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Recent Advance in Miniaturization of Photo-Acoustic
Spectroscopy Gas Sensor

Jiang Meng Feng Qiaoling Wei Yufeng Wang Congying Liang Tongli
Beijing Institute of Aerospace Control Devices, Beijing 100094, China

Abstract Photo—acoustic spectroscopy can be used to detect trace concentration gas. The total size can be made
small, making it possible to realize portable in situ measurement. The critical technology of photo—acoustic detection
is the miniaturization of absorption cell and microphone, which determines the sensitivity and volume of the system.
Recent progress of photo— acoustic spectroscopy detection technology in miniaturization and integration is
summarized. Three kinds of light sources, absorption cells and photo—acoustic resonators are analyzed and compared,
respectively. Meanwhile, the latest progress of Beijing Institute of Aerospace Control Devices is also provided. The
quartz tuning fork enhanced photo—acoustic spectroscopy technique is taken to realize miniaturization of absorption
cell and photo—acoustic resonator. A compact packaged quartz tuning fork coupling with fiber is demonstrated. A
Tm/Ho doped fiber amplifier is used to realize the 2 pym wavelength output with the power of 200 mW, and ammonia
and carbon dioxide can be measured simultaneously.
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Fig.2 A multipass photoacoustic cell of Herriott resonator
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Fig.3 Schematic diagram and photograph of MEMS scale photoacoustic cell
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Fig.4 Micrography of microcell fabricated by hollow—core photonic crystal fibers. (a) Whole structure; (b) long microcell;

(c) short microcell
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Fig.5 Photographs of (a) electromechanical film microphone and (b) photoacoustic cell
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Fig.6 (a) Quartz tuning fork; (b) packaged quartz fork resonator enhanced with two tubes
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Fig.7 (a) Line strength of ammonia and carbon dioxide simulated in HITRAN2004; (b) DFB laser measured in optical spectrum

analyzer (OSA)
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Fig.10 A microfabricated cantilever
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Fig.11 (a) Drawing of the microfabricated photoacoustic cell (with bonded wafer stack separated for illustration);

(b) closeup of the microfabricated photoacoustic detector
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