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This guide covers Wolfspeed’s CRD600DA12E-XM3 three-phase dual inverter reference design featuring the
XM3, 1200 V, Silicon Carbide (SiC) half-bridge power module in Wolfspeed’s next generation package and
CGD12HBXMP gate drivers with built-in protections. The XM3 module features Wolfspeed® C3M™ SiC MOSFETSs,
in a low inductance (6.7 nH), high power density power module package capable of 175°C maximum junction
temperature operation. The XM3 three-phase dual inverter also features a laminated bussing integrated with
the dc-link capacitor which reduces total power loop inductance and a high-performance liquid cold plate to
maximize power dissipation. System controller and sensors are included to allow designers to quickly evaluate
the XM3 module’s performance in applications such as motor drives or converters.
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All parts of this application note are provided in English and the cautions are provided in English, Mandarin, and
Japanese. If the end user of this reference design is not fluent in any of these languages, it is your responsibility
to ensure that the user understands the terms and conditions described in this document, including without
limitation the hazards of and safe operating conditions prior to use /implementation.
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Note: This Wolfspeed-designed evaluation hardware for Wolfspeed® components is a fragile, high voltage, high
temperature power electronics system that is meant to be used as an evaluation tool in a lab setting and to be
handled and operated by highly qualified technicians or engineers. When this hardware is not in use, it should be
stored in an area that has a storage temperature ranging from -40° Celsius to 85° Celsius. If this hardware is
transported, special care should be taken during transportation to avoid damaging the board or its fragile
components and the board should be transported carefully in an electrostatic discharge (ESD) bag, or with ESD
or shorting protection that is the same as or similar to the protection that is or would be used by Wolfspeed when
shipping this hardware, to avoid any damage to electronic components. Please contact Wolfspeed at
https://forum.wolfspeed.com/categories/module-products if you have any questions about protection of this
hardware during transportation. The hardware does not contain any hazardous substances, is not designed to
meet any industrial, technical, or safety standards or classifications, and is not a production qualified assembly.
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CAUTION
PLEASE CAREFULLY REVIEW THE FOLLOWING PAGE, AS IT CONTAINS IMPORTANT
INFORMATION REGARDING THE HAZARDS AND SAFE OPERATING REQUIREMENTS
RELATED TO THE HANDLING AND USE OF THIS BOARD.
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CAUTION

DO NOT TOUCH THE REFERENCE DESIGN WHEN IT IS ENERGIZED AND ALLOW THE BULK CAPACITORS
TO COMPLETELY DISCHARGE PRIOR TO HANDLING THE REFERENCE DESIGN. THERE CAN BE VERY HIGH
VOLTAGES PRESENT ON THIS REFERENCE DESIGN WHEN CONNECTED TO AN ELECTRICAL SOURCE, AND
SOME COMPONENTS ON THIS REFERENCE DESIGN CAN REACH TEMPERATURES ABOVE 50° CELSIUS.
FURTHER, THESE CONDITIONS WILL CONTINUE FOR A SHORT TIME AFTER THE ELECTRICAL SOURCE IS
DISCONNECTED UNTIL THE BULK CAPACITORS ARE FULLY DISCHARGED.

Please ensure that appropriate safety procedures are followed when operating this reference design, as any
of the following can occur if you handle or use this reference design without following proper safety
precautions:

e Death

e Seriousinjury

e Electrocution

e Electrical shock

e Electrical burns

e Severe heat burns

You must read this document in its entirety before operating this reference design. Itis not necessary for
you to touch the reference design while it is energized. All test and measurement probes or attachments
must be attached before the reference design is energized. You must never leave this reference design
unattended or handle it when energized, and you must always ensure that all bulk capacitors have
completely discharged prior to handling the reference design. Do not change the devices to be tested until
the reference design is disconnected from the electrical source and the bulk capacitors have fully
discharged.
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1. Introduction

This guide covers Wolfspeed’s CRD600DA12E-XM3 three-phase dual inverter reference design featuring the
XM3, 1200 V, Silicon Carbide (SiC) half-bridge power module in Wolfspeed’s next generation package and
CGD12HBXMP gate drivers with built-in protections. The XM3 module features Wolfspeed® C3M™ SiC MOSFETSs,
in a low-inductance (6.7 nH), high power density power module package capable of 175°C maximum junction
temperature operation. The XM3 three-phase dual inverter also features a laminated bussing integrated with
the dc-link capacitor which reduces total power loop inductance and a high-performance liquid cold plate to
maximize power dissipation. System controller and sensors are included to allow designers to quickly evaluate
the XM3 module’s performance in applications such as motor drives or converters.

