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1. Introduction 
This Reference Guide describes the specifications, usage, and characteristics in the E3D SiC MOSFET Module 

Gate Driver (hereinafter referred to as “this design”). 
Switching devices used in power conversion equipment for industrial applications, such as motor drives, 

railway vehicle inverters and converters, and energy storage systems (ESS), must support high voltages and 
large currents. IGBT modules using Si (silicon) have traditionally been widely used for these applications. In 
recent years, SiC MOSFET modules using SiC (silicon carbide), which offer faster switching characteristics than 
IGBTs and excellent operation in high-temperature environments, have become increasingly common. The use 
of SiC MOSFET modules enables smaller and more efficient equipment. 

This design is a gate driver that provides isolated drive for a SiC MOSFET module containing two devices in 
an E3D package. Isolation between the primary-side circuit in the signal input section and the secondary-side 
circuit in the output section is implemented using the TLP2861L high-speed communication photocoupler 
(under development), which provides longer creepage and clearance distances than conventional products. A 
creepage distance of 15mm and a clearance distance of 14.2mm are secured between the primary and 
secondary sides. 

The N-channel MOSFET SSM6K804R used as a buffer enables high-current gate drive. The design also 
incorporates protection circuits, including DESAT (desaturation) detection and an active Miller clamp. Each 
section can be adjusted to match the SiC MOSFET module being driven and the actual specifications. When 
making adjustments, refer to the Design Guide, the datasheets for the SiC MOSFET module and other mounted 
components, and the related documents. 

A two-tier structure connects the two circuit boards vertically. This achieves a size equivalent to the E3D 
package while maintaining the creepage and clearance distances described above. Because the board can be 
mounted directly above the SiC MOSFET module, it is easy to handle and reduces parasitic inductance in the 
wiring. 

When using this design in an actual application, consider creepage and clearance distances, design for an 
appropriate operating voltage according to the applicable safety standards and operating environment, and 
perform sufficient verification and evaluation on the actual equipment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1 This Design Mounted Directly on a Toshiba E3D SiC MOSFET Module 
 

  

https://toshiba.semicon-storage.com/ad/semiconductor/product/mosfets/detail.SSM6K804R.html?utm_source=PDF_RD&utm_medium=content&utm_campaign=rd256rg
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2. Appearance and Specifications 
2.1. Specifications 

Table 2.1 lists the characteristics of this design. 
 
 

Table 2.1 Specifications 
Item Specification 

Control supply voltage DC 24V 
Number of drive channels 2ch: Low-side and High-side 

Gate control signal input INPUT 
H level 4.0V to 5.0V 
L level 0V to 1.8V 

Gate drive frequency 50kHz (Max) 

Enable signal input INPUT 
H level 4.0V to 5.0V 
L level 0V to 1.8V 

Gate drive output +20V (Typ.) / -6.7V (Typ.) 
Fault detection output Collector output (2ch) 

Protection functions 

Gate drive voltage UVLO 
Overcurrent protection upon DESAT detection 

Soft turn-off upon DESAT detection 
Active Miller Clamp (AMC) 

Board size 62 x 100mm 

Board structure 

FR-4, 1.6mm thick, four layers  
Copper thickness: outer layers 18μm,  

inner layers 35μm,  
Silkscreen and component mounting on both sides 
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2.2. Block Diagram 
Figure 2.1 shows a block diagram to understand the function. 

 

 
Figure 2.1 Block Diagram 

 

2.3. Appearance 
Figure 2.2 shows the appearance of this design. 

 
Figure 2.2 External View of This Design 

Board Size: 62mm x 100mm 
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2.4. PCB Component Layout 
Figure 2.3 and Figure 2.4 show the component layout of the input board and output board. 

 
 

<Front Side> 
 
 

<Back Side> 
Figure 2.3 Input Board Component Layout 
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<Front Side> 
 
 

<Back Side> 
Figure 2.4 Output Board Component Layout 
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3. Schematic, BOM, and PCB Layers 
3.1. Schematic 

Refer to following files: 
RD256-SCHEMATIC1-xx.pdf (Input board) 
RD256-SCHEMATIC2-xx.pdf (Output board) 
(xx is the revision number.) 

 

3.2. BOM (Bill of Materials) 
Refer to following files: 
RD256-BOM1-xx.pdf (Input board) 
RD256-BOM2-xx.pdf (Output board) 
(xx is the revision number.) 

