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About this document

Scope and purpose

This document describes an evaluation board suitable for SiC MOSFETs and IGBTs in various TO-247 packages
with compact gate driver ICs. Board can be controlled wirelessly using the XMC4800 control board to provide a
double-pulse signal with different dead times or a constant pulse width modulation signals. This user guide
explains the board’s hardware and GUI. It provides a detailed explanation on various features of the board that
can be used for measurements.

Intended audience

This board is intended for engineers who want to use TO-247 devices and respective gate driver IC in
applications with a half-bridge topology.

Evaluation board

This board is to be used during the design-in process for evaluating and measuring characteristic curves, and
for checking datasheet specifications.

Note: PCB and auxiliary circuits are NOT optimized for final customer design.
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Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board
(PCB) for demonstration and/or evaluation purposes, which include, without limitation, demonstration,
reference and evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference
Boards provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards
has been tested by Infineon Technologies only as described in this document. The design is not qualified
in terms of safety requirements, manufacturing and operation over the entire operating temperature
range or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the
same procedures as regular products regarding returned material analysis (RMA), process change
notification (PCN) and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production.
The Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards
(including but not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other
requirements of the country in which they are operated by the customer. The customer shall ensure that
all Evaluation Boards and Reference Boards will be handled in a way which is compliant with the relevant
requirements and standards of the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and
managed according to the terms and conditions set forth in this document and in other related
documentation supplied with the respective Evaluation Board or Reference Board.

It is the responsibility of the customer’s technical departments to evaluate the suitability of the
Evaluation Boards and Reference Boards for the intended application, and to evaluate the completeness
and correctness of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not
cause any harm to persons or third-party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is"
and Infineon Technologies disclaims any warranties, express or implied, including but not limited to
warranties of non-infringement of third-party rights and implied warranties of fitness for any purpose, or
for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation
Boards and Reference Boards and/or from any information provided in this document. The customer is
obliged to defend, indemnify and hold Infineon Technologies harmless from and against any claims or
damages arising out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions
Note: Please note the following warnings regarding the hazards associated with development systems

Table1 Safety precautions

Warning: The DC link potential of this board is up to 1000 VDC. When measuring
voltage waveforms by oscilloscope, high voltage differential probes must be used.
Failure to do so may result in personal injury or death.

Warning: The evaluation or reference board contains DC bus capacitors which take
time to discharge after removal of the main supply. Before working on the drive
system, wait five minutes for capacitors to discharge to safe voltage levels. Failure to
do so may result in personal injury or death. Darkened display LEDs are not an
indication that capacitors have discharged to safe voltage levels.

Warning: The evaluation or reference board is connected to the grid input during
testing. Hence, high-voltage differential probes must be used when measuring voltage
waveforms by oscilloscope. Failure to do so may result in personal injury or death.
Darkened display LEDs are not an indication that capacitors have discharged to safe
voltage levels.

Warning: Remove or disconnect power from the drive before you disconnect or
reconnect wires, or perform maintenance work. Wait five minutes after removing
power to discharge the bus capacitors. Do not attempt to service the drive until the bus
capacitors have discharged to zero. Failure to do so may result in personal injury or
death.

Caution: The heat sink and device surfaces of the evaluation or reference board may
become hot during testing. Hence, necessary precautions are required while handling
the board. Failure to comply may cause injury.

Caution: Only personnel familiar with the drive, power electronics and associated
machinery should plan, install, commission and subsequently service the system.
Failure to comply may result in personal injury and/or equipment damage.

Caution: The evaluation or reference board contains parts and assemblies sensitive to
electrostatic discharge (ESD). Electrostatic control precautions are required when
installing, testing, servicing or repairing the assembly. Component damage may result
if ESD control procedures are not followed. If you are not familiar with electrostatic
control procedures, refer to the applicable ESD protection handbooks and guidelines.

Caution: A drive that is incorrectly applied or installed can lead to component damage
or reduction in product lifetime. Wiring or application errors such as undersizing the
motor, supplying an incorrect or inadequate AC supply, or excessive ambient
temperatures may result in system malfunction.

