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Photoacoustic Spectroscopy (PAS) technology is a widely recognized method for its excellent 
performance in trace gas detection and simplicity of the experimental setup [1,2]. The detectivity of the 
laser PAS configuration achieves down to ppm ~ ppb levels, thanks to high power and narrow band of 
laser sources and the high sensitivity of resonant cells. However, spurious signal generated by the 
resonator windows persists a challenge for the improvement of trace gas detection sensitivity. Unless 
incoherent noise [3], the noise originated by the window absorption is almost impossible to be removed 
by the classical filtering methods, e.g., amplitude and wavelength modulation. The closed photoacoustic 
resonators may be limited to particular applications due to the inlet and exhaust of the target gas. A 
windowless photoacoustic cell based on T-resonator [4] is presented in this paper for trace gas detection. 

T-resonator depicted in Fig. 1(a) comprises resonance and absorption cylinders. The reason that T-
resonator is appropriate for the windowless cell design lays in its resonant frequency is mainly 
determined by the resonance cylinder perpendicular to the light absorption path. 

 
Fig. 1. T typed resonator models. 

The proposed windowless cell is presented in Fig.1 (c) which consists of T-typed resonator and buffer 
cylinders. The penetration of the external acoustic noise is attenuated through the two buffer volumes 
at both ends of the absorption cylinder. The diameter and length of the buffers are selected in such a 
way the acoustic impendence of which is relatively high at the resonance frequency. 

The three different T-type resonator models shown in Fig.1 were built with COMSOL Multiphysics 
5.2. The geometry of absorption and resonance cylinders is identical for the three resonators and the 
lossy boundary conditions were adapted due to thermal and viscous losses at the resonator boundary. 
The finite element method (FEM) simulated amplitude response results are presented in Fig.2 which 
exhibits the good performance of the windowless resonator and the details are shown in Table 1. 
Although there is a large deviation of the resonance frequency of the three cells, the full width at half 
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maximum (FWHM) of the windowless resonator is similar to the closed resonator, much better than the 
behavior of the open resonator. The windowless resonator with two buffers at both ends of the 
absorption cylinder has the capability for the noise suppression and can be used an open cell in the trace 
gas detection application. 

 
Fig. 2. The photoacoustic amplitude simulated response of three different resonators. 

The FEM simulation results demonstrate that the windowless resonator comprising the T cell and buffer 
volume is an appropriate photoacoustic design for the elimination of the coherent spurious signal 
generated by the window absorption and the isolation of outside background noise. Thus, the 
windowless resonator is an effective open cell for trace gas detection. 

Table 1. The simulation results of the three T typed resonators 

Cell Type Resonance frequency (Hz) FWHM (Hz) 
Closed resonator 998 28 
Open resonator 728 105 
Windowless resonator 816 34 
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