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CLAIMS 

 

1. An ultrasonic transducer comprising:   

a first electrode;  

a second electrode; and 

a plurality of piezoelectric nanostructures, each of the plurality of piezoelectric 

nanostructures having a first end coupled to the first electrode, a second end coupled to 

the second electrode, a diameter of less than 500 nm, and a length of at least twice the 

diameter and less than 4 �m,  

wherein the ultrasonic transducer is configured to sense an ultrasonic wave of at least 

20 MHz by converting the ultrasonic wave of at least 20 MHz into an electrical signal, 

and/or to generate an ultrasonic wave having a center frequency of at least 20 MHz by 

converting an applied electrical signal into the ultrasonic wave having a center frequency 

of at least 20 MHz. 

 

2. The ultrasonic transducer of claim 1, 

wherein the plurality of piezoelectric nanostructures comprise one-dimensional 

piezoelectric nanostructures. 

 

3. The ultrasonic transducer of any one of claims 1 to 2, further comprising: 

a backing formed on the first electrode. 

 

4. The ultrasonic transducer of claim 3, further comprising: 

a watertight housing enclosing the backing and the first electrode.  

 

5. The ultrasonic transducer of any one of claims 1 to 4, 

 wherein each of the plurality of piezoelectric nanostructures has a length of 1 �m 

or less, and wherein the ultrasonic transducer is configured to sense and/or generate 

ultrasonic waves with a center frequency of at least 100 MHz. 

 

6. The ultrasonic transducer of any one of claims 1 to 5, 

wherein the plurality of piezoelectric nanostructures are aligned at least 

substantially in parallel. 

 

7. The ultrasonic transducer of any one of claims 1 to 6, 
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wherein each piezoelectric nanostructure comprises a hollow cylinder with at 

least one closed end. 

 

8. The ultrasonic transducer of claims 1 to 7, 

 wherein each piezoelectric nanostructure comprises piezoelectric polymers.  

 

9. The ultrasonic transducer of any one of claims 1 to 8, 

wherein the electric polarization of each piezoelectric nanostructure is aligned in 

one direction along the respective length of the piezoelectric nanostructure. 

 

10. The ultrasonic transducer of any one of claims 1 to 9, 

wherein the plurality of piezoelectric nanostructures are vertically aligned and 

formed on a curved membrane to form a focused ultrasonic transducer with a focal length 

substantially equal to the radius of the curvature of the membrane. 

 

11. The ultrasonic transducer of any one of claims 1 to 10, 

wherein the ultrasonic transducer is configured to sense an ultrasonic wave 

excited by light or configured to generate an ultrasonic wave in at least one of echo mode 

or transmission mode. 

 

12. A linear array of high frequency ultrasonic transducers, comprising a plurality of 

ultrasonic transducers of any one of claims 1 to 11. 

 

13. A two-dimensional array of high frequency ultrasonic transducers, comprising a 

plurality of ultrasonic transducers of any one of claims 1 to 12. 

 

14. A method for producing an ultrasonic transducer configured to sense an 

ultrasonic wave of at least 20 MHz and/or generate an ultrasonic wave with a center 

frequency of at least 20 MHz, the method comprising: 

forming a plurality of one-dimensional piezoelectric nanostructures using a 

template based method, each piezoelectric nanostructure having a diameter of less than 

500 nm, and a length of at least twice the diameter and less than 4 �m,  

forming a first electrode coupled to first ends of the plurality of one-dimensional 

piezoelectric nanostructures; and 

providing a second electrode, wherein respective second ends of the plurality of 

one-dimensional piezoelectric nanostructures are coupled to the second electrode. 
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15. The method of claim 14, further comprising: 

forming an epoxy backing on the first electrode. 

 

16. The method of any one of claims 14 to 15, further comprising: 

providing a watertight housing to enclose the backing and the first electrode. 

 

17. The method of any one of claims 14 to 16, further comprising: 

providing a flat or curved ordered anodized alumina membrane as a template for 

the template based method for the forming of the plurality of one-dimensional 

piezoelectric nanostructures. 

 

18. The method of claim 17, further comprising: 

partially etching the ordered anodized alumina membrane to expose the plurality 

of one-dimensional piezoelectric nanostructures and to leave the remaining ordered 

anodized alumina membrane filling the gaps between the piezoelectric nanostructures 

of the plurality of one-dimensional piezoelectric nanostructures. 

 

19. The method of any one of claims 17 to 18, 

wherein the plurality of one-dimensional piezoelectric nanostructures are formed 

by at least one of melt-filling of piezoelectric polymers into pores of the ordered anodized 

alumina membrane or solution-filling of piezoelectric polymers into the pores of the 

ordered anodized alumina membrane. 

 

20. The method of any one of claims 14 to 19, 

wherein the plurality of one-dimensional piezoelectric nanostructures are 

nanotubes made of piezoelectric polymers.  

 

 


