Lolalll

4™ Generation SiC MOSFET
Half Bridge Evaluation Board
User’s Manual

User’s Guide




TO-247N(-4L) Half-Bridge Evaluation Board User’s Guide

<High Voltage Precautions>
<{>Before you start operation!

This document describes only how to handle evaluation boards for SiC MOSFETs
(P04SCT4018KE-EVK-001, P05SCT4018KR-EVK-001).

Please refer to the product specifications for detailed information on schematics, BOM,
layout, etc.

In order to ensure safe operation, please read this document thoroughly
before using the evaluation board!

Also, depending on the voltage used and the structure of the board,

life-threatening voltages may be generated.
Be sure to strictly observe the precautions in the box below.

[<Before Use>
@ Make sure that no parts are damaged or missing, for example because the board has been dropped.
@ Make sure that no conductive objects have fallen on the board.
3 When soldering the module to the evaluation board, be careful of solder splattering.

@ Make sure that there is no condensation or water droplets on the board.
<During Energization>
® Make sure that no conductive objects come into contact with the board.

® During operation, even a brief accidental contact or discharge due to bringing your
hand near the board may result in serious or life-threatening injury.

Never touch the board with bare hands or bring it too close to your hand.
Also, be careful when working with conductive instruments such as tweezers or screwdrivers, as
described above.

@ If a higher voltage than the rated voltage is applied, the parts may explode depending on the
specification conditions such as short circuit. Also consider the danger of parts scattering.

During operation, be careful of discoloration of the board and components due to heat, liquid
leakage, etc., and condensation when evaluating at low temperature.
<After Use>

©® The evaluation board may contain a circuit that stores high voltage. Even if the connected power
supply circuit is disconnected, it still stores electric charge, so be sure to discharge it after use and
confirm that it is discharged before handling.

Be careful of burns, etc. caused by contact with overheated components.

This evaluation board is to be used in research and development facilities and can only be
used by persons who are authorized to handle high voltage in each facility. When
working with high voltages, it is recommended to install signage such as “high voltage work
underway,” to use a cover with interlocks, etc., and to wear protective goggles to ensure a
safe working environment. Please read the cautionary note on short circuit protection for
this board at the beginning of this document.

© 2022 ROHM Co., Ltd. No. 63UGO60E Rev.001
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SiC MOSFET Evaluation Board

4™ Generation MOSFET Evaluation Board
User’s Manual

This user guide explains how to use the evaluation board to evaluate 4" Generation SiC MOSFETs.

SiC MOSFETs handle high voltage and high current and need to be evaluated under various conditions to determine the
operating conditions for optimizing EMC noise and power supply efficiency. However, creating an appropriate evaluation
environment is not an easy task. To solve this problem, we have prepared an evaluation board that allows you to easily set various
conditions for evaluating the switching characteristics, so that you can efficiently evaluate SiC MOSFETSs.

This user guide explains how to handle the evaluation boards for the TO-247N package and TO-247-4L. For detailed information

on product specifications, please refer to “4" generation SiC MOSFET Evaluation Board Product Specifications”

This evaluation board does not have a short circuit protection function for the evaluation
device.

Therefore, even with the normal evaluation method, if the usage deviates from the electrical
specifications (maximum current, etc.) of the evaluation device selected by the customer, the
device may be severely damaged with a popping sound. Therefore, never use the evaluation
board in a way that deviates from the specifications of the evaluation device. Also, take
precautions to prevent fragments from scattering and use protective equipment in case severe

1. Introduction

Since this board has multiple voltage and signal sources supplied from external sources, be sure to follow the on/off sequence

specified below to avoid problems such as destruction.

Power On Power Off
Sequence Sequence
Vcc HVdc
12V 800 V
v v
CLK CLK
5.0V 5.0V
v v
HVdc Vcc
800 V 12V

Figure 1 On/Off sequence

© 2022 ROHM Co., Ltd. No. 63UGO060E Rev.001
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In addition, this board is designed with the optimum gate drive circuit for "SCT4018KE" or "SCT4018KR" as a default setting,
surely other devices in "TO-247N" or "TO-247-4L" packages can also be mounted and evaluated. In this case, change the gate
drive circuit constants according to the characteristics of each device, referring to "4. How to set the gate drive voltage" and "5.

How to set the gate resistance”.

Table.1 shows the lineup and specifications of the 4" generation SiC MOSFET series.

RON(Typ) - Tj(MaX) -
Product Name | Vbss(V) Package
- (A) | (W) (°C) g

SCT4045DE 115 TO-247N
SCT4026DE 750 26 56 176 \
SCT4013DE 13 105 312
SCT4062KE 62 26 115
SCT4036KE 1200 36 43 176
SCT4018KE 18 81 312
SCT4045DR 45 34 115 17 TO-247-4L
SCT4026DR 750 26 56 176
SCT4013DR 13 105 312 H
SCT4062KR 62 26 115
SCT4036KR 1200 36 43 176 |
SCT4018KR 18 81 312

© 2022 ROHM Co., Ltd. No. 63UGO060E Rev.001
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2. LED Display

The board is equipped with a number of LEDs to make it easy to monitor the board’s operating status.

