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This paper presents Low turn-on voltage junctiorriea Schottky (JBS)
diodes were fabricated using very thin (20 nm) artlemely highly Mg
doped (2x1& cnt®) p*-GaN layer placed on top of-GaN epitaxial layers
grown on n-GaN substrates. By omitting p-GaN layerconventional
GaN/p-GaN/nGaN vertical p-n junction diodes, device procegdas
been eased and low specific on-resistanBeg<(.3 ncn¥) have been
obtained.

[. Introduction

Recent improvements in crystalline quality and piitve technologies of free-
standing GaN substrates have accelerated develtproehe vertical structure GaN
power devices, which can extract the GaN'’s fulleptitls for the power-conversion
applications. GaN p-n junction diodes with highdk@own voltages around 3 kV showed
the larger Baliga’s figure of merits (FOM) than $lecof SiC Schottky-barrier diodes [1]-
[3].

We have reported GaN p-n junction diodes withdfiglate (FP) electrodes by low-
damage processing which enabled low on-resistdrRge dnd high breakdown voltages
[2], [4]-[5]. Remaining subject for the p-n diodeto lower its turn-on voltage which is
now about 3 V. Here we report the decreased tultag® by applying the JBS structures
to the pg-n junction GaN wafer whose p-type layer is velin tind highly Mg-doped’p
GaN. This layer structure is also effective fortlfier reduction ofRon, because high
resistance moderately Mg-doped p-GaN layer in sipgn junction diode [1]-[5] is
omitted.

[1. Experimental

The free-standing GaN substrates used in thisystuede produced by SCIOCS through
their void-assisted separation (VAS) method. [6FAg VAS GaN substrate has a low
density of dislocations uniformly spread out oves surface, which can provide much
convenience in producing high performance and lggeer devices. The schematic
structure of the n diode is shown in Fig.1. The layer structureseagrown by metal-
organic vapor phase epitaxy (MOVPE). After formatiof mesa structure by
conventional ICP dry etching, shallow trenches arfiaentric circles were dug by low
power dry etching. The width and the depth of ttem¢h were 1Qum and 60 nm,
respectively. Pd anode electrode was formed by wacavaporation method. Ti/Al
cathode ohmic electrodes were formed on the balekddithe GaN substrate. The Ti/Al
electrode was partially removed in case of obsgrgm junction area emitting light
under forward biased conditions. For comparisothefJBS diode characteristics, p-n

* Corresponding author: e-mail kentaro.hayashi.3r@stu.hosei.ac.jp



junction diodes (PND) without the trench etchingl &chottky barrier diodes (SBD) by
the total removal of the"gGaN layer were simultaneously fabricated on theesahip.
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Figure 1. Schematic structure of the fabricated didSe.

1. Resultsand Discussions

Figure 2 shows the optical microscopic image of IB& diode with the anode
electrode of 20Qum in diameter. Figure 3 shows the image of the di8e under
forward-biased condition of 4 V. The image was uggd through a hole opened on the

Ti/Al electrode. Strong light emission
matching with the p-n junction areas of tt
concentric circles were observed. Tl
electroluminescence showed ultra-viol
and blue spectra, which indicated tt
existence of high quality p-n junctions.
V characteristics of the JBS diode a
shown in Fig. 4 comparing with those ¢
PND and SBD. The turn-on voltage of tf
JBS diode was about 1.0 V as that of SB
Over 4 V, the current of the JBS dioc
increased rapidly as that of the PND; her
the expected JBS nature was realized. 1
slightly larger current in the JBS diod
around 4 V than those of the PND ar
SBD were reproducible but the reason {
this characteristic is not clear yet. Vel
small Ron's of about 0.3 fcn? at 6 V
were obtained by the JBS diode.
Reverse breakdown voltage of the JE
diode with another trench dimensions wi

2.5um pitch showed over 600 V.

Figure 2. Optical microscopic image of the JBS diode.

Figure 3. Opticalrucioscopic image of the light-enutting JBS diode



0.8 N8
Anode electrode: ¢ 100 um ,'l
0.7 7%
3]
0.6 G
E
- 0.5 g
s o
- 04 ©
B 2
> 03
£ 3
© 0.2 o
v
[ =
0.1 o
0.0
0 3

Voltage (V)
Figure 4. Forward |-V characteristics of the JB&ddi, PND and SBD.

V. Conclusions

GaN JBS diodes were fabricated using very thinr(@0) and extremely highly Mg
doped (2x18& cn1®) p*-GaN layer as the p-type layer of p-n junction. @witting p-GaN
layers in conventional ‘pGaN/p-GaN/nGaN vertical p-n junction diodes, device
processing has been eased because of shallowathipgtand a series resistance by the
p-GaN was neglected. Expected JBS nature with lomon voltages and low specific
on-resistancesRin<0.3 mQcn?) have been obtained. These results are helpful for
improving vertical structure GaN power devices.
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