
Introduction

The STDES-SICGP4 reference design is based on SiC MOSFETs.
The platform contains a half-bridge structure that supports HiP247-4 (TO247-4) packages. Gate driver and isolated auxiliary
supply are also assembled. The external connection of a digital signal to the gate drivers inputs allows controlling MOSFETs by
switching to a half-bridge structure. For instance, this kit allows testing the switching performance of the MOSFETs, using the
double-pulse test method (DPT).
This document shows an example of a switching energies test, using DPT, as well as measured waveforms and results
calculated from them.
The main board specification and the input/output connection are detailed in UM3044. Read this user manual before testing the
platform.
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1 Test setup

1.1 Test conditions and equipment
The switching energies have been tested for a gate resistor 10 R at 800 V for the following current points Is = 10
A, 20 A, and 40 A. The tested MOSFET is the SCTWA70N120G2V-4.
The measuring setup consists of:
• an HV power supply connected to J1, J2, J5, and J6 terminals; this power supply defines the voltage level

for which the switching energy is measured
• an oscilloscope to measure signals through the low side MOSFET:

– the HV voltage probe is connected to the drain and source
– the coaxial shunt is applied to the source path
– the current probe measures the current through an inductor

• a low voltage power supply for the input side of DC-DC converters and gate drivers
• a signal generator (for example, an MCU board or a single output generator with programmable rectangular

waveform) to control the DPT flow

Figure 1. Measuring setup for DPT - block diagram
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1.2 Probes implementation
• Current is sensed by a coaxial shunt. The shunt reference point is connected to the low side MOSFET

source. The coaxial shunt is connected to the oscilloscope by a coaxial cable.
• The low side MOSFET voltage drain to source is measured by a passive HV probe. The reference point of

the HV probe is connected by the shortest way to the body of the coaxial shunt (see Figure 2. HV probe and
coaxial shunt connection). It minimizes the noise impact to the measured signal.

• Set deskew in the oscilloscope to compensate the difference in the voltage probe and coaxial shunt different
cable length.

Figure 2. HV probe and coaxial shunt connection

It is useful to use the gate source signal measurement for the initial test. However, the probe should be 
disconnected for the energy measurement, as it partly shorts the kelvin source and MOSFET source through 
the oscilloscope.
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2 Measurement results

The turn on/off energy is visible on the right side in measurements shown in the following figures.

Figure 3. Turn on waveform at 10 A

• Ch3 (blue) - Vds
• Ch4 (violet) - Is
• Ch6 (yellow) - inductor
• Math 1 (light blue) power = Vds

Figure 4. Turn on waveform at 20 A

• Ch3 (blue) - Vds
• Ch4 (violet) - Is
• Ch6 (yellow) - inductor
• Math 1 (light blue) power = Vds
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Figure 5. Turn on waveform at 40 A

• Ch3 (blue) - Vds
• Ch4 (violet) - Is
• Ch6 (yellow) - inductor
• Math 1 (light blue) power = Vds

Figure 6. Turn off waveform at 10 A

• Ch3 (blue) - Vds
• Ch4 (violet) - Is
• Ch6 (yellow) - inductor
• Math 1 (light blue) power = Vds
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Figure 7. Turn off waveform at 20 A

• Ch3 (blue) - Vds
• Ch4 (violet) - Is
• Ch6 (yellow) - inductor
• Math 1 (light blue) power = Vds

Figure 8. Turn off waveform at 40 A

• Ch3 (blue) - Vds
• Ch4 (violet) - Is
• Ch6 (yellow) - inductor
• Math 1 (light blue) power = Vds

The figures above shows the waveforms of VDS and Is. The result of these values is the power generated by the
MOSFET.
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The current spike visible in the on characteristic is the result of the opposite MOSFET diode recovery. The energy
oscillations during the turn off transient drops partly under the zero. It refers to the fact that there is a voltage
spike above the bus voltage after turn off. This spike is the charge stored in the output capacitance. This charge is
discharged back to the DC bus voltage. During the discharging period, the MOSFET output capacitance works as
a generator. Therefore, it is possible to see the negative energy.
The energy loss is calculated as the integral of the MOSFET power present during the transient. The area for the
integral calculation is defined by cursors. The turn off end is considered as the first cross of the power through the
zero level. The real turn on losses are higher as this method does not measure the output capacitance discharge.
This energy is implemented in the turn off energy level.

