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Analysis of the Electrical Characteristics of the 3-Ga>O3 JFET by Using Nitrogen Doping
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Abstract: In this study, we proposed B-Ga203 JFET using nitrogen doping and analyzed the electrical characteristics. In f-Ga20s,

nitrogen ions act as a deep acceptor and are used to implement the current blocking layer. By using this characteristic of the

nitrogen ion, in the proposed JFET, nitrogen ions are used to obtain gate control and pinch off the channel of the JFET. The

numerical TCAD simulation was performed to design and analyze the proposed JFET. The simulated forward and reverse

characteristics of the proposed JFET were obtained as a function of JFET width and nitrogen doping concentration. The

maximum breakdown voltage of 1.7 kV was obtained with the on-resistance of 16.7 mQ-cm? when the channel width was 1.5

um and nitrogen doping concentration is 1x10'8/cm?, respectively.
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Fig. 1. Cross-sectional view of the 3-Ga203 JFET by using nitrogen

doping used in the simulation.

Table 1. Device parameters used in simulation.

Parameter Value

Cell pitch 4 um
B-Gax0s epi. concentration 1x10'¢ /cm?

B-Ga20s epi. thickness 10 pm

Trench gate depth 1 um

Nitrogen concentration 1x10"8/cm3, 1x10" /cm?

Nitrogen implant depth 0.5 um

JFET channel width 1.0~3.0, at 0.5 pm intervals

< 1~3 ym W0 0.5 ymA] WA on, A
TigE gode 1x10"/cm’n} 1x107/cm’e] &
Z10] 0.5 pm9] box profile & AFE5IYTH A4 o] 2
Y F99] Zlo] o] 7Hs5HA & &lstr] sl SRIM
sofolds aestRien, Algdold ZAa} JFET
Q5 =3t 0.5 pm Z10]9] box profileg 47| ¢
s A= 50, 100, 200, 300, 350 keV9] £} o{x|7} H
Q3 Ae AT £ Ao 2™ 20 A4 o2 &% 9
UA| Hatof] o2 SRIM Al&2fo]d ZaHE Yet et

Al &80l oA Chynowethe's lawE £4 st Selbe
rrherr’s model2 impact ionization model2 A}-235}
¥ o0, impact ionization A4+ of2fj et 2},

a,=Ay - eXp[—B—EN] (1)
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Fig. 2. Nitrogen depth profile simulation results according to ion
implantation energy.
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(b)

Fig. 3. Depletion width and electric field distribution according to
JFET channel width when the Vpnin=1,000 V: (a) JFET channel

width, Wen=1 pm and (b) JFET channel width, Wcn=2 pm.
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Fig. 4. (B-Ga:Os; JFET breakdown voltage simulation results

according to nitrogen doping concentration and channel width.
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Fig. 5. 3-Ga>0s3 JFET threshold voltage simulation results according

to nitrogen doping concentration and channel width.
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Fig. 6. Jprain - Vprain simulation results according to nitrogen doping
concentration and channel width.
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