 

3.3. PCB Layers 
Figure 3.1 and Figure 3.2 show the PCB layers of the input board and the output board respectively. 
Refer to following files: 
RD256-LAYER1-xx.pdf (Input board) 
RD256-LAYER2-xx.pdf (Output board) 
(xx is the revision number.) 
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<L1 (Top Layer)> 
 
 

<L2> 
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<L3> 
 
 

<L4 (Bottom Layer)> 
 

Figure 3.1 Input Board PCB Pattern Diagram (Top View) 
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<L1 (Top Layer)> 
 

<L2> 
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<L3> 
 
 

 <L4 (Bottom Layer)>  
 

Figure 3.2 Output Board Pattern Diagram (Top View) 
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4. Operating Procedure 
This section describes the operating procedure for this design. 

4.1. Names and Functions of Each Part 
4.1.1. Power and Signal Connector (CN1) 
Figure 4.1 shows the external connection terminals of this design. The area outlined in red is the power and 
signal connector (CN1). 
 

Figure 4.1 External Connection Terminals 
 
The board is equipped with power and signal connector CN1 and uses the XG4A-1431 manufactured by 
OMRON. 
 

Table 4.1 Connector (CN1) 
Pin# Signal name I/O Description Pin# Signal name I/O Description 

1 GND - GND 2 VDD - Control supply 
voltage 

3 B_FLT O 
Low-side fault detection 

output (collector output with 
resistor) 

4 B_INA I Low-side gate 
control signal input 

5 A_INA I High-side gate control signal 
input 6 B_ENA I Low-side enable 

signal input 

7 A_ENA I High-side enable signal input 8 A_FLT O High-side fault 
detection output 

9 VP_5_A O High-side 5V power output 10 VP_5_B O Low-side 5V power 
output 

 
 
 
  

Connector 
(CN1) 

Pin 1 Pin 2 

Pin 9 Pin 10 
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4.1.2. Through-Holes for SiC MOSFET Module (P1, P2, P4, P5, P7, P11, P12) 
These through-holes are used to connect to the terminals of the SiC MOSFET module. 

 
 

Figure 4.2 Through-Hole Layout on the Board Surface 
 
 

Table 4.2 Through-Hole Specifications 
Through-hole 

name Description (SiC MOSFET module terminal) 

P1 Thermistor 
P2 Thermistor 
P4 High-side gate terminal 

P5 Common High-side source-sense / Low-side drain-
sense terminal 

P7 High-side drain-sense terminal 
P11 Low-side gate terminal 
P12 Low-side source-sense terminal 

 
 
  

P2 P1 P5 P4 P7 

P11 P12 
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4.2. Preparation 
・ Connect the input board and output board. When connecting them, ensure that the orientation of the 
silkscreen text on the board surfaces matches. If the orientation is incorrect, the vertical positions of the 
input and output boards will be offset. 
・ Place this design on the SiC MOSFET module and confirm that the seven signal terminals fit into the 
through-holes of this design (see the red circles in Figure 4.2). 
・ Solder the seven signal terminals (red circles) to the through-holes of this design to establish electrical 
connections. 

 
 

4.3. Operation Check (SiC MOSFET Module Fitted) 
Perform the operation check with this design electrically connected to the SiC MOSFET module. 
Check DC operation using the following procedure. 

(1) Insert a socket with a flat cable into CN1. 
(2) To avoid triggering the overcurrent protection function, short P2-P4 using hook clips or equivalent when 

measuring the High-side gate drive output voltage, and short P5-P8 using hook clips or equivalent when 
measuring the Low-side gate drive output voltage. 

(3) Without applying voltage to the main terminals (P and N terminals) of the SiC MOSFET module, apply the 
24V control supply voltage to CN1. 

(4) Apply voltages to the gate control signal input terminals and enable signal input terminals according to 
Table 4.3, and check the gate drive output and fault detection output. 

 
Table 4.3 High-side and Low-side Operation Check 

Gate control signal 
input voltage (CN1: 

pins 4 and 5) 
 
 

Enable signal input 
voltage (CN1: pins 6 

and 7) 
 
 

Gate drive output voltage 
Measurement points: P4(+)-

P5(-), P11(+)-P12(-) 
 
 

Fault detection output voltage 
Measurement points: CN1 (pins 

3 and 8) 
 

No input or 0V No input or 5V -6.7V±5% 

5V 5V 20V±5% 
No input or 0V 0V -6.7V±5% 5V 

 
  



 
RD256-RGUIDE-01 

2026-09-30 
Rev.1 

16 / 17 © 2026 
  Toshiba Electronic Devices & Storage Corporation 

Common Precautions for Evaluation 
 
Please read and follow the precautions below to ensure safe evaluation work. 
 
● Precautions for Electric Shock Prevention 
 Before applying power, confirm that the polarity of connectors, terminals, and wiring is correct. 
 Some parts of the board may be exposed to high voltage. Do not touch the board or components 

while power is applied. 
 Even after the power is turned off, capacitors may retain residual charge. Ensure that all capacitors 

are fully discharged before touching the board. 
 When measuring voltage or current waveforms, take sufficient precautions to avoid electric shock 

and maintain a safe distance. 
 
