Key Engineering Materials Submitted: 2025-09-12

ISSN: 1662-9795, Vol. 1055, pp 45-50 Revised: 2025-12-21
doi:10.4028/p-CFg0Cb Accepted: 2026-03-16
© 2026 The Author(s). Published by Trans Tech Publications Ltd, Switzerland. Online: 2026-05-19

Characteristics of High Current 4H-SiC Schottky Barrier Diodes

Lan Luo™@, Yu Zhong"?’, Peng Cui'<", Ziang Zhao', Lei Ge'®, Yingxin Cui'f,
Mingsheng Xu'9, Xiangang Xu'", Jisheng Han'%" and Yaohao Wang?/

'Institute of Novel Semiconductors, State Key Laboratory of Crystal Materials, Shandong
University, Jinan, 250100, China

2Summit Power Semiconductor Co., Ltd., Guangzhou, 511400, China

3lan.luo@mail.sdu.edu.cn, Pyu.zhong@sdu.edu.cn, °pcui@sdu.edu, 9202334091 @mail.sdu.edu.cn,
¢leige@sdu.edu.cn, ‘cuiyingxin@sdu.edu.cn, xums@email.sdu.edu.cn, j.han@sdu.edu.cn,
lwangyaohao@summitpower.com

Keywords: 4H-SiC, SBD, High Current, Large-area, Temperature.

Abstract. Silicon carbide (SiC) Schottky barrier diodes (SBDs) have become critical components in
power electronics due to their excellent high-voltage, high-temperature tolerance, and fast switching
capability. However, increasing the device area to improve current-carrying capability increases the
total number of defects, which leads to an increase in reverse leakage current and a reduction in wafer
yield. To improve current distribution uniformity within SiC module packaging, reduce system size
and weight, and enhance the current-carrying capacity and high-temperature stability of a single SBD,
this paper develops 750V/100A and 1200V/100A SiC SBDs on 6-inch wafers. For the 750V/100A
device, the corresponding forward voltage drop (VF) at forward current (Ir) of 100 A is 1.68 V. For
the 1200V/100A device, the corresponding Vr is 1.75V. Calculation based on the current voltage
characteristics shows that the ideal factors of 750V/100A and 1200V/100A devices are 1.01 and 1.04,
respectively, which are very close to 1. It demonstrates excellent Schottky contact and a high-quality
interface. The devices exhibit high-temperature stability, meeting the demands of high-temperature
applications.

Introduction

In industrial power applications, there is a demand for 4H-SiC SBDs with the capability for a high
current [1, 2]. These devices have a great potential in fields such as new energy vehicles, switching
power supplies, and industrial motor drives [3-5]. Considering the usage scenarios of these
applications, enhancing power density is a key issue that assists in improving the system's efficiency.
In a high-current module, using the high-current SiC SBDs contributes to the reduced number of
chips, and it can increase the uniformity of the current distribution within the module packaging [6].
However, a challenge for high-current SiC SBDs is that increasing the active area to maintain high
currents increases the likelihood of encountering material defects. This leads to an increase in reverse
leakage current (Ir) and ultimately reduces wafer yield [7, 8]. Therefore, this paper investigates the
fabrication of two high-current SiC SBDs with specifications (750V/100A and 1200V/100A).

In contrast to conventional 1on implantation techniques, this paper proposes a design that employs
an epitaxial etching process to fabricate the terminal P+ region. This method not only achieves
excellent junction terminal protection but also significantly reduces manufacturing costs[9].
Consequently, the device ensures enhanced reverse blocking voltage capability and reduced Ir. Static
characteristic tests of 750V/100A and 1200V/100A SiC SBDs on 6-inch SiC wafers were conducted
in the temperature range from room temperature to 240 °C. The devices present superior properties,
including high current, low Ir, and favorable capacitance characteristics. They maintain stable
operation even under high-temperature conditions, thereby meeting the urgent demand for high-
performance SiC power diodes in high-temperature and high-frequency power modules.
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Experimental

The schematic diagram of the 4H-SiC SBDs is shown in Fig. 1(a). The devices in this study were
fabricated on 6-inch n-type 4H-SiC single-crystal epitaxial wafers of high quality. The p-type
terminal region was patterned by photolithography and inductively coupled plasma (ICP) etching,
with its cross-sectional view shown in Fig. 1(b). The terminal protection was accomplished by
employing polyimide/silicon nitride (SiN). A nickel (Ni) metal layer was deposited on the rear side
of the wafer, followed by high-temperature annealing to form an ohmic contact with the SiC substrate.
The titanium (Ti) and aluminum (Al) metal layers were deposited on the n-type SiC epilayer to
establish the Schottky contact. Based on the aforementioned process, two large-area single-chip SiC
SBDs with different specifications were successfully fabricated. The active region areas were
21.5 mm? and 38.9 mm? for the 750V/100A and 1200V/100A devices, respectively. Photographs of
the fabricated samples are shown in Fig. 1(c) and 1(d). The yield of the 750V/100A and 1200V/100A
SiC SBD is 85.4 % and 76.4 %.
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Fig. 1. (a) The schematic cross-section of the 4H-SiC SBD structure. (b) The cross-sectional view
of the epitaxial etching termination area. (¢c) 750V/100A SiC SBD and (d) 1200V/100A SiC SBD
fabricated in the 6-inch SiC wafers.
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Result and Discussion
Forward characteristics at different temperatures

