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Ti/4H-SiC Schottky diode with breakdown voltage up to 3 kV

D A Knyaginin, S B Rybalka, A Yu Drakin, A A Demidov
Bryansk State Technical University, Brynask, 50 let Oktyabrya 7, Russia

Abstract. In this study the breakdown voltage for Ti/4H-SiC type Schottky diode with six
guard rings and JTE layer has been calculated by mean of numerical simulations. It is
established that increase of the n-type 4H-SiC epitaxial layer from 14 up to 20 pm and addition
of JTE layer lead to increase of breakdown voltage value on ~900 V in contrast to the same
diode without JTE. The above-mentioned diode's structure gives the possibility for designing
and production of diode with higher breakdown voltage value up to 3 kV.

1. Introduction

It is known that the silicon carbide Schottky diodes on the base of semiconductor material such as the
silicon carbide (SiC) is promising for the development of power electronics, microelectronics and
optoelectronics devices [1]. For instance, SiC type Schottky diodes for power electronics now is
produced by domestic company the ZAO «GRUPPA KREMNY EL» (Bryansk). It is clear that for
development of component base on the base of SiC studying and optimization of such important
device as Schottky diode it is necessary. The 4H-SiC type Schottky diodes without guard rings have
been studied in our previous works [2—4]. In present work the main goal is studying of thickness of the
epitaxial layer (4H-SiC) and addition of JTE (Junction Terminate Extension) on breakdown voltage
4H-SiC Schottky diode with Ti Schottky anode contact with guard rings for increasing of breakdown
voltage value using physical simulation methods in the ATLAS program.

2. Materials and methods

In Fig. 1a shown the schematic silicone carbide Schottky diode structure for calculation. For numerical
simulation were chosen the following the Schottky diode parameters: the concentration of donors

(nitrogen) in the substrate equals N =10" ecm™, in the n-type epitaxial layer (nitrogen) equals
N~ =4,75x10" ¢cm” , in the guard rings (boron, depth of guard about 2 um) regions N = 10" ecm™,

in the JTE layer concentration N, =10'7 ¢cm™, anode material is Ti (titanium), the thickness of the

epitaxial layer (4H-SiC) was chosen equals 14 and 20 um, the radius of the structure equals =600 pum.
The simulation of the reverse current-voltage (I-V) characteristics has been carried out in the ATLAS
program, with taking into account close to reality situation the incomplete impact ionization and
anisotropy in the direction (0001) by the Hummel-Newton method.

3. Results and discussion
Fig. 1b shows the reverse I-V characteristics of Schottky diode with thickness of the epitaxial layer (/)

and distance between rings (/) calculated in ATLAS for diode with JTE (4=20 um, /=2,5 um). As
follows from Fig. 1b the diode breakdown starts at 2,87 kV i.e. breakdown voltage value equals ~3
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kV. For comparison in Fig. 1b also presented /I-V characteristics of Ti/4H-SiC Schottky diodes with
reduced thickness of the epitaxial layer (h=14 um) and increased distance between guard rings (/=5
pm) and without JTE layer. In this case the value of breakdown voltage value equals 1,94 kV.

500 4X10-2 T T T
um \ [ _a—diode with JTE
Anode 3,5x107 (h=20 pm; /=25 pm) H
pt P4 [ph (P4 [PY (P4 B — & —diode without JTE
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3 80um (JTE)
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Figure 1. (a) Ti/4H-SiC silicone carbide Schottky diode schematic structure in cylindrical
coordinates for calculation; (b) reverse I-V characteristics of Ti/4H-SiC Schottky diodes with
different of thickness of the epitaxial layer (/#) and distance between rings (/) calculated in ATLAS
for diode with JTE (A=20 pum, /=2,5 pm) and without JTE (A=14 pm, /=5 pm).

Thus, the increase of the 4H-SiC epitaxial layer thickness from 14 up to 20 pm and a decrease of the
distance between the guard rings from 5 to 2.5 um and also the addition of the JTE layer leads to a
significant increase of the breakdown voltage of the diode on ~ 900 V. In addition, on the basis of
analysis of the distribution of the impact ionization rate it is established that the maximum values of
the velocity of impact ionization rate (2325 cm™-s™") are reached in the area between first and second
guard rings. Therefore, with aim to reduce the probability of breakdown in this place the depth of the
JTE layer must be increase.

4. Conclusions.

The perspective Ti/4H-SiC Schottky diode with six guard rings and JTE layer was projected on the
basis of numerical simulation on physical analytical model in ATLAS program. It is shown that
breakdown voltage up to ~3 kV corresponds to Schottky diode structure with the 4H-SiC epitaxial
layer thickness of 20 um, distance between p+ guard rings of 2.5 pm and JTE layer with a width of 80
pum.
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