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Abstract: 

Self-actuated and self read-out PZT cantilevers made of Au/PZT/Au (8x2x0.08mm
3
) beam layers on 

an alumina substrate are fabricated thanks to the association of screen-printing and sacrificial layer 

technique. Then, PZT cantilevers used as piezoelectric resonant type sensors are functionalized with 

an organic PEUT layer for toluene detection at room temperature. Due to their higher resonant 

frequency, cantilevers using the unusual 31 longitudinal vibration mode have higher sensitivities 

(0.047Hz/ppm) than those actuated with the classical flexural mode. These interesting results 

demonstrate the potentialities of printed PZT cantilevers for gas detection. Their performances are 

compared with those of silicon cantilevers. 
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Introduction 

For a few decades, cantilever based sensors 
have been attractive for gas sensing because of 
their high sensitivity at room temperature [1,2]. 
To perform detection of chemical compounds, 
specific sensitive layer is prior deposited on the 
cantilever to trap the different species. This 
phenomenon, which affects the cantilever 
mass, may induce both bending rigidity and 
surface stress changes. These mechanical 
modifications find expression in static or in 
dynamic modes respectively by curvature or 
resonance alterations [3]. Polymers are often 
used as sensitive layers for the detection of 
VOCs because adsorption is completely 
reversible. A wide range of polymers are 
employed for this purpose: PEUT, PDMS, PVA, 
PEI, PVP, PA, PMMA… [4,5]. More recently, 
silicon cantilevers have been functionalized with 
inorganic coatings like zeolite [6]. Generally, the 
resonating cantilevers used for sensing are  
actuated with flexural mode. However, a better 
sensitivity is obtained with the “in-plane” 31 
longitudinal mode resonating at higher 
frequency than the transverse flexural modes of 
the classical Si cantilever having the same 
dimensions. We, thus, expect better sensitivity 
without reducing both the cantilever size and 
the gas interaction surface. In order to generate 
31-longitudinal mode, screen-printed PZT 
cantilever with symmetric geometry is 
fabricated thanks to the association of the low 
cost screen-printing technology with the 

sacrificial layer method. Conversely to silicon 
cantilevers, these new types of entirely screen-
printed multi-layered PZT cantilevers integrate 
both actuation and self read-out for sensing 
applications, and thus don’t need any added 
piezoresistance or optical device. In this paper, 
fabrication and characterization of PEUT-
functionalized screen-printed PZT cantilevers is 
studied. Detection of toluene at room 
temperature is discussed and compared with Si 
cantilevers’ performances, either coated with 
organic or inorganic layers. 

Screen-printed PZT cantilevers fabrication 

The self-actuated 8x2x0.1 mm
3
 piezoelectric 

cantilever is realized through screen-printing 
deposition associated to a sacrificial layer [7]. It 
is composed of a PZT layer between two gold 
electrodes (Fig.1). 

 

 

Fig.1: Scheme of the Au/PZT/Au screen-printed 

cantilever (80μm thick) 

The sacrificial layer is first deposited on the 

substrate and polymerized at 120°C. Then, 
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bottom electrode, PZT layer and top electrode 

are printed successively after drying at 120°C 

during 20min between each deposition (Fig.2a-

c). To improve densification before firing, the 

dried layers are isostatically pressed 1min at 

1kbar. The samples are then fired 2 hours at 

900°C in air atmosphere. Finally, dissolution of 

sacrificial layer is performed in the 0.9mole.l
-1

 

H3PO4 aqueous solution. Au/PZT/Au cantilevers 

shown on Fig.2.d are then poled at 550K with 

an electric field of 5kVcm
-1

. From the porous 

PZT layer SEM analysis, a 70% compacity is 

estimated with an image calculation (Fig.2.e).  

Screen-printed PZT cantilevers 
characterization and fictionalization  

Electrical measurements of poled samples 

are carried out with an impedancemeter HP 

4194A. They confirm the presence of “in‐plane” 

31-longitudinal mode (resonant frequency 

fr,3162-64kHz and quality factor Q170-200 for 

the 1
st
 31-longitudinal mode) and, thus, the 

cantilevers’ piezoelectric behavior. The multi-

layered symmetry does not favor piezoelectric 

actuation of bending modes which can only be 

detected with optical measurements 

(displacements of few hundreds of pm). High 

resonant frequencies and good quality factors  

measured for first and second “in-plane” 31-

longitudinal mode justify their choice for gas 

sensing. These modes, easily recordable by 

impedance analysis, show the PZT cantilever 

ability for actuation/sensing with low power 

consumption. 

Fig.2. Fabrication and flow chart of the PZT 

cantilever (a) thick-film deposition of sacrificial layer; 

(b) multi-stage screen-printing Au/PZT/Au; (c) 

sacrificial layer elimination with H3PO4; (d) photo of 

8x2x0,08mm
3
 piezoelectric cantilever; and (e) SEM 

picture of multi-layered structure Au/PZT/Au. 

PEUT (PolyEtherUreThane) is chosen 

because of its good partition coefficient to 

toluene (K=1610), and sprayed on the surface 

of the cantilevers (thickness~30μm) for toluene 

detection. This PEUT mass modifies the 

resonance frequency of the cantilever as 

confirmed by electrical measurements before 

and after deposition (tab.1). Using eq (1) [8] 

(with neglecting a stiffness change, the 

experimental shift has been compared with the 

theoretical one. Results confirm that the mass 

effect is predominant (tab.1). 

