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Euler-Bernoulli beam theory

D d* X a2 X

A EI S :O
M

YdzA

. T E
Resonance Frequency, in-plane flexural modes fo = —n

- "o8VI2L2 P

" Nfyna = 1.19

2

~; . Nopert = 3
v flst overtone 6.2 ffundamental
< 9507
£ 40-
T 30-
Z £ 20
j 5 10'_—__—_’/\‘_
U I b I b ."’!* ! I ! 1
2878 2880 17784 17792
X Frequency (Hz)

P. Patimisco, et al., "A quartz enhanced photo-acoustic gas sensor based on a custom tuning fork and a THz QCL,” Analyst 139, 2079, 2014.

A. Sampaolo, et al., “Quartz-enhanced photoacoustic spectroscopy exploiting tuning fork overtone modes,” Appl. Phys. Lett.,107, 231102, 2015.

P. Patimisco et al., “Analysis of the electro-elastic properties of custom QTFs for optoacoustic gas sensing” Sens. Actuators B Chem. 227, 539, 2016.



Quartz tuning fork P& /yS8nSe

Euler-Bernoulli beam theory
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Straightforward approach for reducing support losses is designing QTFs having prongs with
large length-to-thickness aspect ratio.
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ethylene C,H,

Colorless, odorless and flammable hydrocarbon.
Produced by the petrochemical industry as a result of steam cracking
In the food industry, measures quantity and the ripeness state of the fruit

Human breath analysis (severity of oxidative stress and metabolic
disturbances )
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Pressure: 120 Torr
Flow: 20.8 sccm

Modulation:

Amplitude: 23 mV
QCL current dynamic range Frequency: 10751.59 Hz
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Pressure: 120 Torr
Flow: 20.8 sccm
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QEPAS Sensor PelySénSe

Internal Diameter

QTF prong spacing (ps) ID b
frequency (mm) (mm) ps
32.7 kHz 0.3 0.6 2
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QEPAS Sensor PelySénSe

Pressure: 120 Torr
Flow: 20.8 sccm

80 - 100 ppm of C,H,:N Selected absorption line
2 Wavenumber: 966.38 cm?

Linestrength : 2.2 10-2° cm/mol

Laser setpoints:
Temperature: 15°C
Current: 442.1 mA

Modulation:
Amplitude: 23 mV
Frequency: 10751.59 Hz
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QEPAS Sensor
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@100 ms Integration time:

10-Noise: 0.086 mV » Signal to Noise Ratio (SNR): 1000
Peak signal: 85.84 mV Minimum detection limit (MDL): 100 ppb
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Connection to PC
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@ High-Q QTF operating at overtone mode
@ QEPAS Sensor for ethylene detection

@ Detection limit of 30 ppb at 10 s integration time

Future Perspectives

@ New generation of QTF

@® Single-tube micro-resonator system
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