Caution: The evaluation or reference board is shipped with packing materials that
need to be removed prior to installation. Failure to remove all packing materials that
are unnecessary for system installation may result in overheating or abnormal
operating conditions.
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1 The board at a glance

The evaluation platform was developed to help users investigate the switching behavior of SiC MOSFETs or
IGBTs, and their corresponding gate drivers using through-hole universal sockets. This board is an improved
version of the existing double-pulse platform, EVAL-PS-DP_MAIN [1] with additional features for easy and
efficient evaluations.

HV_Midpoint GND_SEC
* Bu*
(G |

J
EVAL-PS-DP-MAIN-M5 V1.0

Figurel  EVAL-PS-DP-MAIN-MS5 evaluation board

The EVAL-PS-DP-MAIN-M5 evaluation board has the following features:

Through-hole universal sockets instead of solder points for the DUTSs. This provides easy replacement of
DUTSs for repetitive measurements

Note: To reduce the lead inductance, it is recommended to reduce the leads length to a minimum.

e Surface-mounted shunt resistor in parallel to coaxial shunt. It provides the freedom to choose one or the
other for current measurement

e Supports an external controller board, XMC4800. It can provide double-pulse or constant pulse-width
modulated (PWM) signals, enabling wireless connectivity

e Two SMA connectors on the board. This provides direct gate driver control without using an external
microcontroller

e Test points for easy probing during measurements
e Turn-off gate voltage can be adjusted usinga 0V to -5 V resistor
e Busvoltage can withstand a voltage of up to 800 V
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Temperature is an important factor that influences the switching behavior of devices. To investigate the
switching behavior at high temperatures, EVAL-PS-DP-MAIN_M5 is equipped with a heating function through
which temperature can be monitored and adjusted according to test requirements.

1.1 Purpose of the board

The evaluation board illustrated in Figure 1Error! Reference source not found. is primarily designed toserveasa

global test platform for SiC MOSFETs and IGBTSs in through-hole TO-247 and PLUS packages, both 4pin and 3pin.
This board is designed for all 600 - 1200 V devices and is an improved version of the EVAL-PS-DP_MAIN evaluation
board [1].

Similar to the EVAL-PS-DP_MAIN [1] board, this newly designed board supports two distinct operating modes.
Using this board, the switching behavior and switching losses of the devices can be analyzed under various
conditions. It is simple to alter variables such as the gate voltage, load current, device temperature, and DC-link
voltage. The board can also be used as a step-up or step-down DC-DC converter-. As a result, the same
configuration can be used to characterize and operate devices in continuous mode.

1.2 Block diagram

Figure 2 shows the block diagram of the motherboard where the core is a half-bridge consisting of power
switches S1 and S2.
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Figure2 Block diagram
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1.3 Scope of the delivery content

Table 1Error! Reference source not found. lists the deliverables included with the EVAL_PS_DP_MAIN_M5b
oard. The delivery kit contains the EVAL_PS_DP_MAIN_M5 motherboard, a daughter card, a 400 uH inductor,
four samples of power switches, a unit with heatsink, a power resistor, and a negative temperature coefficient
(NTC) resistor.

Table 1l Delivery kit contents
Item Description Quantity
EVAL PS DM MAIN M5 Double-pulse motherboard 1
EVAL-1ED3321MC12NDB Gate-driver daughter card 1
Inductor Load for the double-pulse test 1
Heatsink Heatsink for dissipating device heat 1
Heating resistor Element to regulate the device temperature 1
NTC NTC resistor for temperature sensing 1
IMZC120R026M2H CoolSiC™ MOSFET DUTs for testing 4
TO-247 heatsink clips Metal clips to attach the device to the heatsink mechanically 2
1.4 Board parameters and technical data
The technical parameters are listed in Table 2.
Table 2 Technical data
Parameter Symbol Conditions Value Unit
High-voltage input +Vin 800 \Y
Maximum pulsed current Imax 200 A
Mechanical dimensions Length 189 mm
Width 123 mm
User guide 7 Revision 1.0
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2 System and functional description

The complete design package is available in the Download section of Infineon’s website. Log in with
mylnfineon credentials to download this material. A brief overview of the board’s hardware, shown in Figure 3,

is provided in this chapter.

