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Design and performance optimization of high-voltage termination
structure for h-BN/B-Ga,0; heterojunction power diode
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Abstract: Gallium oxide (B-Ga,O;), as an ultra-wide bandgap semiconductor with a bandgap of
approximately 4.9 eV, exhibits a high critical breakdown electric field of 8 MV-cm ' and an excellent
Baliga's figure of merit. These properties render it highly advantageous for next-generation high-voltage and
low-power consumption power electronics. However, its device performance is limited by challenges in
achieving p-type doping. Hexagonal boron nitride (h-BN), a high-performance ultra-wide bandgap
semiconductor material with a bandgap of approximately 6.0 eV, not only demonstrates an exceptionally

high breakdown electric field and thermal conductivity but also facilitates more stable p-type doping
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compared to B-Ga,O;. This characteristic presents an ideal material solution to address the p-type doping
challenges inherent in traditional -Ga,O; devices. Based on the h-BN/B-Ga,O; heterojunction diode (HID),

this paper proposes a composite terminal structure combining trenches and field-limiting rings to further

suppress electric field crowding at the device edge and increase the breakdown voltage, so as to address the

issue of low breakdown voltage (V) in conventional Ga,0; diodes. Compared with a basic Ga,0; Schottky
diode with a V of 416 V, the proposed h-BN/B-Ga,0; heterojunction diode achieves a ¥V of 524 V,

representing a 25.96% improvement in voltage resistance. After optimizing the device termination structure,

the final breakdown voltage increases to 2480 V, achieving a performance enhancement of 373.28%. This

work effectively addresses the challenges of p-type doping in Ga,0O; and electric field concentration through

the design of the h-BN/B-Ga,0; heterojunction and high-voltage termination structure, offering a significant

technical reference for the development of high-voltage Ga,O; diodes.
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Fig. 1 Schematic diagram of the Ga,0O; diode structure. (a) Ga,0; Schottky diode; (b) basic h-BN/pB-Ga,0; HID structure; (c) h-BN/f-
Ga,0; HJD with field plate structure; (d) h-BN/B-Ga,O; HID with single FLR structure; (¢) h-BN/B-Ga,O; HID with four FLR

structure
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F1 HEHEXH B-Ga,0; HASH

Table 1 Partial parameters of f-Ga,0; defined in simulation

®2 HEHEXHh-BNEHSSH
Table 2 Partial parameters of h-BN defined in the simulation
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Fig. 2 Electric field distribution of h-BN/B-Ga,0; HID.

(a) Breakdown field distribution of the basic structure; (b) field
distribution of the field plate structure
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Fig. 3 Electric field distribution and breakdown voltage under different field-limiting ring numbers N. (a) Electric field distribution;

(b) surface electric field distribution at breakdown; (c) breakdown voltage
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Fig. 4 Breakdown voltage and electric field distribution for h-
BN with different P~ doping densities. (a) Breakdown voltage;
(b) Electric field distribution; (c) Surface electric field
distribution at breakdown
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Fig. 5 Effect of different structural parameters on breakdown voltage. (a) Breakdown voltage corresponding to different ring spacings
D, when D,=2.8 um, D;=3.2 um, and D,=3.6 um; (b) breakdown voltage corresponding to different ring spacings D, when D;=2.3 um;
(c) breakdown voltage corresponding to different ring spacings D; when D;=2.3 pm and D,=2.5 pm; (d) breakdown voltage
corresponding to different ring spacings D, when D=2.3 um, D,=2.5 um, and D;=3.1 um; (e¢) breakdown voltage corresponding to
different trench depths 7 after determining ring spacings; (f) breakdown voltage corresponding to different trench widths W after

determining ring spacings and T’
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