
   

Maskless Prototyping of Gallium Nitride Strain Sensor Using Laser  

Cutting and Direct Wire Bonding 
 

This work shows a simple protoyping method for manufacturing a strain-sensitive GaN on Si diaphragm; this process 

(including packaging) took less than 3 hours. We use laser ablation and wire bonding aluminum wires directly to the 

surface, creating a Schottky contact. We show the device’s electrical operation and demonstrate its ability to sense 

displacement (~ 0.1 %/μm) at room temperature. This work advances AlGaN/GaN MEMS with the simplification of 

the fabrication process (eliminating lithography, metallization, and etching) and reduces the need for cleanroom 

environments. There is interest in GaN for strain, pressure and inertial sensing [1]–[3] because of its ability to operate in high 

temperatures (600 ºC) [4]. The majority of GaN strain sensors utilize transistor or piezoelectric elements, using metal alloys 

as Ohmic and Schottky contacts. These require many steps including thin film deposition, lithography, etching, liftoff and 

annealing. The high cost of a 100 mm epitaxial grown AlGaN/GaN wafer limits flexibility in MEMS device design. However, 

a fabrication process previously reported shows one step creation of photodetectors using wire bonding directly to 

AlGaN/GaN [5]. Integrating this technique with laser ablation enables rapid fabrication of strain sensitive devices. A 

schematic of our simple fabrication process is shown in Figure 1. A square diaphragm, 3.5 mm x 3.5 mm and 100 µm thick, 

was then cut using laser ablation (Figure 2a) (DPSS Samurai UV Laser). The cut was complete in 200 seconds with 

approximate rate of 2.5 µm/sec. The sample was rinsed with solvents and directly wire bonded (460 mW for 30 ms) to a 

ceramic chip carrier using Al wire (Figure 3). The device operates because of strain-induced piezoelectric polarization of 

AlGaN and GaN’s effect on 2DEG concentration [6]. We applied a strain to the membrane through the use of a 

micromanipulator (Signatone S-M40) with a screw attached. Close up images of the wire bond connection in Figures 3b and 

3c show good bond contact. The measured I-V characteristics across four current paths (Figure 3a) are shown in Figure 3d; 

the response is relatively uniform. Displacement was applied in incremental steps (approximately 1/8 rotation or 80 μm), to 

one current path biased at 500 mV, and is shown in Figure 3e. The current response returns to the nominal response upon 

release of the displacement and the maximum change seen is 32.4%. This work demonstrated the first strain measurement of 

a directly wire bonded GaN diaphragm, and shows promise moving forward for cost efficient studies of GaN physical sensors. 

This prototyping method (less than 3 hours) enables testing GaN MEMS devices before investing in a costly wafer-scale 

process, and studying GaN in laboratories without clean-room facilities. 
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