1.1 Features

e XM3 module enables high system power density

e Low inductance bussing integrated with dc-link capacitor
e |Integrated protections in gate drivers

e Hall-effect current sensors for improved feedback

e High-performance liquid-cooled cold plate

¢ Included sensors and control hardware

1.2 Applications

e Motor and traction drives
e Grid-tied distributed generation

e High-efficiency converters

2. System Overview

To take advantage of the low-inductance power module the remaining power components of the inverter’s DC
side must be designed to minimize stray inductance. Lower power loop inductance results in lower peak
overshoot voltages seen by the switches as well as reduction in ringing and oscillation. A complete low-
inductance structure therefore enables faster turn-on and turn-off times and thereby lowers switching losses.

The design philosophy for the inverter directly follows the design philosophy utilized in the module: maximize
performance through high-ampacity, low-inductance designs while minimizing cost and complexity. To
achieve this, 5 key parameters were considered. First, due to the high current density achieved through SiC
devices and compact module size, a high-performance thermal stackup must be implemented to maximize
heat transfer. Second, the stray inductance introduced by the busbar structure should be minimized through
the use of low inductance, overlapping planar structures. Third, to close the high-frequency switching loop
effectively, low-inductance and high ripple rating capacitors must be utilized. Fourth, optimal device control
with high-speed protections and high-noise immunity must be utilized in the gate driver to effectively switch
the devices and provide maximum survivability under fault conditions. Fifth and finally, the entire structure’s
cost should be minimized and the entire stackup should be engineered to minimize complexity for assembly
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and manufacturing. The inverter measures 204 mm by 267 mm by 157 mm for a total volume of 8.6 L and a
power density of up to 72.5 kW/L more than 3.6x comparable Silicon (Si) based inverters.

OHV+
Current - Current
Sensors P-} Sensors
o——0} T/ |{o)———
o——9J T 1QJ 0
) e Cre o
: N Driver Driver F} ]
B Na |
[ xm3p XM3 |
OHV-
e Controller }‘

Figure 1. System Block Diagram
2.1 XM3 Module

Wolfspeed’s XM3 module is designed to simplify SiC power modules by creating an all new package that is both
high-performance and easy to use. Wolfspeed has developed a high-performance next generation module that
is easy to use and has been optimized in a manner that is intended to achieve the maximum performance out
of all sizes of commercially available 650-1700 V Wolfspeed C3M SiC MOSFETSs. It offers the capability to carry
high currents (300 to >600 A) in a small footprint (53 x 80 mm) with a terminal arrangement that allows for
straightforward bussing and interconnection. A low-inductance, evenly matched layout results in high quality
switching events, minimizing oscillations both internal and external to the module. The module has a stray
inductance of only 6.7 nH. When coupled with the low-inductance bussing and capacitors in this reference
design, a total loop inductance of 12 nH is obtained, which is lower than the internal stray inductance of many
standard power module packages. The XM3 platform offers 40% of the volume and 45% of the footprint of a
package that is typically used in the industry (as illustrated in Figure 2 below) and therefore offers a more
compact power module for high power density systems. Table 1 lists which variant of the XM3 module is
included with each three-phase inverter reference design.
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Figure 2. Size Comparison Between XM3 (Left), 62 mm (Center), and EconoDUAL® (Right)
Table 1. XM3 Module Part Number Reference

Reference Design Module Part Number
CRD600DA12E-XM3 CAB450M12XM3
2.1.1 Module Power Terminals

The current loops in the XM3 power module have been designed such that they are wide, low profile, and evenly
distributed between the devices so that they each have equivalent impedances across a switch position. The
power terminals are vertically offset as shown in Figure 3 such that the busbars between the DC link capacitors
and the module can be laminated all the way up to the module without requiring bends, coining, standoffs, or
complex isolation. A representative 3-phase inverter bussing is illustrated in Figure 4. Ultimately this achieves
a low inductance throughout the entire power loop from the DC link capacitors to the SiC devices. An XM3
module without devices was connected to a Keysight® E4990A Impedance Analyzer to extract the parasitic
inductance of the package. The power loop inductance from V+ to V- is 6.7 nH measured at 10 MHz.