    
   

 
   

   

 
 
   

  

 
   

  

  (1) 

 

Fig.3. Resonance frequency shift due to 30m-PEUT 

Sensitive layer deposition. 

Tab.1  Resonant frequency and Q shifts after 30m-
PEUT deposition (L=8mm / w=2mm / t=95µm)  

“In plane” 31 
longitudinal Resonant 

frequency (kHz)/Quality 
factor 

 

Resonant Shift (kHz) 

Before 
PEUT 

deposition 

After  
PEUT 

deposition 

Experi-
mental 

Theori-
tical 

63,92/195 62,89/169 -1,03 -0,94 

Toluene detection with PZT screen-printed 
PEUT-coated cantilevers 

The PEUT-functionalized cantilevers are placed 
under a controlled nitrogen flow (100mL/min) 
and tested under different toluene 
concentrations (Fig. 4).  

During the experiments, the impedance of the 
functionalized cantilevers is monitored using an 
HP4192A impedance meter. The whole system 
is controlled by a LabVIEW environment. A 
good reproducibility and linearity of the 
response to gas concentrations are obtained. 
Theoretical sensitivities are calculated from eq. 
(2) and (3) [9]: 

      
 

  
 

                   

                         
 (2) 
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 (3) 

where L, t, E, ρ, Cg and K are respectively the 
cantilever’s length, thickness, Young’s modulus, 
density, gas concentration and partition 
coefficient, the indexes p, Au and sl refer 
respectively to the PZT layer, gold electrodes 
and sensitive layer. The results are reported in 

table 1 for L=8mm, tp=80m, tAU=7m, 

tsl=30m, Ep=38GPa, EAu=55GPa, 

p=6000kg/m
3
, ρAu=18500kg/m

3
, Sl=104kg/m

3
. 

Discrepancy observed between theoretical and 
experimental sensitivities may be attributed to 
inhomogeneous PEUT layers. 

Comparison with silicon cantilevers 

Microfabricated silicon cantilevers of 
rectangular shape, coated with sprayed-PEUT 

have been also used in previous works for gas 
detection. The process developed by 
ESIE*(http:/www.esiee.fr), calls upon 5 levels of 
masks [10]. The three first steps ensure the 
development of the strain gauge and the 
electrical contact. The two last steps define the 
geometry of the millimeter sized rectangular 
microcantilever. The actuation is electro-
magnetic. Toluene detection performances of 
low cost screen-printed PZT cantilevers 
compare well with those of silicon functionalized 
cantilevers tested at IMS laboratory the same 
way as PZT cantilevers. However; the same 
silicon cantilevers coated with zeolite having 
high specific area lead to higher sensitivities 
(tab.3). A more important noise, probably 
induced by temperature effect and/or poor 
densification, is also noticed in the case of 
screen-printed cantilevers.  

Tab. 2: Sensitivities and Limit Of Detection LOD obtained with PZT screen-printed cantilever (8x2x0.08mm
3
) 

coated with 30m PEUT.  

Resonance frequency fr,31 

(kHz) 

Quality 

factor Q 

Sexp 

Hz/ppm 

Stheor 

Hz/ppm 

Sexp/Stheor 
LOD 

=fnoise/Sexp 

62 170 0.047  0.075  0.6 26ppm 

 

 
Figure 4: a) Resonant frequency shift of the 1

st 
31-longitudinal mode under different toluene concentrations 

measured with a 30μm PEUT-coated PZT cantilever (8x2x0.08mm
3
) b) Repeatability of the cantilever’s response 

to a toluene concentration of 263ppm 

Tab. 3: Performance comparison between other silicon resonant sensors 

Cantilever type fres/mode Q 
S 

(10
-4

Hz/ppm) 

Srel  



f 

Normalized 
Srel (mm

-1
) 

Noise 
(mHz) 

LOD 
(ppm) 

Si 5x0.4x0.059mm
3
 

18m PEUT (IMS) 

3kHz 

/flexural 
940 8.9 0.29 16 14 16 

PZT 8X2X0.08mm
3
 

30m PEUT (IMS) 

62kHz 

/longitudinal 
170 465 0.74 25 400 26 

Si 5x0.4x0.059mm
3
 

0.85m zeolite [6] 

5kHz 

/flexural 
- 12.4 0.25 298 0.4 1 
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Conclusion 

Low cost screen-printed PZT cantilevers allow 
generation of unusual longitudinal 31 modes 
working at higher frequencies than bending 
modes generally used in silicon cantilevers with 
electromagnetic actuation [10] or piezoelectric 
actuation [11]. Coated with the same PEUT 
sensitive layer, our self excited piezoelectric 
cantilever present higher relative sensitivity to 
toluene, measured at 0.047Hz/ppm. Limitations 
are nevertheless due to lower quality factor and 
higher noise. A combination of our self excited 
piezoelectric cantilever with more performant 
sensitive layer (inorganic layers for example) 
and optimized electronics (oscillator system) 
should give very sensitive low cost cantilever 
gas sensors. Indeed, results on self excited 
piezoelectric cantilever (bending mode at 

10kHz), functionalized with zeolite [11] for 
freon detection present a relative sensitivity of 
0,24Hz/ppm.  Active carbon used as sensitive 
layer on our PZT cantilever is also very 
promising, giving relative sensitivity of 
13Hz/ppm under benzene [12]. 
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