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SiC Schottky Barrier Diodes



Characteristics of SiC SBDs

Reverse Recovery Time (trr)/Reverse Recovery Current (Irr) vs. Temperature
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Test Conditions: VR = 400 V 
IF = 6 A
Tj = 150˚C
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Due to a major shift in customer focus to environmentally friendly, 
clean energy sources, market demand is increasing for power 
devices that will make it possible to achieve low-loss and 
high-efficiency power conversion. Silicon carbide (SiC), a wide-gap 
semiconductor, is expected to be a material for the next-generation 
high-voltage, low-loss power devices because its critical breakdown 
field is more than eight times that of silicon (Si). 
While Si SBDs are available with a VRRM of only up to 200 V, 
Toshiba's new SiC-based Schottky barrier diodes (SBDs) provide 
higher reverse voltage (VRRM) because of low leakage current in the 
high-temperature region. 
SiC SBDs are ideal for power conversion applications such as server 
power supplies and solar power conditioners. At high voltage and 
high current, the operation of SiC SBDs is more stable than that of 
the conventional Si SBDs. Therefore, SiC SBDs help to significantly 
reduce the loss of power through heat.

SiC SBDs are majority carrier devices and have the same structure 
as Si SBDs. Fabricated with a wide-gap semiconductor, SiC SBDs 
exhibit low leakage current even in the high-temperature region, 
making it possible to maintain stable operation at high voltage and 
high current. Toshiba's SiC SBDs have a Junction Barrier Schottky 
(JBS) structure to further reduce leakage current.

SiC Schottky barrier diodes help reduce the energy 
consumption and improve the power efficiency of 
power-hungry equipment.

Characteristic

Band gap

Electron mobility 

Relative dielectric constant 

Critical breakdown field E

Transistor performance limit
Ron.A (@600 V)

SiC(4H)

3.26 eV

1000 cm2/Vs

9.7

2.5 MV/cm

0.14 m .cm2

Si

1.12 eV

1400 cm2/Vs

11.8

0.3 MV/cm

70 m .cm2

 Physical property comparisons between Si and SiC

Features
Easily available 
Easy to process 
Inexpensive

Easy to reduce on-resistance 
Low leakage current at high temperatures
Easy to create designs with high 
withstand voltage

Majority carrier device with a Schottky barrier structure

Theoretically, SiC SBDs provide zero reverse recovery time, trr, 
because of the Schottky structure and majority carrier operation. In 
practice, however, SiC SBDs also have a reverse recovery region. Its 
reverse recovery time, trr, is as short as 20 ns (at Ta = 25°C), 
compared with Si high-efficiency diodes (HEDs) with a trr of 40 ns.

High-speed switching

Because SiC SBDs are majority carrier devices, their electrical 
performance is theoretically independent of temperature. Thus, SiC 
SBDs exhibit excellent performance even in the high-temperature region.

Recovery characteristics independent of temperature

SiC SBDs offer low total loss, which consists of conduction loss and 
switching loss. Therefore, SiC SBDs can switch at high frequencies, 
making it possible to reduce the size of power supplies.

Lower total loss than Si HEDs (as tested by Toshiba)

Server power 
supply

Inverter

Solar panel

Power conditioner

JBS Structure

Comparison of Reverse Recovery Time, trr,
Between a SiC SBD and a Si HED Diode (Tj = 150˚C)

* HED: High-Efficiency Diodes



Superior in the
high-temperature region

Packaging

650/1200-V SiC SBD Lineup
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There is a trade-off between the forward voltage (VF) and reverse current (IR) of an 
SBD. 
Toshiba is endeavoring to improve the VF-IR trade-off by optimizing the device 
structure. Our SiC SBDs exhibit low loss even in the high-temperature region and 
thus help reduce power loss.

Outstanding VF-IR trade-offs at high temperaturesFeature 1 Low VF temperature coefficientFeature 2

Toshiba's SiC SBDs have low dependence on forward 
voltage, VF, making it possible to reduce conduction 
loss in the high-temperature region.

VF – IR Trade-offs at Tc = 25°C and 175°C Forward Voltage (VF) vs. Temperature

Company A
Company B
Company C
Toshiba SiC SBD

Toshiba's Schottky Barrier Diodes

D2PAKTO-220-2L TO-220F-2L TO-247 TO-3P(N)



Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information in this document, and related hardware, 
software and systems (collectively “Product”) without notice.

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA’s written permission, reproduction is 
permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for complying with safety standards and 
for providing adequate designs and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could 
cause loss of human life, bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create designs including the Product, or 
incorporate the Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without 
limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor 
Reliability Handbook" and (b) the instructions for the application with which the Product will be used with or for. Customers are solely responsible for all aspects of their own product 
design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the 
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c) 
validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR 
RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR 
SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation, equipment 
used in nuclear facilities, equipment used in the aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling 
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric power, and equipment used in finance-related 
fields. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any infringement of patents or any other intellectual 
property rights of third parties that may result from the use of Product. No license to any intellectual property right is granted by this document, whether express or implied, by 
estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR PRODUCT, AND TO THE MAXIMUM 
EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR 
INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, 
AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING 
WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for the design, development, use, stockpiling 
or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass destruction weapons). Product and related software and technology may be 
controlled under the applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration 
Regulations. Export and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please use Product in compliance with all 
applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO 
LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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