1089/ £057 e B 145

EVAL-PS-DP-MAIN-M5

Figure3  Top view of the evaluation board

This evaluation board contains the control, heater, and power connection parts.

Note: For accurate and reliable high-side voltage measurements, differential probes are mandatory.

2.1 Circuit and main components

This evaluation board is essentially a half-bridge converter comprising two power switches, as shown in Figure
4.Dueto the clip-based heatsink installation and the universal sockets on the PCB, 4pin or 3pin TO-247 and PLUS

packages can be used.

Revision 1.0
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Figure4  Evaluation board with daughter card and DUTs

The switches are driven by compact driver ICs from the respective daughter card. The two drivers are
independently controlled by PWM signals on the connectors X103 for the high-side and X104 for the low-side
PWM. Additionally, this evaluation board supports an external XMC4800 controller board to supply double-pulse
or constant PWM signals enabling wireless connectivity. The process for using and connecting the XMC4800
controller to the evaluation board is provided in the user guide for the EVAL_XMC4800PSOC6MS5 board [4].

A heating feature is implemented on the board to analyze switching losses at high temperatures. The power
resistor, RPOW, and the thermistor, RNTC, can be used to adjust and monitor the heatsink temperature.

The gate voltage, the drain-source voltage, and the drain current can be measured using an oscilloscope to
investigate the device’s switching behavior. Measuring the voltage is simple, but measuring the current is more
challenging, especially when there are high current slopes. A surface-mounted device shunt resistor is provided
on the evaluation board to make measuring the current easier.
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2.2 Commissioning
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Figure5 Circuit composition

The DC source should be connected to +HV_VDC and GND-SEC. The inductor is plugged into the HV_Midpoint
and depending on the test to be used either to the +HV_VDC or the GND-SEC, as displayed in Figure 5. The left-
hand side portion of Figure 5 shows the connection for testing the high-side switch or low-side diode. The right-
hand side portion shows the testing configuration for the high-side diode or the low-side switch.

2.3 Description of the functional blocks

The +15 V auxiliary supply connectors can be seen on the top-left side of Figure 6. Their functioning is indicated
by two LEDs D100 and D101 for +15 V for +5 V respectively. These can be connected using a jumper on X120
(highlighted in Figure 6) to the drive card that bridges pin 2 and pin 3. Another possibility can be to bridge pin 1
and pin 2 for suppling the driver via the pController.
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Figure6  Auxiliary-power and drive-voltage connectors

Additionally, X106 and X108, shown in Figure 6, are for setting the correct drive voltage on the daughter cards,
ranging from +20 V to - 5 V. +ADJ and -ADJ are set via the blue potentiometers R102, R105, R107, and R108. The
PWM comes either from the coaxial connectors X103 and X104 or from the microcontroller via X101.

2.4 Getting started

The evaluation board is adaptable to deal with various measuring setups. This section provides instructions on
setting up and using the board.

2.5 Modes of operation

The evaluation board implements a half-bridge circuit with independent driver stages for the high-side and
low-side semiconductor devices, as mentioned in Section 2.2. The board can be used in various operational
modes thanks to the universal nature of this architecture. The potential measurement configurations and
methods are described in the Table 4.

Note: Before measuring, ensure that all the board settings are correct. Make sure that no physical short
circuits or floating gates are present. Increase the input voltage slowly and check if the circuit
behaves as expected.

The configurations of the primary board are summarized in Table 3Error! Reference source not found.. S
witching losses of the devices can be estimated by measuring the current and voltage waveforms on an
oscilloscope. Configuration 1 can be used to analyze the semiconductor device and Configuration 2 to analyze
the diode. For maximum accuracy, using the low-side device, S2, is recommended for oscilloscope
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measurements. Configuration 3 and Configuration 4 can be used for buck and boost converters, respectively. As
these converters process power continuously. The heatsink and the inductor must fulfill specific voltage, power,
and switching frequency specifications. The maximum current in continuous-mode operation is up to 5 A. This
limitation comes from the board traces and connectors. During continuous operation, cooling should be applied
to the active power components.

