations of moisture in Ay mode
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(b) Linear graph of frequency shifts under different
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Fig. 9  Measured frequency shifts under different

concentrations of moisture in Sy mode
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