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HIGHLY COMPACT TRACE GAS DETECTION

The presented auto-balanced-detection method demonstrates highly efficient cancella-
tion of intensity noise within an ICAPS system. Due to the exact same intensity levels in
both channels, this scheme is perfectly balanced and capable of detecting photothermal
signals at the shot noise level by detection of both beams leaking out of the one cavity.
The use of just one single cavity significantly reduces system complexity and furthermore
enhances the signal-to-noise ration by 6 dB compared to conventional balanced detection
ICAPS.

BACKGROUND

The miniaturisation of sensitive laser-based gas detectors is of big request among different
fields of activity due to the specific characteristics such as a small sample volume or simply
a small footprint. However, it still remains challenging. While methods based on direct
absorption spectroscopy show a limited potential for miniaturisation due to their depend-
ence of sensitivity on the optical path length according to the Lambert-Beer law, indirect
spectroscopic techniques inherently exhibit high miniaturisation potential.

We have identified photothermal spectroscopy using a Fabry-Perot interferometer as
transducer to be an excellent candidate for miniaturisation. Besides its overall simplicity,
this transducer type exhibits unique characteristics emerging by the Finesse.

However, previous published setups employing photothermal spectroscopy together with
a Fabry-Perot interferometer were susceptible to different sources of noise, essentially
limiting the performance of the sensors. Here, we present a method for noise cancellation
by application of balanced detection, improving sensitivity and ruggedness of this sensor
technology.
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By this means shot noise limited gas detection becomes available, which greatly enhances
the signal-to-noise-ratio by recovering tiny photothermal signals but also improves the
ruggedness of the sensor to environmental perturbations by rejection of external noise
sources. Thus, robust and highly sensitive detection of gases within an ultra-small absorp-
tion volume can be performed.

ADVANTAGES

Ultra-small sample volume

Fast sensor response (a few milli-seconds)

High potential for miniaturisation — down to integration on a chip
High sensitivity — shot noise limited detection (down to ppt-level)
High dynamic range — over a few orders of magnitude

Robust sensor — applicable in harsh environments
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DEVELOPMENT STATUS

Basic technology established
Sensor integration in optimisation
phase

APPLICATIONS

Suitable for a wide range of applica-
tions with the need of sensitive and
robust gas detection, additionally
featuring a small footprint; e.g. in-
dustrial process control, environ-
mental monitoring, medical diag-
nostics, or scientific research.
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