Table 3 Different modes of operation and their configurations
Configuration DUT Parameter | Limit Simplified technology
Switching Switch S2 Vbs <800V
(Switch characterization) | Diode S1
ID <200A
Tc <150°C
VGS ) Double pulse | 1]

Package T0-247

Switching Diode S2 Vbs <800V
(Switch characterization) | Switch S1

I
o
a

T3T

I <200A sais L
it

Tc <150°C _— J_
o
Ves - ﬂﬂ 2 :} 6D
c—pulse L
Package T0-247 Shunt
(1) Converter (Buck) | Switch S1 Vos <800V i
Diode S2 sl j
F _ M=
Sw

_- |
P - ‘
. ! = }

Vs )

Package T0-247
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(1) Converter (Boost) | Switch S1 Vos <800V I
Fsw -Note 1 O— . |:I
L oad
Pout - l
[T 52 E} Cou| DCCH
Ves ) P T
Package 10-247
Notes:
1. Parameter limits for continuous operation are determined by the chosen device and the board’s cooling
capabilities.
2.6 Settings

The evaluation board can help perform numerous tests on 4pin and 3pin TO-247 and PLUS packages. This
section offers instructions for performing the necessary modifications, particularly in the driving circuits.

Note: To prevent potential exposure to hazardous voltages, turn off all power supplies and discharge the
DC-link capacitors before undertaking any of the modifications described in this section.
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2.6.1 Tuning gate voltages

The driver bias circuitry used to operate both the high-side and low-side switches is shown inError! Reference s
ource not found. Figure 7.
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Figure7  Gate voltage settings

To modify the low-side gate voltage levels, follow these steps:
1. Setthejumper, X108, to +ADJ and tune the potentiometer, R108, with a flat screwdriver until the
recommended value is reached.
2. Usingthe jumper, X108, choose either -5V or 0V as the turn-off voltage. The turn-off voltage can be
changed from 0V to -5V by tuning the potentiometer, R107.
3. Usingan oscilloscope or multimeter, track the gate voltage values.

To modify the high-side gate voltage levels, follow these steps:
1. Setthe jumper, X106, to +ADJ and tune the potentiometer, R108, with a flat screwdriver until the
recommended value is reached.
2. Using the jumper, X106, choose either -5V or 0V as the turn-off voltage. The turn-off voltage can be
changed from 0V to -5V by tuning the potentiometer, R105.
3. Usingan oscilloscope or multimeter, track the gate voltage values.
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2.6.2 Adjusting the heatsink temperature

Besides room temperature, switching losses can also be measured at 100°C and more. Therefore, the
measuring setup should help users control and track the case temperature of a test device. A small heatsink
that functions as a tiny heating element is included on this test board. The temperature of this heatsink can be
controlled and monitored using the power resistor and the negative temperature coefficient (NTC) thermistor,
respectively. Alternatively, the heatsink’s temperature can also be monitored and adjusted using the XMC4800
controller.

To adjust the heatsink’s temperature manually, follow these steps:

1. Short the pins 2 and 3 of X5 to power the heater or alternatively use the IOT XMC4800 controller card.
2. Connect the power supply to X4, +15V_ISO, and GND_ISO.

3. Connect the heating element to +15V_ISO/HEATER- (i.e., pin 1 and 2 terminals of X6), and the NTC to
NTC+/GND_ISO (i.e., pin 3 and 4 terminals of X6).

4. Use the power supply to adjust the temperature of the heatsink.

5. Monitor the actual temperature value using the ohmmeter and the NTC characteristic. Alternatively,
measure the voltage at test points X7 and X8 (i.e., NTC_VSENSE+ and NTC_VSENSE-) to calculate the
temperature.

2.6.3 Configuring the double-pulse test

Switching losses of the devices can be analyzed using a double-pulse test. It generates both a turn-off and a turn-
on event by applying two consecutive pulses on the gate terminal of the switch - hence the expression double
pulse. This section explains how to conduct a double-pulse test using Configuration 1 and Configuration 2.

