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Introduction:  Resistive random access memory 

(RRAM) has garnered considerable interests in non-

volatile memory, neuromorphic computing and artifi-

cial intelligence (AI), etc. [1]  Crossbar RRAM arrays 

exhibit small cell area, high integration density, and 

good scalability. But the sneak current path of unse-

lected cells pose a significant challenge. To reduce the 

sneak path, threshold switching selectors with strong I-

V nonlinearities are desired to be added in series with 

RRAM cells. [1] However, there are very few materials 

suitable for selectors, and no reports on devices work-

ing above 200 °C, which limit their potential for harsh 

environment applications such as space explorations.  

In this work, we demonstrated the first GaN based 

threshold switching selectors based on an etch-then-

regrowth process and Ga2O3 insertion layer. The devic-

es showed stable high-temperature performance up to 

500 °C, the record high value ever reported.  

Device Fabrication:  The devices were homoepi-

taxially grown by metalorganic chemical vapor deposi-

tion on n-GaN substrates. An 4 µm unintentionally 

doped (UID) GaN was first grown. Then 500 nm GaN 

was etched away to form etched surface by inductively 

coupled plasma (ICP) etching, followed by 50 nm 

UID-GaN as an insertion layer and 1 µm p-GaN suc-

cessively regrown on the etched surface. Top and bot-

tom electrodes were deposited by electron-beam evap-

oration using Pd/Ni/Au and Ti/Al/Ni/Au, respectively. 

Results and Discussions: The etch-then-regrowth 

process resulted in a large amount of Si and O impuri-

ties according to SIMS analysis. TEM shows an inter-

facial layer was formed after the etch-then-regrowth 

process. These results indicate that interface states can 

form at the regrowth interface due to the etching dam-

ages, defects and accumulated impurities.  

 
Fig. 1. (a) I-V characteristics of the GaN based thresh-

old switching selectors. The inset shows device struc-

ture. (b) High temperature tests of the device. 

The devices showed threshold switching behaviors 

as shown in Fig. 1(a) after the soft breakdown as a 

forming process. The threshold voltage (Vth) and the 

hold voltage (Vhold) had a large voltage margin of over 

10 V, which is beneficial for selectors. The selector 

devices also exhibited excellent thermal stability up to 

300 C in multi-cycle measurements (Fig. 1(b)). We 

proposed the electron/hole traps in the interfacial layer 

to explain the observed threshold switching behaviors. 

These traps can trap/detrap electrons/holes to 

form/rupture the conductive path.  

Interface Engineering: The etch-then-regrowth 

process resulted in a maximum operation temperature 

of 300 oC. To future improve the thermal performance 

for some high temperature environments (e.g., Venus),  

interface engineering was utilized where an interlayer 

was intentionally inserted to make the interface more 

controllable and stable. 

 

Fig. 2. (a) I-V characteristics of the GaN selectors with 

the Ga2O3 interlayer. (b) Trapping/detrapping process. 

As the native oxide of GaN, Ga2O3 is a very prom-

ising candidate. The two materials also have very small 

lattice mismatch (< 5%). 1 nm Ga2O3 as the interlayer 

was deposited by PEALD prior to the regrowth. All the 

other processes remained the same. The device with the 

Ga2O3 interlayer showed stable performance up to 500 
oC (Fig. 2(a)). The trapping and detrapping process 

(Fig. 2(b)) can also be used to explain the threshold 

switching behaviors.    

Conclusion: We demonstrated 500 °C GaN thresh-

old switching selectors. This is realized via interface 

engineering through an etch-then-regrowth process in 

combination with a PEALD-grown Ga2O3 interlayer. 

The traps in the interfacial layer can form/rupture a 

conductive path by trapping/detrapping electrons/holes, 

responsible for the threshold switching behavior. It’s 

revealed that the addition of Ga2O3 interlayer can re-

markably improve the selector thermal performance. 
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