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ABSTRACT  

In this paper, we report a high-frequency photoacoustic sensing (PAS) probe design consisting of an optical fiber for 
light delivery and two silicon acoustic delay lines (SADLs) for detecting/relaying the PA signals. A beveled tip is 
formed at the distal end of the optical fiber to overlap the illumination region with the detection zone of the SADLs. 
Detected PA signals are transmitted through the SADLs with low loss at frequencies up to 17 MHz. For demonstration, a 
prototype PAS probe using SADLs is designed, fabricated, and tested. Testing results show that the PAS probe provides 
superior sensitivity with considerable high-frequency improvement. 
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1. INTRODUCTION  
In recent years, new photoacoustic sensing (PAS) probes [1-4] have been developed to conduct localized measurements 
in biological tissues. Different from conventional optical modalities, PAS can detect optical absorption contrast at a 
penetration depth beyond the optical diffraction limit [5-8]. However, the need for both light delivery and ultrasound 
detection poses some challenges in the design and construction of the PAS probes, especially in terms of compactness. 
For in-vivo applications, the diameter of the PAS probe needs to be as small as possible to minimize its invasiveness. To 
address this issue, new probe designs based on optical-fiber acoustic delay lines (OFADLs) have been investigated [9, 
10]. One or two optical fibers were used as both an optical waveguide for light delivery and an acoustic delay line for 
relaying the PA signal. As a result, the overall diameter of the PA probe can be significantly reduced. As an additional 
benefit, after transmitting through the delay line, the PA signal will arrive at the transducer after all interference signals 
diminish and therefore can be easily distinguished and recorded for data processing. 
 
Due to low acoustic velocity (e.g., ~5000 m/sec [11]) and high acoustic attenuation of fused silica, the maximal single-
mode transmission frequency and bandwidth of OFADLs are typically limited to a few MHz. The low acoustic 
transmission frequency and bandwidth result in poorer depth resolution of PA detection. It can also limit the detection 
sensitivity because the peak amplitude of the PA signal oftentimes occurs at much higher frequencies. 
 
To address this issue, we report a new PAS probe design based on SADLs. Compared with fused silica, single-
crystalline silicon has much higher acoustic velocity (e.g., ~8400 m/sec [12]) and lower acoustic attenuation, and is 
compatible with different micromachining methods. Therefore, it is possible to make SADLs with high acoustic 
transmission frequency. For demonstration, a prototype PAS probe using SADLs is designed, fabricated, and tested with 
different concentrations of dye solutions and biological tissues with an embedded target. 

2. EXPERIMENTAL PROCEDURE  
2.1 Probe Design and Construction 

Fig. 1 shows the schematic design of the PAS probe, which consists of one optical fiber, two SADLs, and a homemade 
ultrasound transducer. The optical fiber (FT200UMT, 0.39NA, Thorlabs, Newton, NJ) for light delivery is located at the 
center of the probe. The 200‒µm core diameter allows the transmission of µJ laser pulses without damaging the fiber tip 
[13]. The SADLs are laid in parallel with the optical fiber. Their acoustic time delay is longer than the duration of the 
interference signals, such that the real PA signal from the target can be easily distinguished. The micro linkers hold the 
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