To perform a double-pulse test on the evaluation board:
1. Assemble the devices under tests S1 and S2.
2. Connect the driver to the proper emitter pin.
3. Adjust the driving voltages for S2, and if necessary, also for S1, as per Section 2.6.1.
a. Setthe jumper X108/X106 to +ADJ.
b. Use the jumper X106/X108 to set the turn-off voltageto0Vor-5V.

c. Adjust the turn-on and turn-off gate resistors R102/R108 for a positive drive voltage and
R105/R107 for a negative drive voltage for high-side and low-side respectively.

4. Connect the oscilloscope probes to measure Vps, Vgs, and Ip of S2.
a. Use probe adapters to measure Vps and Vs with ordinary voltage probes.
b. Measure I current.
5. Connect an auxiliary supply to the 15 V/SGND terminal of the board to provide a voltage of 15 V.

6. Connect asignal generator to X103/X104 and provide a double-pulse pattern if not using the XMC4800
controller for generating the pulse.

7. Ifrequired, connect a power supply to the GND_ISO/+15V_ISO (X4 pin 1 and 2) terminals and set the
voltage level.

8. Monitor the temperature using the ohmmeter connected to X7 and X8 as explained in Section 2.6.2.

9. Connect a high-voltage source to HV_VDC (X9) and GND_SEC (X11), and short HV_VDC (X9) and
HV_Midpoint (X10).

10. Slowly increase the voltage and monitor the current and voltage waveforms on the oscilloscope.
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2.6.4 Configuring the efficiency measurement

To comprehend the switching behavior of a semiconductor device fully, it must be tested inside a switching cell.
Additional analysis is required to convert the received switching-loss data into values that are more useful for an
application, such as the efficiency of the converter, the temperature of the devices, or the cooling effort required.
This section outlines the steps necessary to set up and operate the board as a buck converter under
Configuration 3 as listed in Table 4 Error! Reference source not found..

To prepare the test setup for measuring efficiency, follow these steps:

1. Assemble the devices under tests S1 and S2.
a. Adjust the driving voltages for S2, and if necessary, also for S1, according to Section 2.6.1.
b. Setthejumper X108/X106 to +ADJ.
c. Usethe jumper X108/X106 to set the turn-off voltage to 0 Vor-5V.
d. Adjust the turn-on and turn-off gate resistors, R102/R108 and R105/R107 respectively.
2. Connect the oscilloscope probes to measure Vps, Vgs, and Ip of S2.
a. Use the probe adapters to measure Vps and Ves with ordinary voltage probes.
b. Measure Ip using a shunt.

3. Connectan auxiliary supply to the 15 V/SGND terminal of the board and provide a voltage of 15 V.

4. Connectasignal generatorto X103/X104 and provide a double-pulse pattern manually. Alternatively, the
double-pulse pattern can also be provided automatically using the XMC4800 controller.

5. Connect a high-voltage source to X9 and X11.

6. Connectan ohmic load to X10 and X11.

7. Measure the input and output power using a power meter and the device’s temperatures using an
infrared camera.

8. Slowly increase the input voltage while monitoring the waveforms and device temperatures.
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The start-up procedure includes the following steps:

1. Mount the drive card on the motherboard and set the jumpers to the required supply voltage.
2. Plugthe DUTs into the connectors on the daughter board connected to X100, X107, and X110.

3. Connect the power source (Voc up to 800 V), 15V auxiliary supply, and function generator (for double
pulse). Setting current limits is recommended for safety reasons.

4, Connectthe load inductor, either high-side or low-side HS or LS.
5. Plugin the desired probes (voltage, current).
6. To begin the turn-on procedure:
a. Apply 15V anddouble pulse.
b. Gradually apply high voltage till the desired level is reached.
c. Proceed with measurements.
7. To begin the turn-off procedure:
a. Switch off the high-voltage source.
b. Switch off the auxiliary supply and function generator.

Additional guidance on double-pulse control using the controller card is available in [4].
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3 System design

Visit Infineon’s website for complete design files. They are available on the board’s webpage in the “Design
support” section. Mylnfineon login credentials are required to access the files.

3.1 Schematic drawings

[ : | : [ :

EVAL-PS-DP-MAIN-MS5 - Controller connector and APS.SchDoc
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3.2 Board layout

Figure 10 Layout of the EVAL-PS-DP_MAIN_MS5 board
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