The approximate locations of the LEDs are shown in Figure 2 and their details are shown in Table 2.

[ HS_Vcc2 ON | HV alive

-
0
n

D

3%

~N

v
2

L L0d
HNv-€221L

[ LS Vcc2 ON | (@) PCBO004P for TO-247N

[ HS Voc2 ON |

HV alive PCBOOSP Rev.C

LED301

L L0d
HNv-£22L

~bias V.

| LS Vcc2 ON |

(b) PCBOO05SP for TO-247-4L

Figure 2. LED Location

© 2022 ROHM Co., Ltd. No. 63UG060E Rev.001
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Table 2 LED lights and their meanings

Silkscreen LED  |LED lighting| Details
notation

Lit
HV alive Red
Off
Lit
+5V_ON Green
Off
HS Voc2 ON Lit
LS Vcc2 ON
Off

The LED lights up when there is a voltage of 20 V or more in the high-voltage
power supply HVdc. Never touch the board when this LED is lit, as it may be
lit even when the high-voltage power supply is disconnected.

HVdc voltage is 20 V or less.
Lit during normal operation. When lit, control power (+12 V) is being output.
No control power is applied.

Lit during normal operation. The gate drive isolated power supply is rising
normally.

No gate drive isolated power supply is being output.

3. Connector Pin Assignment

Connector pin assignments are shown in Figure 3.

The definitions of each signal and power pin are shown in Table 3 and Table 4.

1)

@)

®)

(4)

(6)

CN1 (H-side signal input connector)

2| 02 sGND

DI 01 IN_H_CLK

CN101 (L-side signal input connector)

'] 02 sGND

D] 01 IN_H_cLK

CN201 (Control power supply power connector)

2] 02 sGND

@1 o1 vee

JP51 (H-side negative bias/0 V switching connector)

q 4

VEE_HS
GND2_HS
SOURCE_HS

JP151 (L-side negative bias/0 V switching connector)

3

VEE_LS
GND2_LS
SOURCE_LS

Figure 3 Connector pin assignment (Top view)

© 2022 ROHM Co., Ltd.

No. 63UG060E Rev.001
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Table 3 Definition of power supply pins

Power supply
pin

T1

T2

T3

HVdc

Vsw

PGND

High-voltage input pin
The input pin during buck or inverter operation, but the output pin during boost
operation.

Power source pin of H-side MOSFET and drain pin of L-side MOSFET
This pin is connected in the board and cannot be disconnected.

Power GND pin
Connected to SGND on the input signal side.

Table 4 Definition of signal lines

e mm-_

02
CN101 01

02
CN201 01

02
JP51 01

02

03
JP151 01

02

03

IN H CLK Signal to turn on/off the H-side MOSFET. Turns on when at “H” level.
When open, it is pulled down with a 2.2 kQ resistor.
SGND -- Input signal side GND. Completely separated from the DUT side GND.
IN_ L CLK Signal to turn on/off the L-side MOSFET. Turns on when at “H” level.
When open, it is pulled down with a 2.2 kQ resistor.
SGND -- Input signal side GND.
Vcc - Power supply pin for driver IC and internal control. The gate drive power
supply is generated internally from this power supply.
SGND -- Input signal side GND.
SOURCE_HS -- PCB004P: SOURCE signal of H-side DUT.
PCB005P: DRIVER SOURCE signal of H-side DUT.
GND2_HS -- GND2 signal of H-side driver IC.
VEE_HS -- H-side negative bias power supply.
SOURCE_LS -- PCBO004P: SOURCE signal of L-side DUT.
PCB005P: DRIVER SOURCE signal of L-side DUT.
GND2_LS -- GND2 signal of L-side driver IC.
VEE_LS - L-side negative bias power supply.

© 2022 ROHM Co., Ltd.

No. 63UGO060E Rev.001
6/27 2022.2
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4. How to Set the Gate Drive Voltage

The gate drive voltage is supplied by an isolated flyback power supply mounted on-board. This flyback power supply uses a
photo-coupler-less control IC (BD7F200EFJ) manufactured by ROHM, and is equipped with transformers that output positive and
negative drive voltages on the HS and L-sides, respectively.

Figure 4 shows the layout of the on-board power supply.

H-side negative
bias switching
(JP51)

H-side isolation
Power supply
IC (U1)

Adjustment
RV51

H-side VEE2 B
' Adjustment

L-side VCC2
Adjustment

Power supply

L-side negative
IC (U101)

bias switching
(JP151)

Figure 4 Gate power supply configuration (Top view of PCB004P)
4.1 How to adjust the positive bias (VCC2)

The transformer (TX1, TX101) outputs of the isolated flyback power supply have a positive voltage and a negative voltage.
VCC2, which is the drive voltage (positive bias) of the MOSFET, is generated from the transformer positive output through LDO,
and the output voltage of LDO can be adjusted by the variable resistors RV51 and RV151. Rotating the variable resistors clockwise

increases the output voltage.