The static characteristics and temperature stability of the devices are evaluated at various
temperatures from 30 °C to 240 °C. The forward characteristic curves of the 750V/100A and
1200V/100A devices at low current are shown in Fig. 2(a) and 3(a), respectively. Test results indicate
that under lower forward current (Ir), the forward voltage (V) of the device decreases with increasing
temperature, exhibiting a negative temperature coefficient. This behavior is primarily attributed to
the thermionic emission mechanism of the Schottky barrier, where electrons at higher temperatures
possess greater energy and can more easily overcome the Schottky barrier. At low forward current,
the current-voltage (I-V) characteristics of the SBD typically follow thermionic emission theory.
Thus, the forward I-V characteristics can be used to derive the key parameters of SBDs. Calculations
show that the Schottky barrier heights (SBH) of 1.31 eV and 1.14 eV for the 750V/100A and
1200V/100A devices, respectively, with ideal factors (n) of 1.01 and 1.04, respectively, both very
close to 1. This indicates that current conduction in both devices is almost entirely dominated by
thermionic emission, with the effects of interface states or tunneling effects being negligible,
confirming the excellent quality of the Schottky contacts and interfaces.
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Fig. 2. Forward characteristic curves of 750V/100A SiC SBD at (a) low forward current, and (b)
high forward current.

The forward characteristic curves of the 750V/100A and 1200V/100A devices at high current are
shown in Fig. 2(b) and 3(b), respectively. When Vg = 1.7 V, the forward current density of the
750 V/100 A SBD decreases from 476 A/cm? at 30 °C to 259 A/cm? at 240 °C. The forward current
density of the 1200 V/100 A SBD decreases from 240 A/cm? at 30 °C to 111 A/cm? at 240 °C.
Meanwhile, under the same Ir, Vr shows significant positive temperature coefficients, rising to
2.54 V (AVr = 0.86 V) for the 750V/100A device and 3.19 V (AVr = 1.44 V) for the 1200V/100A
device at 240 °C. This phenomenon is primarily attributed to the increase in the intrinsic resistance
of the SiC material and the significant decrease in carrier mobility with rising temperature.
Calculation results indicate that at 30 °C, the 750V/100A SiC SBD exhibits a specific on-resistance
(Ron-sp) of 1.6 mQ-cm?, while the Ron-sp of the 1200V/100A SiC SBD i1s 3.3 mQ-cm?®. However, as the
temperature increases from 30 °C to 240 °C, the Ronsp of the 750V/100A device significantly
increases to 4.1 mQ-cm?, while the Ronsp of the 1200V/100A device increases to 10.4 mQ-cm?.
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Fig. 3. Forward characteristic curves of 1200V/100A SiC SBD at (a) low forward current,
and (b) high forward current.

Reverse characteristics at different temperatures

Fig. 4(a) and 4(b) show the reverse characteristics of 750V/100A and 1200V/100A SiC SBD
devices at different temperatures. Test results indicate that the Ir of devices is positively related to
temperature. Under a reverse voltage (Vr) of 750 V and room temperature, the Ir of the 750V/100A
device is 13.5 pA. As the temperature increases to 240 °C, the Ir of the 750V/100A device increases
to 1.3 mA. For the 1200V/100A device, Ir is 14.8 pA at Vr = 1200 V and 30 °C; after the temperature
rose to 240 °C, the Ir increased to 1.8 mA. The increase in Ir at high temperatures is primarily
influenced by the combined effects of thermionic emission current, barrier height lowering, and
tunneling current.
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Fig. 4. Reverse characteristic curves at different temperatures of (a) 750V/100A SiC SBD and (b)
1200V/100A SiC SBD.

Capacitance characteristics

One of the main advantages of SiC SBDs is their ultra-fast switching speed and extremely low
switching losses. This study conducted a detailed analysis of their capacitance characteristic. This
characteristic is crucial for calculating and predicting the switching losses of the device in actual
circuits. Capacitance characteristics are measured at a frequency of 1 MHz, and the results are shown
in Fig. 5(a).

Capacitive charge (Qc) and capacitance stored energy (Ec) are core electrical parameters of SiC
SBDs. Qc quantifies the total charge stored under reverse bias in SiC SBDs, which directly determines
reverse recovery losses and dynamic turn-on response speed. Ec quantifies the magnitude of energy
stored through capacitive effects. It is used to evaluate capacitive discharge losses during switching
cycles and the risks of circuit surge. Based on the integration results of the capacitance-voltage
characteristics, Fig. 5(b) and 5(c) show the characteristic curves of Qc and Ec versus voltage for the
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750V/100A and 1200V/100A devices, respectively. The corresponding Qc and Ec values for specific
VR are summarized in Table 1.
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Fig. 5. (a) Capacitance-voltage characteristics; (b) Capacitive charge curve; (¢) Capacitance stored
energy curve.

Table 1. Capacitance, Qc, and Ec at specific voltages of 750V/100A and 1200V/100A devices.

Devices Capacitance [pF] Qc [nC] Ec [uJ]
750V/100A (@Vr =400 V) 347 220 29
1200V/100A (@Vr =800 V) 374 423 105

Summary

This study successfully produces high-current SiC SBD devices rated at 750V/100A and
1200V/100A. Their electrical characteristics are analyzed in the temperature range of 30 °C to
240 °C. Test results indicate that the fabricated 4H-SiC SBDs exhibit excellent static characteristics,
with an ideal factor approaching 1, demonstrating superior interface quality. They maintain good
thermal stability even at elevated temperatures. Consequently, these SiC SBDs show significant
application potential in high-voltage, high-power, high-temperature, and high-frequency fields.
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