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This paper presents Low turn-on voltage junction barrier Schottky (JBS) 
diodes were fabricated using very thin (20 nm) and extremely highly Mg 
doped (2x1020 cm-3) p+-GaN layer placed on top of n--GaN epitaxial layers 
grown on n-GaN substrates.  By omitting p-GaN layers in conventional p+-
GaN/p-GaN/n--GaN vertical p-n junction diodes, device processing has 
been eased and low specific on-resistances (Ron<0.3 mΩcm2) have been 
obtained. 
 

 
I. Introduction 

 Recent improvements in crystalline quality and productive technologies of free-
standing GaN substrates have accelerated developments of the vertical structure GaN 
power devices, which can extract the GaN’s full potentials for the power-conversion 
applications. GaN p-n junction diodes with high breakdown voltages around 3 kV showed 
the larger Baliga’s figure of merits (FOM) than those of SiC Schottky-barrier diodes [1]-
[3]. 

 We have reported GaN p-n junction diodes with field-plate (FP) electrodes by low-
damage processing which enabled low on-resistance (Ron) and high breakdown voltages 
[2], [4]-[5]. Remaining subject for the p-n diode is to lower its turn-on voltage which is 
now about 3 V. Here we report the decreased turn voltage by applying the JBS structures 
to the p+-n junction GaN wafer whose p-type layer is very thin and highly Mg-doped p+-
GaN. This layer structure is also effective for further reduction of Ron, because high 
resistance moderately Mg-doped p-GaN layer in typical p-n junction diode [1]-[5] is 
omitted. 

 
II. Experimental 
The free-standing GaN substrates used in this sturdy were produced by SCIOCS through 
their void-assisted separation (VAS) method. [6-7] The VAS GaN substrate has a low 
density of dislocations uniformly spread out over the surface, which can provide much 
convenience in producing high performance and large power devices. The schematic 
structure of the p+-n diode is shown in Fig.1. The layer structures were grown by metal-
organic vapor phase epitaxy (MOVPE). After formation of mesa structure by 
conventional ICP dry etching, shallow trenches of concentric circles were dug by low 
power dry etching. The width and the depth of the trench were 10 µm and 60 nm, 
respectively. Pd anode electrode was formed by vacuum evaporation method. Ti/Al 
cathode ohmic electrodes were formed on the back side of the GaN substrate. The Ti/Al 
electrode was partially removed in case of observing p-n junction area emitting light 
under forward biased conditions. For comparison of the JBS diode characteristics, p-n 
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junction diodes (PND) without the trench etching and Schottky barrier diodes (SBD) by 
the total removal of the p+-GaN layer were simultaneously fabricated on the same chip. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic structure of the fabricated JBS diode. 

 
III. Results and Discussions  

Figure 2 shows the optical microscopic image of the JBS diode with the anode 
electrode of 200 µm in diameter. Figure 3 shows the image of the JBS diode under 
forward-biased condition of 4 V. The image was captured through a hole opened on the 
Ti/Al electrode. Strong light emissions 
matching with the p-n junction areas of the 
concentric circles were observed. The 
electroluminescence showed ultra-violet 
and blue spectra, which indicated the 
existence of high quality p-n junctions. I-
V characteristics of the JBS diode are 
shown in Fig. 4 comparing with those of 
PND and SBD. The turn-on voltage of the 
JBS diode was about 1.0 V as that of SBD. 
Over 4 V, the current of the JBS diode 
increased rapidly as that of the PND; hence 
the expected JBS nature was realized. The 
slightly larger current in the JBS diode 
around 4 V than those of the PND and 
SBD were reproducible but the reason for 
this characteristic is not clear yet. Very 
small Ron's of about 0.3 mΩcm2 at 6 V 
were obtained by the JBS diode.  
Reverse breakdown voltage of the JBS 

diode with another trench dimensions with 
2.5 µm pitch showed over 600 V.� 



 
Figure 4. Forward I-V characteristics of the JBS diode, PND and SBD. 

 
IV. Conclusions 

GaN JBS diodes were fabricated using very thin (20 nm) and extremely highly Mg 
doped (2x1020 cm-3) p+-GaN layer as the p-type layer of p-n junction.  By omitting p-GaN 
layers in conventional p+-GaN/p-GaN/n--GaN vertical p-n junction diodes, device 
processing has been eased because of shallow dry etching and a series resistance by the 
p-GaN was neglected. Expected JBS nature with low turn-on voltages and low specific 
on-resistances (Ron<0.3 mΩcm2) have been obtained. These results are helpful for 
improving vertical structure GaN power devices.� 
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