4.2 How to adjust the negative bias (VEE2)
The negative bias VEE2, which is the bias voltage when the MOSFET is off, is adjusted from the negative output of

transformers TX1 and TX101 by the shunt regulators SR1 and SR101 (TIV431 manufactured by TI) and by the variable resistors
RV51 and RV151 can be set in the range of -4.5 V to -2 V. VEEZ2 is supplied via the negative bias switching pins JP51 and JP151

to select between zero bias and VEE2 bias. The setting method is shown in Table 5.

Table 5 Negative bias (VEE2) setting method

JP51 01 SOURCE

JP151 DR'VER_SOURCE Pin 1 -2 connection: 0 V bias
setting
02 GND2 _ _ ,
Pin 2-3 connection: Negative
03 VEE bias setting
© 2022 ROHM Co., Ltd. No. 63UGO060E Rev.001
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5. How to Set the Gate Resistance

A gate resistor is provided to adjust the switching speed of the MOSFET, and diodes (D52, D152) are connected in order to

set the turn-off side low, so that the switching speed of turn-on and turn-off can be adjusted separately.

Turn-on: H-side R55
L-side R155
Turn-off: H-side R56, D52
L-side R156, D152

Figures 6 (a) and (b) show the mounted state of the gate drive circuits of TO-247N and TO-247-4L, respectively, and Figure 7
shows the circuit diagram of TO-247N.

The output signal of the ROHM MOSFET driver IC (BM61M41RFV-C) directly drives the MOSFET via the gate resistor. Since
the pattern inductance of the driver circuit affects the surge voltage characteristics of the gate-source signal, it is recommended
to keep the wiring length as short as possible, so the circuit is composed of a minimum number of adjustment components.

Since the pin assignment of the gate pin is different between TO-247N and TO-247-4L, the board layout is optimized for each

package.
\ (7S el Uk T 5 Y
1_95.\::(;:—1 i@E g~ Driver IC I Jos0S
Driver | ) o L P 3 1)
i (BM61M41RFV-C) [y [*_the
&l ==d O |
-Side Gate @
Resistor (Y
| e
Driver IC
(BM61M41RFV-
= Ml L-Side Gate | /
rohs K Resistor &l
TRIS4 ES) 1) S VEE Select)
(@) For TO-247N (PCB004P) (b) For TO-247-4L (PCBO05P)
Figure 6 Gate drive circuit mounted state
© 2022 ROHM Co., Ltd. No. 63UG060E Rev.001
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In the default setting, the turn-on and turn-off adjustment resistors have the same circuit configuration and are adjusted by
R55. However, if you want to set individual switching speeds for turn-on and turn-off, mount R56 and transmit the drive signal to
the MOSFET through resistor R55 for turn-on, and through D52 and R56 for turn-off. In this case, the gate resistor R55 is used
for turn-on, and R55 // R56 are connected in parallel for turn-off, resulting in faster turn-off.

Note that the footprint of diode D52 is for the anode and cathode, so it can be mounted in reverse. If the anode is connected
to the OUT pin of the driver IC (U2), the turn-on speed can be increased, so it can be used in different ways depending on the
characteristics of the device used.

Gate
EME1MA 1 RFY-C . TES3
SEor U2 onpal® Resistor 7
1 veoe WCC2| 4 D53 51
— TS Qs
LAY out12 2 et ="sov I
° 2 [ \ 5
NE MO N 01 S0V 1A 1005 *
<] T & NoP RT3 i
1 D52 RES RBO RE\‘::‘:’AM Dm‘,csz Mol »
olaros anpalt T oes REEOMM-40TR 3.30 a0 -80TR __ISWF 1
—t1e & o 40V 1A 172w 2012 60V 1A " 160a
— RS9 50V cB4 QS
o0 1005 || etuF, Hap
2012 N hl
1005

Figure 7 Gate driver circuit (PCB004P)

6. Gate-source voltage measurement using an optical isolation probe

This evaluation board has patterns CX51 and CX151 near the gate terminals at the H-side and L-side DUT, respectively, and
by mounting the connectors, gate-source voltage measurement using an optical isolation probe can be performed. By using an

optically isolated probe, interference from common-mode noise can be removed and more accurate waveforms can be obtained.

(a) Connector mounting pattern b) Measurement using an optical isolation probe

Figure 8.  Measurement method with Coaxial type shunt resistor

© 2022 ROHM Co., Ltd. No. 63UG060E Rev.001
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TO-247N(-4L) Half-Bridge Evaluation Board User’s Guide

7. How to Measure the Device Current

7.1 Measurement with a Rogowski-type current probe

This evaluation board has one through-hole (without plating) on each of the HS and L-sides, and a notch on the edge of the
board, so that the current flowing to each device can be easily measured using a Rogowski-type current probe. The H-side can
measure the current at the drain pin, and the L-side can measure the current at the power source side. Figure 9 shows the
appearance of the probe-related connections during measurement, and the enlarged photo shows the attachment of the current

probe.

