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            Abstract
Ultrasound detectors use high-frequency sound waves to image objects and measure distances, but the resolution of these readings is limited by the physical dimensions of the detecting element. Point-like broadband ultrasound detection can greatly increase the resolution of ultrasonography and optoacoustic (photoacoustic) imaging1,2, but current ultrasound detectors, such as those used for medical imaging, cannot be miniaturized sufficiently. Piezoelectric transducers lose sensitivity quadratically with size reduction3, and optical microring resonators4 and Fabry–Pérot etalons5 cannot adequately confine light to dimensions smaller than about 50 micrometres. Micromachining methods have been used to generate arrays of capacitive6 and piezoelectric7 transducers, but with bandwidths of only a few megahertz and dimensions exceeding 70 micrometres. Here we use the widely available silicon-on-insulator technology to develop a miniaturized ultrasound detector, with a sensing area of only 220 nanometres by 500 nanometres. The silicon-on-insulator-based optical resonator design provides per-area sensitivity that is 1,000 times higher than that of microring resonators and 100,000,000 times better than that of piezoelectric detectors. Our design also enables an ultrawide detection bandwidth, reaching 230 megahertz at −6 decibels. In addition to making the detectors suitable for manufacture in very dense arrays, we show that the submicrometre sensing area enables super-resolution detection and imaging performance. We demonstrate imaging of features 50 times smaller than the wavelength of ultrasound detected. Our detector enables ultra-miniaturization of ultrasound readings, enabling ultrasound imaging at a resolution comparable to that achieved with optical microscopy, and potentially enabling the development of very dense ultrasound arrays on a silicon chip.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more


Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Design and operating principles of the SWED.[image: ]


Fig. 2: Characterization of the SWEDs.[image: ]


Fig. 3: Reflection-mode far-field and near-field optoacoustic imaging.[image: ]


Fig. 4: Imaging of acoustic broadband interference.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Process control with spectral response.
a–c, Monitoring the reflection spectrum of a SWED with Δw = 40 nm (SWED340nm) during the polishing process of the SOI chip: before the start of polishing (a); at the end of polishing and before the application of the Ag coating (b); and after the application of the Ag coating (c).


Extended Data Fig. 2 Schematics of the experimental setups.
a, Characterization setup. An inverted microscope is coupled to a laser source for optoacoustic excitation; the SOI chip (CH) is mounted in a trans-illumination geometry and is raster-scanned over the sample placed on the coverslip (CS) (stages not shown). b, Imaging setup. The laser source for optoacoustic excitation is coupled into an optical fibre, which illuminates the sample; the chip is mounted in a reflection-mode illumination geometry. The coverslip holding the sample is raster-scanned while the chip and the illumination fibre (IF) are stationary (stages not shown). In both setups, the SWED interrogation is performed by a tuneable continuous-wave laser. OBJ, microscope objective.


Extended Data Fig. 3 Long-term detection stability of the SWED.
The variation in the maximum values of the detected signal amplitude is shown over 15 min. BPF, band-pass filter; a.u., arbitrary units.


Extended Data Fig. 4 Hydrophone and SWED responses to an acoustic point source over the frequency band [2, 500] MHz.
The hydrophone response has been scaled up by a factor of 30 for visibility. Signals attributed to reflections between the SWED and the sample holder are indicated.


Extended Data Table 1 The measured optical and acoustic properties of the manufactured SWEDsFull size table
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