Table 1. Switching energies measured at Rg = 10 R

IS EON EOFF

10 A 520 µJ 89 µJ

20 A 875 µJ 195 µJ

40 A 1631 µJ 498 µJ
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3 Schematic diagrams

Figure 9. STDES-SICGP4 main board circuit schematic - power section
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Figure 10. STDES-SICGP4 main board circuit schematic - signal section
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Figure 11. STDES-SICGP4 driver circuit schematic
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Figure 12. STDES-SICGP4 DC-DC isolated converter circuit schematic
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4 Bill of materials

Table 2. STDES-SICGP4 bill of materials

Item Q.ty Ref. Part/value Description Manufacturer Order code

1 1
Table 3. Main
board bill of
materials

- Main board ST Not available for
separate sale

2 1 Table 4. Driver
bill of materials - Driver ST Not available for

separate sale

3 1
Table 5. DC-DC
converter bill of
materials

- DC-DC converter ST Not available for
separate sale

Table 3. Main board bill of materials

Item Q.ty Ref. Value Description Manufacturer Order code

1 1 C1 CAP CER 1206 2.2uF 50V X7R
20%, 1206

Ceramic
capacitor Any Any

2 2 C3, C6 CAP FOIL RBOX 22uF 1.2kV PP
5% Foil capacitor Vishay MKP1848H62212JY5

3 1 C5 Not
Assembled CAP 22.5-26x13 Foil capacitor Any Any

4 2 C11, C12 CAP CER 0805 50V, 0805 Ceramic
capacitor Any Any

5 1 C16 CAP CER 0603 X7R, 0603 Ceramic
capacitor Any Any

6 2 C25, C26 Not
Assembled CAP CER 2220 C0G, 2220 Ceramic

capacitor Any Any

7 1 H1 SK 575 84 SA Heatsink Fischer
Elektronik SK 575 84 SA

8 6 J1, J2, J3, J4,
J5, J6

CONN WP-THRBU, M4, 8p,
10x10mm Connector Wurth Elektronik 74650094R

9 1 P1 CON HDR 2.54mm 4pin 1row Header 4 Any Any

10 1 P2 CON PCB TERMINAL 2-pole
5mm Socket Wurth Elektronik 691213710002

11 2 P3, P4 CON SMA THR ANGLE PLUG SMA Wurth Elektronik 60311002111526

12 1 P5 CON MMCX SMD STRAIGHT
PLUG

MMCX
Connector Amphenol 908-NM22109

13 2 Q1, Q2 SCTWA70N120G2V-4, HiP-247-4 Silicon carbide
power MOSFET ST SCTWA70N120G2V-4

14 1 R13 Not
Assembled SSDN-414 Coaxial CVR Coaxial shunt Billmann

Engineering -

15 1 R14 RES 0603 50R 1% 125mW, 0603 Resistor Any Any

16 2 R17, R18 RES 0805 10k 250mW 1%, 0805 Resistor Any Any

17 1 R22 RES 2818 20mR 10W 1%, 2818 Resistor Vishay WSHP2818R0200FEB

18 4 TP2, TP3, TP4,
TP5 TP THR 1.6mm Test point Keystone

Electronics 5011

19 2 U1, U2 Gate driver module Sub board Any Any

20 2 - Retaining springs for transistors Spring Fischer
Elektronik THFU 4
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Item Q.ty Ref. Value Description Manufacturer Order code

21 2 - Insulation foil for transistors Isolation foil Fischer
Elektronik WS 247 1

Table 4. Driver bill of materials

Item Q.ty Ref. Value Description Manufacturer Order code

1 2 C1, C8 33p, 0603 Ceramic capacitor Any Any

2 4 C2, C5, C6, C7 100n, 0603 Ceramic capacitor Any Any

3 1 C3 330n, 0805 Ceramic capacitor Any Any

4 1 C4 100n, 0805 Ceramic capacitor Any Any

5 2 C9, C10 1u, 0805 Ceramic capacitor Any Any

6 1 D1 STPS1L40ZF, SOD123 Flat 40 V, 1 A low drop
power Schottky rectifier ST STPS1L40ZF

7 1 J1 Jumper PCB Jumper Any Any

8 1 P1 Control PCB connector Any Any

9 1 P2 Power PCB connector Any Any

10 1 P3 DC/DC Prim., 4 pin x 1 Header 2.54 4pin x 1 Any Any

11 1 P4 Output PCB connector Any Any

12 1 P5 DC/DC Sec., 3 pin x 1 Header 2.54 3pin x 1 Any Any

13 1 P6 Header 2x1, 2 pin x 2 Header 2.54 2pin x 2 Any Any

14 2 R1, R2 270R, 0603 Resistor Any Any

15 2 R3, R7 Not
Assembled NA, 0603 Resistor Any Any

16 1 R4 0R, 0805 Resistor Any Any

17 2 R5, R6 10R, 1210 Resistor Any Any

18 1 U3 STGAP2HSCMTR, SO 8
WIDE 300

Galvanically isolated 4 A
single gate driver ST STGAP2HSCMTR

19 1 U4 L78L33ABUTR, SOT-89 Positive voltage
regulator ST L78L33ABUTR

Table 5. DC-DC converter bill of materials

Item Q.ty Ref. Value Description Manufacturer Order code

1 2 C1, C6 CAP CER 0805 1uF 50V X7R 10%, 0805 Ceramic capacitor Any Any

2 2 C2, C8 CAP CER 270p 0603 50V C0G 10%,
0603 Ceramic capacitor Any Any

3 2 C3, C10 CAP CER 0805 2.2uF 50V X7R 10%,
0805 Ceramic capacitor Any Any

4 2 C4, C9 CAP CER 10uF 35V 1206 X7R 10%,
1206 Ceramic capacitor Any Any

5 1 C5 CAP CER 100nF 50V 1206 X7R 10%,
1206 Ceramic capacitor Any Any

6 1 C7 CAP CER 680pF 50V 0603 C0G 10%,
0603 Ceramic capacitor Any Any

7 1 C11 CAP CER 470nF 50V 0603 X7R 10%,
0603 Ceramic capacitor Any Any

8 1 C12 CAP CER 68nF 50V 0603 X7R 10%,
0603 Ceramic capacitor Any Any
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Item Q.ty Ref. Value Description Manufacturer Order code