Rogowski
Probe

0V

Rogowski l
Probe

Figure 9 Current measurement with a Rogowski-type current probe (PCB005P)

The head of the Rogowski-type current probe is available in various sizes, and the applicable head is shown in Figure 10, with

a diameter of 25 mm to 30 mm and a wire diameter of 3 mm or less.

25mm

1.7mm

ROGOWSKI COIL
CURRENT PROBE

30mm

3mm M——

Figure 10 Applicable head part of Rogowski-type current probe

© 2022 ROHM Co., Ltd. No. 63UGO060E Rev.001
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7.2 Measurement with a coaxial-type shunt resistor
Rogowski-type current probes can be used for measurement without breaking up the current path during measurement, so

that waveforms can be observed while reproducing the circuit used in the device. On the other hand, the frequency band of the
measurement is not very wide.

In addition to the Rogowski-type current probe, there are other methods for observing current waveforms, such as using a
clamp-type current probe or a shunt resistor, and it is necessary to select the measuring instrument that matches the
measurement conditions. Clamp-type current probes are not recommended because they require an extension of the wiring to
attach the probe, which affects the switching characteristics of the DUT to some extent. In addition, general shunt resistors
generate a large amount of noise due to their own package inductance, making it impossible to accurately measure the current
waveform during switching. Therefore, a coaxial-type shunt resistor that can measure the rise in current at the ns level should
be used to measure the switching characteristics of the DUT.

Table 6 shows a comparison of the characteristics of a general Rogowski-type current probe and a coaxial-type shunt
resistor. While the Rogowski-type has a measurement bandwidth of several tens of MHz, the coaxial type supports up to several

GHz.

Table 6 Comparison of the characteristics of a Rogowski-type current probe and a coaxial-type shunt resistor

Model SS-285A CWT3 TRCP0600 SDN-414-01 SDN-414-025  SDN-414-10
(Manufacturer) (IWATSU) (PEM) (Tektronix) (T&M Research) (T&M Research) (T&M Research)
HF frequency 30MHz 16MHz 30MHz 400MHz 1200MHz 2000MHz
di/dt or rise time 4A/ns 4A/ns N/A 1ns 0.3ns 0.18ns
(Peak Value) (N/A) (40A/ns)

This evaluation board has a layout that allows measurement with coaxial-type shunt resistors. Remove the resistor R321
(0.1 mQ) shown in Figure 11(a), disconnect the source line of the lower arm, solder the coaxial-type shunt resistor as shown in
(b), and measure the source current of the lower arm DUT. At that time, the GND side of the coaxial-type shunt resistor should
be the source side of the DUT, and the GND of the coaxial-type shunt resistor (GND in the oscilloscope) should be based on the
source side of the DUT. This is to prevent mismatch of the GND level when measuring the gate-source voltage Vs of the lower

arm DUT with a general passive probe.

8
0,
oY
s

z

b

(& R321 mounting position (b) Replaced with coaxial-type shunt resistor

Figure 11 Measurement method with coaxial-type shunt resistor

© 2022 ROHM Co., Ltd. No. 63UG060E Rev.001
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8. How to Mount the Heat Sink

When performing power conversion of several kW using this board, such as when taking efficiency measurements based on
the power supply topology, cooling by a heat sink or similar is essential because the power consumption of the device itself
reaches several tens of Watts. To install a heat sink, the device must be mounted on the solder side. The DUT is laid out on the
same side so that the commutation device can also be installed on the same heat sink. Figure 12 shows a schematic of the
mounting example, and Figure 13 shows a photograph of the mounted state. An equivalent product (33BS136) is available from

Sankyo Thermo-Tech with a thermal resistance of 1.16°C/W.

TOP VIEW

PLB

PCBE

SIDE VIEW

(Gooling 3

Heatsink

(a) Top view (b) Bottom view
Figure 13 Example of heat sink
installation

© 2022 ROHM Co., Ltd. No. 63UG0B0E Rev.001
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Output Bulk
Capacitor
- Heat Sink
DUT
(Mounted on the
v o : 3 solder side)
Input Bulk /
Capacitor , .
Figure 14 Measurement view of heat sink installation
Synch Buck (Vin=500V, Vout=250V)
Rg on/off=3.3Q, L=500uH, Fsw=50kHz
100
— ___-_-'_-'--——.
=
= 98
Q
c
Q2
Q
e 97
11|
o6 — SCT4036KR
— SCT3040KR
95
0 1,000 2,000 3,000 4,000 5,000
Pout(W)
Figure 15 Efficiency
(SCT4036KR, BUCK, Rg=3.3Q)
© 2022 ROHM Co., Ltd. No. 63UGO060E Rev.001
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9. Evaluation Board Connection Example