Figure 3. Side view of XM3 module showing non-planar power leads.
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Figure 4. lllustration Showing 3-phase Bussing Layout

2.1.2 Module Signal Terminals

The signal pins on the XM3 module consist of four sets of male header pins grouped by function located on the
left and right edge of the module as shown in Figure 5. Along the left side are the gate pins for both the high-
side and low-side switch positions and their associated source-kelvin pins. In the upper right position is the
Desat/Overcurrent pins which are internally connected to the V+ power terminal to provide a connection point
for high-side gate driver protection circuitry to measure Vps. In the lower right position are the pins for the
internal negative temperature coefficient (NTC) temperature sensor. The NTC is located on an electrically
isolated substrate pad in close proximity to the lower switch power devices and may need additional galvanic
isolation according to application requirements. With Wolfspeed’s CGD12HBXMP gate driver the NTC
measurement signal is isolated up to 5.7 kV. The signal connectors on the right side both have one pin not
populated so that the gate driver may be keyed to prevent improper installation.
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Figure 5. XM3 Module Signal Terminal Pinout

2.1.3 XM3 Switching Loss

The XM3 utilizes internal gate resistors with a short gate signal loop and wide, overlapping, low-inductance
paths so that the paralleled devices remain stable during high switching speeds. The modules can be safely
used with zero external gate resistors when a low-inductance bus structure and low-inductance capacitors are
utilized. This will assist the designer when sizing external gate resistors to ensure they do not trigger any
unwanted characteristics and maintain reverse bias safe operating area (RBSOA). Additional external gate
resistance can be utilized if desired.

2.1.4 Controller Board

This inverter reference design includes sensors, interfaces, power supplies, and a controller necessary for a
complete dual motor drive or dual inverter system. Six current sensors are included at the output terminals and
differential, high-voltage measurements are provided for the DC bus and six external connections. Isolated gate
drivers are connected via ribbon cable to the controller printed circuit board (PCB) which provides power,
differential signals, and control signals. External high-voltage sense connections are made on a separate side
of the enclosure from the low-voltage external connections for input / output (I/0O) and power. An external,
protected +12 V DC power jack powers the low voltage circuitry including gate drivers, controller, and current
sensors. The DC power jack utilizes a 5.5 mm outer diameter barrel jack with center positive and the power
adaptor is recommended to be rated to 10 A to allow for overhead when using maximum gate driver switching
frequency. A powerful floating-point digital signal processor (DSP) is used to run the control-loop for the
inverter as well as handle 1/0. Micro-miniature coaxial (MMCX) test points are provided for pulse-width
modulation (PWM), current sense, voltage sense, and resolver signals for diagnostic purposes.
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Figure 6. Input Power Connector

Table 2. Barrel Jack Pinout

.
Wolfspeed.

Pin Number Name Type Description
Center +12V PWR +12V Input Power
Sleeve Ground - Controller Ground
Figure 7. Quadrature Encoder Input Connector
Table 3. Encoder Connector Pinout
Pin Number Name Type Description
1 QEPA-A I Quadrature Encoder Port A Input A
2 QEPA-B I Quadrature Encoder Port A Input B
3 QEPA-I I Quadrature Encoder Port A Input |
4 +5V PWR +5V Power Supply Output
5 GND PWR Controller Ground
6 QEPB-A I Quadrature Encoder Port B Input A
7 QEPB-B I Quadrature Encoder Port B Input B
8 QEPB-I I Quadrature Encoder Port B Input |
9 +5V PWR +5V Power Supply Output
10 GND PWR Controller Ground
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Figure 8. Resolver Connectors

