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The ultra-wide bandgap semiconductor [B-GazOg3 exhibits excel-
lent material properties and availability of large-area (6-inch) sub-
strates, showing great potential for next-generation power diodes
requiring high current, high breakdown voltage (BV), low on-
resistance (Ron), and low loss. Thus, developing 3-GazOs diodes
capable of handling hundreds of amperes and kilovolts is cru-
cial [1-5].

This work demonstrates two vertical S-GasOs diodes with
different active areas featuring a magnetron-sputtered 20-nm p-
Crz03 film and a semi-insulating beveled edge termination (ET).
The 4-mm? device achieves a record 2530 V BV and 9.5 mQ-cm?
specific on-resistance (Ron,sp) for a power figure of merit (PFOM)
of 674 MW /cm?—the highest among GazO3 diodes >1 mm?2. The
25-mm? device maintains 2000 V BV while delivering 100 A at
10 V and 68 A surge capability. Both devices exhibit negligible
reverse recovery loss.

Experiments. The schematic cross-section of the p-Cr203/n-/3-
Gag O3 heterojunction diode (HJD) with a semi-insulating beveled
ET is shown in Figure 1(a), using epitaxial wafers (NCT Corp.,
Japan) with parameters as listed. The C-V characteristics in Fig-
ure 1(b) yield a carrier concentration of 8x10'® ¢cm™3 for the p-
CraO3 layer.

Device fabrication began with electron-beam evaporation of a
Ti/Au (80/200 nm) bilayer, followed by annealing at 475°C for
1 min in Ng for Ohmic contact formation. A 20-nm p-Cr2Os3
layer was then sputtered (160 W RF, 5 mTorr Ar). A Ni/Au/Ni
(50/150/50 nm) anode stack was deposited, which also functioned
as a self-aligned etch and implantation mask. The beveled mesa
(~77°) was defined by ICP etching (BClz/Ar, 7:1; 300 W
ICP/50 W RF; 5 mTorr) to a depth of 500 nm. Nitrogen ion
implantation (~100 nm depth) created the semi-insulating region,
and both electrodes were thickened to >1 pm for high forward
current (Iy).

Results and discussion.  Figures 1(c) and (d) show for-
ward characteristics of 4-mm? and 25-mm? HJDs. For the

device with 4-mm? active area, Ip reaches 12 A at 5 V

and 28.5 A at 10 V, with a maximum [Irp of approxi-
mately 40 A. The minimum Ron is 237 mQQ. For the
25-mm? active area device, it delivers 32 A at 5 V and 100 A
at 10 V, exhibiting a minimum Ron of 66 mS2. The lowest Ron sp
is 9.5 mQ-cm? for the 4-mm? device and 16.5 mQ-cm? for the
25-mm? device.

Figures 1(e) and (f) present the log-scale BV characteristics
of HJDs with and without ET across different active areas. The
4-mm? HJDs with ET show a BV of 2435-2535 V. The calcu-
lated PFOM is 674 MW /cm?2, which is the highest reported among
large-area (>1 mm?) B-GagOgs diodes. The 25-mm? HJDs with
ET achieve a BV of 1810-2000 V and yield a calculated PFOM of
242 MW /cm?.

Figures 1(g) and (h) compare the minimum Ron,sp versus BV
and the maximum I versus PFOM of our HJDs against other
state-of-the-art, large-area (>1 mm?) B-GagOs diodes, respec-
tively. The 4-mm? HJD achieves a BV of 2535 V and a PFOM
of 674 MW /cm?2, which is the highest among all 8-Ga203 diodes
over 1 mm?. Furthermore, our 25-mm? HJD delivers Ir ~100 A
at 10 V, a first for 5-Ga203, and maintains a high BV of 2000 V.
These results confirm the strong potential of high-Ig, high-BV,
and high-PFOM diodes for next-generation power applications.

Figures 1(i) and (k) show the reverse recovery characteristics
of the 4-mm? and 25-mm? diodes at different I levels. For the
4-mm? device at Iy of 10, 20, and 30 A, reverse recovery time
(Trr) is stable at ~25 ns, with reverse recovery current (I.;) at
~3.2 A and reverse recovery charge (Qrr) at ~50 nC. For the
25-mm? device at I of 10, 30, and 50 A, T}, is 40-50 ns, with I,
at 2.0-2.2 A and Qr at 50-60 nC. Figures 1(j) and (1) compare
our diodes with commercial SiC JBS devices (CRXU30D065G2).
At 30 A, the 4-mm? HJD outperforms SiC (Tyr = 31 ns, Iir &
3.9 A, Qrr =~ 65 nC) in all parameters. At 50 A, the 25-mm? HIJD
matches SiC performance (Trr &~ 44 ns, I;r = 2 A, Qir = 57 nC).
The test circuit details can be found in Appendix A.

Figure 1(m) presents the I/V waveforms for various surge cur-
rent tests of the 4-mm? $-Gaz O3z HJD under an 8.3 ms-wide half-
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Figure 1 (Color online) (a) Cross-sectional diagram of the 8-Gaz O3 HJID; (b) C-V characteristic of the 3-Gax O3 HID; forward characteristics

of (¢) 4-mm? and (d) 25-mm? HJDs; comparison of breakdown characteristics with and without ET for (e) 4-mm? and (f) 25-mm? 8-Ga2O3
HJDs in log scale; key relationships for representative state-of-the-art large area (>1 mmz) B-Gaz O3 diodes: (g) BV vs. minimal Ron ¢p and
(h) PFOM vs. Imax; (i)—(1) reverse recovery characteristics of the 4-mm? and 25-mm? diodes at varied forward currents, and their performance
comparison versus a commercial SiC JBS diode; (m)-(p) surge current/voltage waveforms (insets: I-V loops) for the 4-mm? and 25-mm?
B-Gaz O3 HJDs under a half-sine pulse, and their corresponding surge energy and power at various currents.

sinusoidal current waveform, achieving a maximum surge current
of 15 A, with the inset showing loops derived from time-resolved
data. Figure 1(n) illustrates the surge energy versus surge current
for the 4-mm? HJD, with extracted values of 0.52 J and 122 W,
respectively, and with its inset displaying the surge power versus
time at the peak surge current of 15 A. Figure 1(o) shows the
1)V waveforms for surge current tests of the 25-mm? 3-GagOs3
HJD, reaching a maximum surge current of 68 A, with its inset
displaying the corresponding surge current I-V loops. Figure 1(p)
demonstrates the surge energy versus current characteristics for
the 25-mm? HJD, with the inset depicting the surge power versus
time curve at the peak surge current of 68 A. The corresponding
surge energy and power are measured to be 3.74 J and 834 W,
respectively.

The higher voltage required during surge testing compared
to DC measurements at identical currents stems from significant
Joule heating induced by transient stresses. This thermal accu-
mulation also governs the evolution of surge I-V loops, primarily
due to the lack of thermal management in our simple packaging.
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