9.1 Double-pulse test for H-side MOSFET
Figure 16 shows a double-pulse test circuit using a MOSFET on the H-side.

+12V
Power ( -
PRIMERY - ECONDERY
Supply . - O\ Hvdc
i
_ ) g ? VEESEL DCR ICAP SNB
I Veel HS N—— ”
Gate Power | vCC2 ——@ PGND PGND POND
1o Ml BD7F200 | DUT_Hs
> [UVIO1 R
: Jl g -
HS-GAD) i 1
IN_H_CLK (s > W A B
/g’ VEE2 —
M| HS_GD

SGND = GND2 Ol Vsw
% DUT_LS
Pulse L uvior M |
Generator @ - 15GAD) ¥
(+5V output) IN_L_CLK g 5.6 VEE2 !
mf; GND2| o =
SGND L ‘
— LS_CS
LS 3 ™ 1
—
Gate Power e OJ PGND

LS-

BD7F200 VEESEL PGND
=
Y J

Figure 16 H-side double-pulse circuit

Prepare a pulse generator and connect the CLK signal to the IN_H_CLK pin (CN1 pin 1). Connect the 12 V power supply for
control to the Vcc pin (CN201) and the high-voltage HVdc power supply to the HVdc pin (T1). The operating procedure is as
follows.

@®  Turn on the power supply in the order of +12 V to HVdc.

@ Input a pulse signal using the pulse generator.
The maximum current lppeak) flowing through the inductor (L) can be roughly calculated by the following formula.

IpPEAK) = HVdC/L*Top_TTL[A].
HVdc: Applied voltage [V]
L: Inductor value [uH].
Top_tTL: Total time of double-pulse signal [ps]
Normally, the double-pulse signal is a single shot, but when it is applied periodically, it is necessary to ensure sufficient reset

time for the inductor current Ip (peak). Since the reset voltage is only equal to the forward voltage VF of the flywheel diode,
determine the rough time using:

TrsT = IpPeak)“L/VE [Us]
and ensure that the reset time Trst is about twice that value. Note that a heat sink is not necessary, but be careful not to raise

the temperature of the flywheel diode when performing repeated double-pulse tests.

© 2022 ROHM Co., Ltd. No. 63UG060E Rev.001
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9.2 Double-pulse test with L-side MOSFET

Figure 17 shows the double-pulse test circuit using the L-side MOSFET.

kS

Veel

IN_H_CLK nﬁ”
SGND 3;7

SGND

@

Pulse
Generator

(+5V output)

PRIMERY E SECONDERY
- S
t 3le VEESEL Rl NSRS SNB
HS e S
Gate Power | vCcC2 ——@ PGND PGND poND
N BD7F200
—>
HS-GAD)
g VEE2
N <
mHS_GD [
BM61M41 %
> [UvLO1] : ) Cemner | RCD-SNB
LS-GAD)
VEE2
LS_GD
iy GND2| o o
BM61M41 ‘
AL=d LS_CS
% ? —9 —
Ls VEE2 o
Gate Power IS
BD7F200 VEESEL I

OlHvdc

O) Vsw

OJ PGND

Figure 17 L-side double-pulse circuit

After preparing the pulse generator and connecting the external CLK signal to the IN_L_CLK pin (CN101 pin 1), the procedure

is the same as for the H-side.

© 2022 ROHM Co., Ltd.
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9.3 Boost power supply circuit
Figure 18 shows the boost operation test circuit in which the L-side MOSFET is switched.

PRIMERY E SECONDERY %wdc
A HS-
o t 3e VEESEL D SNB
| veel HS e — ”
Gate Power | vCcC2 ——@ PGND PGND poND
1o }j veel | YT | J
- e { i Load
HS-GAD)J
IN.H CLK (O)-e > [l
/g7 VEE2
M HS_GD ¥
SGND - GND2 ) Vsw
:77
Ly N Cemner | RCD-SNB
LS-GAD!
IN_L_CL S &3 VEE2
,g iy B GND2| o o
SGND v
= 1s.cs
Pulse . Sle o
S VEE2 o
Generator Gate Power i OJF PGND
(+5V output) BD7F200 VEESEL I
. y,

Figure 18 Operation test circuit based on boost circuit

First, prepare a pulse generator and connect the CLK signal to the IN_L_CLK pin (CN101 pin 1). Connect the 12 V power
supply for control to the Vcc pin (CN201), the load inductance to the Vsw pin (T2), the high-voltage HVdc power supply to the
load inductance, and the electronic load to the HVdc pin (T1) as shown in Figure 17. The HVdc side is the output, and since the
output capacitor is mounted on the board, it is basically not necessary. However, if the oscillation frequency is low, it is
recommended to add an appropriate value externally. In this case, ensure that the rated voltage of the capacitor is sufficient.

The operating procedure is as follows.

Turn on the +12 V power supply.
Set the switching frequency and duty ratio using the pulse generator and input the CLK signal.

Turn on the HVdc power supply.

® 00 e

Adjust the output current with an electronic load device.