9 1 C13 CAP CER 10pF 50V 0603 C0G 10%,
0603 Ceramic capacitor Any Any

10 2 D1, D2 STPS1H100MF, STmiteFLAT 00 V, 1 A STmite flat
power Schottky rectifier ST STPS1H100MF

11 1 P1 CON SOCK 2.54mm 4pin 1row Header Receptacle 4
pins 1 row Any Any

12 1 P2 CON SOCK 2.54mm 3pin 1row Header Receptacle 3
pins 1 row Any Any

13 2 Q1, Q2 BC817-40, SOT23 NPN Transistor Any Any

14 1 R1 RES 910R 0805 125mW 1%, 0805 Resistor Any Any

15 1 R2 RES 15k 0603 100mW 1%, 0603 Resistor Any Any

16 1 R3 RES 2.4k 0805 125mW 1%, 0805 Resistor Any Any

17 1 R4 RES 1.2k 0805 125mW 1%, 0805 Resistor Any Any

18 1 R5 RES 120k 0603 100mW 1%, 0603 Resistor Any Any

19 1 R6 RES 2k4 0603 100mW 1%, 0603 Resistor Any Any

20 1 R7 RES 6k8 0603 100mW 1%, 0603 Resistor Any Any

21 2 R8, R9 RES 12k 0603 100mW 1%, 0603 Resistor Any Any

22 1 TR1 WE-AGDT gate drive transformer, SMD Transformer Wurth Elektronik 750317894

23 2 U1, U2 TL431ACL3T, SOT23 Adjustable micropower
shunt voltage reference ST TL431ACL3T

24 1 U3 L6986ITR, HTSSOP16 38 V, 5 W synchronous
iso-buck converter ST L6986ITR
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5 Conclusions
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Appendix A Reference design warnings, restrictions and disclaimer
Important: The reference design is not a complete product. It is intended exclusively for evaluation in laboratory/

development environments by technically qualified electronics experts who are familiar with the dangers and
application risks associated with handling electrical/mechanical components, systems and subsystems.

Danger: Exceeding the specified reference design ratings (including but not limited to input and
output voltage, current, power, and environmental ranges) may cause property damage,
personal injury or death. If there are questions concerning these ratings, contact an
STMicroelectronics field representative prior to connecting interface electronics, including
input power and intended loads. Any loads applied outside of the specified output range
may result in unintended and/or inaccurate operation and/or possible permanent damage
to the reference design and/or interface electronics. During normal operation, some circuit
components may reach very high temperatures. These components include but are not
limited to linear regulators, switching transistors, pass transistors, and current sense
resistors which can be identified in the reference design schematic diagrams.

STMicroelectronics reference designs are solely intended to assist designers ("buyers") who are developing
systems that incorporate STMicroelectronics semiconductor products (herein, also referred to as "components").
The buyer understands and agrees that he/she is the only responsible for independent analysis, evaluation
and judgment in designing his/her own systems and products. STMicroelectronics has conducted only the
measurements and tests specifically described in the published documentation for the specified reference design.
STMicroelectronics may correct, enhance, improve its reference designs for future development.
STMicroelectronics reference designs are provided "as is". STMicroelectronics does not promise that reference
designs are accurate or error free. STMicroelectronics makes no warranties or representations with regard to the
reference designs or use of the reference designs, express, implied or statutory, and specifically disclaims all
warranties, express or implied, as to the accuracy or completeness of the information contained therein.
STMicroelectronics disclaims any warranty of title and any implied warranties of merchantability, fitness
for a particular purpose and non-infringement of any third-party intellectual property rights concerning
STMicroelectronics reference designs or their use. STMicroelectronics shall not be liable for and shall not
defend or indemnify buyers against third-party infringement claim that relates to or is based on a combination
of components provided in an STMicroelectronics reference design.
In no event shall STMicroelectronics be liable for any actual, special, incidental, consequential or indirect
damages, however caused, on any theory of liability and whether or not STMicroelectronics has been advised of
the possibility of such damages, arising in any way out of STMicroelectronics reference designs or buyer's use of
STMicroelectronics reference designs.
You further acknowledge and agree that the reference designs may not be used in or in connection with any legal
or administrative proceeding in any court, arbitration, agency, commission or other tribunal or in connection with
any action, cause of action, litigation, claim, allegation, demand or dispute of any kind.
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Revision history

Table 6. Document revision history

Date Revision Changes

05-Oct-2022 1 Initial release.
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IMPORTANT NOTICE – READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2022 STMicroelectronics – All rights reserved
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