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CLAIMS 

1. An apparatus comprising: a substrate; a sensor including an array of piezoelectric 
micromechanical ultrasonic transducer (PMUT) sensor elements on the substrate, wherein each 
PMUT sensor element includes a diaphragm having a piezoelectric layer and a mechanical layer, 
wherein the diaphragm is capable of a static displacement upon application of an applied force 
and is capable of a dynamic displacement when the PMUT sensor element receives or transmits 
ultrasonic signals; and a sensor controller configured to switch the sensor between a non-
ultrasonic force detection mode and an ultrasonic imaging mode for one or more of the PMUT 
sensor elements, wherein the applied force is measured in the non-ultrasonic force detection 
mode and wherein an object is imaged ultrasonically during the ultrasonic imaging mode.  

2. The apparatus of claim 1, wherein the apparatus is configured to detect a finger touch based on 

an on-threshold force being measured by the apparatus in the non-ultrasonic force detection 
mode.  

3. The apparatus of claim 2, wherein the sensor controller is configured to provide, to an 
applications processor, a wake-up signal to activate one or more wake-up operations after the 
finger touch is detected.  

4. The apparatus of claim 2, wherein the apparatus is configured to detect a finger lift after a 
detecting the finger touch based on an off-threshold force being measured by the apparatus in the 
non-ultrasonic force detection mode.  

5. The apparatus of claim 4, wherein the off-threshold force is less than the on-threshold force.  

6. The apparatus of claim 3, wherein the sensor controller is configured to initialize the 
ultrasonic imaging mode after the finger touch is detected.  

7. The apparatus of claim 1, wherein the sensor controller is configured to initialize the 
ultrasonic imaging mode based on a minimum imaging threshold force being measured by the 
apparatus in the non-ultrasonic force detection mode.  

8. The apparatus of claim 1, wherein one or more of the PMUT sensor elements includes a 2-D 

electron gas structure disposed on the diaphragm.  

9. The apparatus of claim 1, wherein the sensor controller is configured to switch between the 
non-ultrasonic force detection mode and an ultrasonic imaging mode for each of the PMUT 
sensor elements in the array of PMUT sensor elements.  

10. The apparatus of claim 1, wherein the sensor controller is configured to switch between the 
non-ultrasonic force detection mode and an ultrasonic imaging mode for a subset of the PMUT 
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sensor elements in the array of PMUT sensor elements.  

11. The apparatus of claim 10, wherein the subset of the PMUT sensor elements are located at 
the periphery of the array of PMUT sensor elements.  

12. The apparatus of claim 10, wherein the PMUT sensor elements of the subset of the PMUT 

sensor elements differ from a remainder of the PMUT sensor elements of the array of PMUT 
sensor elements in one or more of a shape or a size. 