In CCM mode, where the inductor current is continuous, the output voltage will be approximately as follows.
Vout=Vin/(1-Duty)
If the inductor current is discontinuous (output current is small), the output voltage will increase out of proportion to the duty ratio
(output voltage varies with load current). This is because the pulses are not thinned out due to the open-loop control, but since
the output voltage reaches several tens of times the input voltage, care must be taken to gradually increase the input voltage
while keeping track of the output voltage value. When increasing the load current, pay attention to the heat generation of the

evaluation device, and if necessary, install a heat sink capable of sufficient cooling or consider the ambient temperature.
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9.4 Two-level inverter circuit
Figure 19 shows the operation test circuit for a 2-level inverter with a half-bridge configuration.
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Figure 19 Operation test circuit for a 2-level inverter circuit

First, prepare a pulse generator and connect CLK signals to the IN_H_CLK and IN_L_CLK pins (CN1, CN101 pin 1).
Connect the 12 V power supply for control to the Vcc pin (CN201) and the load inductance to the Vsw pin (T2). Prepare two
high-voltage HVdc power supplies with the same voltage, connect them in series, and connect the upper one to the HVdc pin
(T1) and the lower one to the PGND pin (T3). Connect a smoothing capacitor and an AC load to one side of the load inductance
and connect its return line to the middle point of the series-connected high-voltage HVdc power supply.

When the AC output is on the + side, the H-side switches, and when it is on the - side, the L-side switches, and by controlling

the duty cycle of the CLK signal, a sinusoidal voltage is output.

The operating procedure is as follows.

Turn on the +12 V power supply.
Set the switching frequency and duty ratio using the pulse generator and input the CLK signal.

Turn on the HVdc power supply.

® 0o e

Adjust the output current with an AC load device.

When increasing the load current, pay attention to the heat generation of the evaluation device, and if necessary, install a heat

sink capable of sufficient cooling or consider the ambient temperature.
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9.5 Synchronous rectification-type buck power circuit
Figure 20 shows the buck operation test circuit using an H-side MOSFET.
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Figure 20 Operation test circuit based on synchronous rectification-type buck power supply circuit

Prepare a pulse generator and connect CLK signals from outside to the IN_H_CLK pin (CN1, pin 1) and IN_L_CLK pin
(CN101, pin 1). Connect the 12 V power supply for control to the Vcc pin (CN201), the high-voltage HVdc power supply to the
HVdc pin (T1), and the load inductance to the Vsw pin (T2). Connect the smoothing capacitor and load to one side of the load
inductance. Since the HVdc side is the input, the input capacitor is mounted on the board and is basically not necessary.
However, if the oscillation frequency is low, it is recommended to add an appropriate value externally. In this case, ensure that
the rated voltage of the capacitor is sufficient.

The operating procedure is as follows.
Turn on the +12 V power supply.
Set the switching frequency and duty ratio using the pulse generator and input the CLK signal.
Turn on the HVdc power supply.

® 0O e

Adjust the output current with an electronic load device.

In CCM mode, where the inductor current is continuous, the output voltage will be approximately as follows.
Vout=Duty*Vin
On the other hand, in DCM mode, where the inductor current is discontinuous, the output voltage is equal to the input voltage
because the pulses are not thinned out due to open loop control. Since the output voltage is equal to the input voltage, pay
attention to the withstand voltage of the electronic load device.
To prevent the H-side and L-side MOSFETs from being turned on simultaneously, make sure there is enough dead time
between the IN_H_CLK and IN_L_CLK signals. When increasing the load current, pay attention to the heat generation of the

evaluation device, and if necessary, install a heat sink capable of sufficient cooling or consider the ambient temperature.
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10. Snubber Circuit

This board includes a non-discharge-type RCD snubber circuit (*3) layout between drain and source to suppress the turn-off

surge of the MOSFET. Figure 21 shows the circuit diagram and an example of its mounting.

* HVdc
C5750C0G3A333J280KC
Q51 33nF ESR25JZPJ100
N 1000V o
SCT4090KRKR ! 5750 '
1200V,90mQ 100
0.66W
RFN1LAM7S 100
700V 0.8A | | 0.66W
Vsw
RFNLLAM7S —
700V 0.8A —_—
ESRZSJZPJlOg Bulk
10 ;
0.66W Capacitor
100 SCT4090KR
0.66W 1200V,90mQ
33nF
10Q 1000V
0.66W 5750
C5750C0G3A333J280KC
Lyvain
fyym —— PGND

(@) Circuit diagram

Bulk
Capacitor

(b) Mounting example (PCBO05P, H-side)

Figure 21 RCD non-discharge snubber circuit
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The non-discharge snubber circuit is ideal for high-frequency switching circuits because only the surge exceeding the high-
voltage input HVdc is consumed by the resistors in the snubber circuit. However, since the pattern layout is complicated, it
should be used on boards with four or more layers.