● Precautions for Burn Prevention (High-Temperature Components) 
 MOSFETs, diodes, inductors, coils, and semiconductor devices may become very hot during 

operation. Handle them carefully to avoid burns. 
 Under high load conditions, heat generation increases. Use appropriate cooling (such as fans). 
 Component temperatures may remain high immediately after power-off. Allow sufficient cooling 

time before touching. 
 
● Precautions for the Evaluation Environment 
 During operation checks, implement safety measures such as covering the board with a 

non-conductive enclosure if necessary (e.g., acrylic case). 
 When using motors or other moving parts, take measures to prevent contact during operation. 
 For designs with shunt or jumper settings, verify that the settings are correct before operation. 

 
● Other Precautions 
 Loads connected to output terminals may generate heat. Pay attention to load temperature rise. 
 Keep flammable and conductive materials away during evaluation to avoid short circuits and 

accidents. 
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Terms of Use 
 
This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We”) and Customer who downloads or 
uses this Reference Design. Customer shall comply with this terms of use. This Reference Design means all documents and data 
in order to design electronics applications on which our semiconductor device is embedded. 
 
Section 1. Restrictions on usage 
1. This Reference Design is provided solely as reference data for designing electronics applications. Customer shall not use this 

Reference Design for any other purpose, including without limitation, verification of reliability. 
2. Customer shall not use this Reference Design for sale, lease or other transfer. 
3. Customer shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high 

electromagnetic environments. 
4. This Reference Design shall not be used for or incorporated into any product or system whose manufacture, use, or sale is 

prohibited under any applicable laws or regulations. 
5. This Reference Design shall not be used in any manner that is contrary to the precautions specified by us. 
 
Section 2. Limitations 
1. We reserve the right to make changes to this Reference Design without notice. 
2. This Reference Design should be treated as a reference only. WE ARE NOT RESPONSIBLE FOR ANY INCORRECT OR 

INCOMPLETE DATA AND INFORMATION. 
3. Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this Reference 

Design, Customer is 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 
semiconductor devices could cause loss of human life, bodily injury or damage to property, including data loss or corruption. 
Customer must also refer to and comply with the latest versions of all relevant our information, including without limitation, 
specifications, data sheets and application notes for semiconductor devices, as well as the precautions and conditions set 
forth in the "Semiconductor Reliability Handbook". 

4. Designing electronics applications by referring to this Reference Design, Customer must evaluate the whole system 
sufficiently. Customer is solely responsible for applying this Reference Design to Customer's own product design or 
applications. WE ASSUME NO LIABILITY FOR CUSTOMER'S PRODUCT DESIGN OR APPLICATIONS. 

5. WE SHALL NOT BE RESPONSIBLE FOR ANY INFRINGEMENT OF PATENTS OR ANY OTHER INTELLECTUAL PROPERTY RIGHTS 
OF THIRD PARTIES THAT MAY RESULT FROM THE USE OF THIS REFERENCE DESIGN. NO LICENSE TO ANY INTELLECTUAL 
PROPERTY RIGHT IS GRANTED BY THIS TERMS OF USE, WHETHER EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE. 

6. THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME 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 (b) DISCLAIM ANY AND 
ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO THIS REFERENCE DESIGN, INCLUDING WITHOUT 
LIMITATION, WARRANTIES OR CONDITIONS OF FUNCTION AND WORKING, WARRANTIES OF MERCHANTABILITY, FITNESS 
FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT. 

 
Section 3. Terms and Termination 
It is assumed that Customer agrees to any and all this terms of use if Customer downloads or uses this Reference Design. We 
may, at its sole and exclusive discretion, change, alter, modify, add, and/or remove any part of this terms of use at any time 
without any prior notice. We may terminate this terms of use at any time and without any cause. Upon termination of this terms 
of use, Customer shall eliminate this Reference Design. Furthermore, upon our request, Customer shall submit to us a written 
confirmation to prove elimination of this Reference Design. 
 
Section 4. Export Control 
Customer shall not use or otherwise make available this Reference Design 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). This Reference Design may be controlled under the applicable export laws and regulations 
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Act and the U.S. Export Administration 
Regulations. Export and re-export of this Reference Design is strictly prohibited except in compliance with all applicable export 
laws and regulations. 
 
Section 5. Governing Laws 
This terms of use shall be governed and construed by laws of Japan, without reference to conflict of law principle. 
 
Section 6. Jurisdiction 
Unless otherwise specified, Tokyo District Court in Tokyo, Japan shall be exclusively the court of first jurisdiction for all disputes 
under this terms of use. 
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