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Chemiresistive sensors
Response = ΔR/R0 = (R − R0)/R0,



DNAs corresponding to
Staphylococcus aureus specific genes, 
namely nuc, mecA, vanA and protein A.

Surface Acoustic Waves sensors

Poly Cyanopropyl Methylsiloxane (PCPPMS) 



(PCPPMS) 

Carbowax

dipropylene
glycol monomethyl ether (DPGME).

Fig. 6. Response curves for very low 
concentrations. (a) DMMP and 
sensor coated with PCPMS and(b) 
DPGMEandsensor coated with 
Carbowax.

Polycyanopropylmethylsiloxane (PCPMS)



Micromechanical resonators: cantilever

Figure 1. Schematic diagram of the beam-based resonators. Doubly clamped beam (a) and cantilever
beam with the flexural (out-of-plane) mode (b), the lateral (in-plane) bending mode (c) and the elongation
(in-plane) mode (d).
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Figure 12. A suspended microchannel microresonator for biomolecular 
mass sensing reported by Burg et al. [163]. Reused with permission 
from [163], Copyright 2007 Nature Publishing Group. (a) Schematic of 
mass measurement mode by a microcantilever; (b) Resonant 
frequency shifts caused by accumulation of proteins inside the 
cantilever.

FeII‐based spin‐crossover nanoparticles of the well‐known

[Fe(Htrz)2(trz)](BF4)



Spintronic
Giant Magnetoimpedance

Magnetoelasticity

Spin waves

Magnetoelasticity



Driving Coil
Pick‐up Coil 

Longitudinal oscillation

SENSOR PRINCIPLE 

Measurements of the resonance frequency are performed by using a 
magnetoelastic resonance analyzer set up. 

The variation in the pick‐up coil impedance with frequency allows the 
observation of resonance,fr, and antiresonance,fa, frequencies of the microwire. 
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Changes in the deposited mass over the sensor will
change its resonant frequency:

We excite the magnetoelastic with an
alternating magnetic field in a frequency
sweep and we see the changes in its
magnetization with a pick-up coil.
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Motivation:
Contactless low-cost sensors (various applications)

14

Magnetoelastic resonance-based gas sensors



ELASTIC WAVE EQUATION  

Longitudinal vibration (y direction) 
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u: Displascement
:  Density
E: Young´s modulus
:  Poisson ration
l: Length of the wire

Magnetoelastic resonance is observed when the frequency of applied field 
matches the mechanical resonant frequency of the microribbon
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Amorphous ribbon 

Acoustomagnetic tags

58 KHz

2826MB, Metglas, Conway, SC, USA





Acetone Ammonia Benzene

Diabetes melitus
Hepatic and chronic 
kidney diseases (CKD), 
and cancers

Sensor selectivity capacity
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Schematics of the sensor cell, which includes cover (1), 
magnetoelastic microribbon (2), permanent magnet (3), and 
main body (4).
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SEM images of the electrospun sensitive layer 
deposited over the transducer.

polyvinylpyrrolidone (PVP), 



Frequency spectra of the transducer with and without the sensitive layer functionalization. 
Simulation results are used to illustrate the magnetoelastic resonance in the gain spectra for the 
no resonance state (NR) and the first (R1) and second (R2) harmonic of the magnetoelastic 
resonance.

High-resolution frequency spectra for the quality factor determination 
with 13 Hz steps (black line) and 0.2 Hz steps (red line).

BW is the 3 dB bandwidth from
the maximum amplitude



This work presents a proof of concept of the development of a magnetoelastic transducer and 
a measuring setup able to characterize resonant frequency in real time.

This transducer was functionalized with nanofibers of a sensitive polymer, 
polyvinylpyrrolidone (PVP), 

to build a sensor capable of distinguishing between regular air and exhaled breath, as well as 
of quantitative and reproducible detection of relative humidity (RH), acetone, and ammonia in 
gaseous environments in a contactless, remote manner. In addition, benzene was used to test 
the sensor selectivity capacity.

Acetone Ammonia Benzene

Diabetes melitus
Hepatic and chronic 
kidney diseases (CKD), 
and cancers
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The sensitivity of the device, defined as the response to a 
specific concentration of the analyte (expressed in Hz/%), 
was obtained by fitting the values provided in Figure 9a. A 
linear response regime for levels up to RH = 73% was 
established. The linear fit provided a sensitivity of −1.17 ±
0.1 Hz/% (R2 of 0.97).

Relative Humidity tests
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The responsiveness time can be evaluated 
using the τ90 parameter, defined as the time 
required to achieve the 90% maximum 
frequency change (Figure 9b). In general, the 
sensor device showed a fast recovery with a 
low baseline drift for tested RH.
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Acetone Ammonia Benzene

Compared to water, acetone, and ammonia, the sensor demonstrated an excellent performance, as the device showed an insignificant response to 
benzene. According to the relationship between the experimental responses, PVP nanofibers can bind with polar molecules, e.g., water, acetone, or 
ammonia with insignificant interaction with non-polar molecules such as benzene.



Magnonic-based magnetic transducer

Magnetostatic surface spin waves (MSSW) 

Some important properties of MSSWs include their very low
level of propagation loss at microwave frequencies, high‐loaded
‘Q value’ (indication of under‐damping), small wavelength, and
high tunability (from 0.2–20GHz). We also note that the
frequency of a spin‐wave oscillator can be tuned by changing
the magnitude of a bias magnetic field (HB), while the MSSW
wavelength remains constant. In our case, we applied a bias
magnetic field (about 200Oe) perpendicularly to the wave propagation
direction and parallel to the YIG film plane



The synthesis of Fe3O4 was done by a hydrothermal method 



Acetone

It is noteworthy that the sensor 
exhibits the capability to 
successfully detect acetone 
(diabetes mellitus biomarker) at 
concentrations between 20 and 50 
ppm within a brief exposure time of 
1 min. This achievement was 
accompanied by remarkable 
recovery and reproducibility rates, 
as well as distinct response 
parameters compared among 
biomarkers. 