The power Psns consumed by the resistor in the snubber circuit is entirely consumed by the resistor Rsng in the snubber

circuit. The following equation applies:

2
_ Lyain X Imain” X fsw
Psnp = >

Here, Lma is the wiring inductance of the main circuit up to the bulk capacitor, /wa is the drain current of the MOSFET at turn-
off, and fsw is the switching frequency of the MOSFET.
On the other hand, the capacitance Csns of the snubber capacitor is calculated from the energy stored in the inductance by

the following equation 2
Lyain X Ivain

CSNB = % 2 _ % 2
SURGE HVdc

Where Vhvdc is the high-voltage power supply and Vsurce is the maximum surge voltage.

Furthermore, the resistance of Rsns can be obtained by the following equation.

-1 1
X —
Csng X In[(Vsurge — Vsn)/(Vsurge)]  fow

Rgnp <

This maximizes the surge absorption effect by discharging all the energy absorbed by Csns during one cycle of the MOSFET.
Figure 22 shows the verification results of the snubber circuit of the SCT4018KR from double-pulse testing. During turn-on,
there is no difference between with and without snubber circuit, but during turn-off, the Vps turn-off surge is reduced from 1207 V

to 1070 V. On the other hand, there is little effect on the switching speed.

onp - JOFF}
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0 10: . I | I I I
O 8
> ;
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80|
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40/
205

Id(A)
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" 0 20n 40n 60n 8On 100n  140n  180n | 0 20n 40n 60n 80n 100n  140n  180n

_ Time(s)
Figure 22 Effect of snubber circuit (SCT4018KR)
11. Protection Circuit for Gate-Source Signal
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11.1 Types of protection circuits
This board has a built-in protection circuit that absorbs surge voltage generated at the gate-source pin of the MOSFET. The

protection circuit has three functions (clamp circuit) and four countermeasure circuits as shown in Table 7. Since the gate-

source voltage is greatly affected by the change in Vbs and Io during switching operation, it is necessary to suppress the surge

voltage appropriately with these protective circuits. For more information on gate-source voltage behavior and surge

suppression methods, please refer to the application notes (*1) and (*2) that have been published separately.

Figure 23 shows the circuit diagram.

Item

U]

Function (clamp
circuit)

Positive surge
suppression

Table 7 Protection circuit and operation details

Target

component

D53, C51
D153, C151

Operation details

Positive surge that occurs when the Vps change of the
MOSFET is completed.

During turn-on, it may exceed the maximum Vbps rating, so it
is clamped to Vcc2 by D53 (D153). C51 (C151) is a bypass
capacitor and is laid out in the vicinity of D53 (D153).

Default
setting
Mounting

(n

Negative surge
suppression

D54, C64
D154, C164

During turn-off operation of the MOSFET in bridge
configuration, a negative surge occurs in Ves of the non-
switching side MOSFET, which may exceed the maximum
rating. Therefore, it is clamped to the turn-off drive voltage
(VEE2). C64 (C164) is a bypass capacitor and is laid out in
the vicinity of D54 (D154).

Mounting

(1)

(v)

Self-turn-on prevention
Self-turn-on surge
suppression

R80
R180

During turn-on operation of the MOSFET in bridge
configuration, Ves of the non-switching side MOSFET may
rise (linked to the rise of Vbs) and turn on when the gate
threshold Vestn) is exceeded (so-called self-turn-on).
Therefore, this rise of Ves is suppressed by clamping it to
the turn-off drive voltage using the MC signal of the driver
IC (BM61M41RFV-C).

Mounting

C52
C152

As the Crss/Ciss ratio of the MOSFET becomes larger, Vas
tends to rise. (Because the charging current is proportional
to Crss)

By adding capacitance in parallel with Ciss and reducing
the Crss/Ciss ratio, VGS can be prevented from rising
above Vastn). The larger the capacitance value to be added,
the smaller the amount of rise becomes, but the additional
capacitance must be determined while considering heat
generation, because it not only requires more drive
capability but also involves an increase in switching loss.
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Figure 23 Protection circuit for gate-source signal (PCB004P)
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Since Vas surge voltages occur over a short time period of a few tens of ns, the pattern inductance of these clamping circuits
should be laid out in the immediate vicinity of the MOSFET to minimize inductance.

SiC MOSFETSs generally have narrower gate-source voltage ratings than Si MOSFETSs, so it is recommended to install these
clamping circuits. By using several of these countermeasure circuits, it is possible to suppress the surge voltage of Vs more
effectively. However, the priorities for laying out components in the vicinity of the MOSFET are as follows, and if a driver IC with
a built-in mirror clamp (MC) signal is used, it should be laid out as close as possible to the MOSFET to be driven, and the
parasitic inductance should be reduced by shortening the pattern line length between the MC pin and the MOSFET.

(I1) Negative surge clamp circuit >(I) Positive surge clamp circuit 2(IV) Additional capacitance
between GS (Cgs)

Figure 24 shows an example of a protective circuit mounting. (a) is the board for TO-247N (PCB004P) and (b) is the board for
TO-247-4L (PCBOO05P). Since the pin assignment of the gate pin is opposite for TO-247N and TO247-4L, the protection circuit
has the optimal mounting layout for each package.

Figure 25 shows some examples of differences in waveforms with and without the protection circuit. However, actual
operation is greatly affected not only by the characteristics of the device itself, but also by the board on which it is mounted, so it

is necessary to check the actual device.
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Figure 24 Mounting position of gate-source voltage protection circuit
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11.2 Surge suppression effect of protective circuit
A double-pulse test was conducted by connecting SCT4090KR in a bridge configuration and switching the high-side (HS), and

the following is an example of how the protective circuit reduces the Vas surge voltage. Figure 24(a) shows the measurement
circuit and (b) shows the measurement waveform.

The external gate resistor Re_ext is 3.3Q. The top waveform is Vs on the H-side, the second is Vs on the L-side, the third is
Vbs on the H-side, and the bottom waveform is Ip on the H-side. The gate-source pin surge is positive on the H-side during turn-
on, and negative on the HS and L-sides during turn-off. Separate application notes (*1),(*4) on the causes of surges have been
prepared, so they are not discussed in detail here. However, if no protection circuit is mounted (No Protection), a surge

exceeding the rated gate voltage of the MOSFET may occur.

m Measurement conditions
DUT: SCT4018KR
E: 800V
L: 250uH
Drain current: Approx. 80 A
Pulse width: 2.5us

RGfEXT: 3.3Q
Evaluation board: PCBO05P Rev.C

OFF

% SCT4018KR
" | RGc ext=3.3Q
3
S Y
j 2
'y
> MOS+SBD

] onlyMOS

1000 No protection
> Turn-off Surge
§ -5.34V—>-3.67V—>-1.86V

200

o]
<
R

0 20n 40n 60n 80n 100n 120n 140n 160n 180n 0 20n 40n 60n 80n 100n 120n 140n 160n 180n
time

(b) Measurement waveform

Figure 25 Effect of protection circuit (SCT4090KR)
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On the other hand, by connecting the mirror clamp signal (MC signal) of the driver IC (BM61M41RFV-C), which is one of the
protection circuits, the surge at turn-off can be suppressed. However, since the MC signal needs to respond at high speed, the
wiring length to the MOSFET should be made as short as possible. The mounting position of the gate resistor for speed
adjustment Re_ex, etc. has priority, and it may not be possible to mount it near the MOSFET, so the clamping effect may not be
sufficient depending on the layout. Based on experience, the clamping effect becomes extremely low when the distance is 20
mm or more.

Therefore, by placing the clamp SBD directly under the MOSFET and adding a circuit that suppresses negative surges (MC
signal + Clamp SBD), the surge suppression effect can be further enhanced, and it can be seen that the gate surge voltage is
suppressed to within the rating in this measurement.

As shown above, surges linked to the transient operation of the MOSFET are generated at the gate pin in both positive and
negative directions, so it is important to place a protection circuit near the MOSFET from the design stage.

12. Precautions

Since this evaluation board handles voltages of several hundred volts, care must be taken at all times to avoid dangerous
situations due to malfunctions. Defects may occur not only in this board, but also due to incorrect handling, such as
misconnection of wiring or application of out-of-specification voltages.

Table 8 shows the points to pay attention to, but please take all possible measures to prevent other problems before

using the product.

Table 8 List of typical faults

DCR LED does not light When voltage is applied to the HVdc-PGND pins, check that LED301 (red)
up is lit. If the LED does not light up, check the applied voltage source and
wiring.
The LED lights up when the input/output voltage is approximately 20 V or
more.
HVdc Misconnection of It is strictly prohibited to apply a voltage higher than the specified value
Vsw wiring (1200 V), and care must be taken to ensure that there is no misconnection
Application of out- of wiring, etc. Also, never touch the product while it is in operation.
of-specification
voltage
Vcc Misconnection of Check the wiring of Vcc before use to prevent the application of positive and
wiring negative reverse voltages. However, since a diode for reverse connection is
Application of out- included, the OPC setting of the Vcc power supply should be setto 1 Ato 3
of-specification A. (To protect the diode for reverse connection).
voltage Also, applying a voltage other than the specified voltage may cause a
failure, so operate the circuit only after thorough confirmation.
SNB MLCC burnout An MLCC, that is prone to cracks and other short-circuit failures due to
RDC_SNB mechanical stress, is used. Therefore, handle the board with care to avoid

excessive shocks.
If you have even the slightest concern when voltage is applied, immediately
take measures to avoid danger, such as cutting off the applied voltage.

IN. H CLK Continuous pulse Continuous application of the CLK signal to drive the DUT may cause a

IN_L_CLK application current exceeding the specified value to flow and may damage the DUT.
Therefore, always use the DUT within the range that satisfies its electrical
characteristics.

DUT Driver IC damage If the gate-source of the DUT is short-circuited and the CLK signal to be

driven is turned on, a short-circuit current will flow from Vcc2 through the
OUT pin to GND2, which may destroy the OUT pin of the driver IC if the
external resistance is small. Therefore, be sure to check the gate-source
short circuit conditions before operation.
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Notice

10)

11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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