Table 4. Resolver Port A Pinout

Pin Number Name Type Description
1 EXC-A-P 0] Positive Excitation Output
2 EXC-A-N o Negative Excitation Output
3 SIN-A-P I Positive Sine Input
4 SIN-A-N I Negative Sine Input
5 COS-A-P I Positive Cosine Input
6 COS-A-N I Negative Cosine Input
Table 5. Resolver Port B Pinout
Pin Number Name Type Description
1 EXC-B-P 0] Positive Excitation Output
2 EXC-B-N o Negative Excitation Output
3 SIN-B-P I Positive Sine Input
4 SIN-B-N I Negative Sine Input
5 COS-B-P I Positive Cosine Input
6 COS-B-N I Negative Cosine Input
X [ecoovsssre
| 2 ,,,,,
Figure 9. Controller Auxiliary C onnector
Table 6. Auxiliary Connector Pinout
Pin Number Name Type Description
1 12v PWR +12V Power Output
2 GND PWR Controller Ground
3 SPIA-MOSI /O GP1016 SPISIMOA (1/0) CANTXB (O) OUTPUTXBART7 (O) EPWM9A (0)
SD1_D1 (I) UPP-D4 (1/0)
4 SPIA-STE /O GPI1019 SPISTEA (I/0) SCIRXDB (I) CANTXA (O) EPWM10B (0) SD1_C2 (I)
UPP-D1 (I/O)
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5 SPIA-MISO /O GP1017 SPISOMIA (1/0) CANRXB (I) OUTPUTXBARS (O) EPWM9B (0)
SD1_C1 () UPP-D3 (1/0)

6 SPIA-CLK /O GP1018 SPICLKA (1/0) SCITXDB (O) CANRXA (I) EPWM10A (O) SD1_D2 (I)
UPP-D2 (I/O)

7 3.3V PWR +3.3V Power Supply Output

8 GND PWR Controller Ground

9 I2CA-SCL 1/O GP1033 SCLA (I/OD) EM1RNW (O)

10 I2CA-SDA 1/O GP1032 SDAA (I/OD) EM1CS0 (O)

11 PWMTB /O GP1013 EPWMT7B (O) CANRXB (1) MDRB (1) EQEP1I (I/O) SCIRXDC (1) UPP-
D7 (I/O

12 PWMT7A 1/0 GPI(012) EPWMT7A (O) CANTXB (O) MDXB (0) EQEP1S (1/0) SCITXDC (O)
UPP-ENA (1/0)

13 PWMS8B /O GPIO15 EPWMS8B (0) SCIRXDB (I) MFSXB (I/0) OUTPUTXBAR4 (O) UPP-D5
1/0

14 PWMS8A I/0 (G{DI)014 EPWMSA (0O) SCITXDB (0O) MCLKXB (I/0) OUTPUTXBAR3 (O) UPP-
D6 (1/0

15 SD-C1 /0 GPI(O/49) OUTPUTXBAR4 (O) EM1A9 (O) SCIRXDA (1) SD1_C1 (1)

16 SD-D1 /O GP1048 OUTPUTXBAR3 (0) EM1A8 (O) SCITXDA (O) SD1_D1 (l)

17 SD-C2 /O GPIO51 EQEP1B (I) EM1A11 (O) SPISOMIC (I/0) SD1_C2 (I)

18 SD-D2 /O GPI0O50 EQEP1A (I) EM1A10 (O) SPISIMOC (I/0) SD1_D2 (1)

19 SD-C3 /O GPIO53 EQEP1I (I/0) EM1D31 (I/0O) EM2D15 (I/O) SPISTEC (1/0) SD1_C3
|

20 SD-D3 /0 (G)PIOSZ EQEP1S (I/0) EM1A12 (O) SPICLKC (1/0) SD1_D3(l)

Figure 10. ESTOP Connector
Table 7. ESTOP Connector Pinout

Pin Number Name Type Description
1 STOP I ESTOP Input
2 GND PWR Controller Ground

2.1.5 Current Sensors

The phase current sensors use three Melexis® Hall-effect current sensor integrated circuits (ICs) mounted onto
a PCB attached to the output busbars for each inverter. Magnetic shields protect each sensor for external fields
generated by the adjacent phases and homogenizes the field around the IC. The integrated magnetic
concentratorin the IC eliminates the need for a ferromagnetic core and enables a compact 3-in-1 current sensor
solution. Differential signals are used to transmit the analog signals between the sensors and the controller
using short CAT6 cabling as shown in the diagram in Figure 11. The use of differential signals and shielded

PRD-06976 REV. 2, January 2024 XM3 Three-Phase Dual Inverter Reference Design User Guide

© 2024 Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfstreak logo are registered trademarks and the Wolfspeed 16
logo is a trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective

owners and do not imply specific product and/or vendor endorsement, sponsorship, or association.



.
Wolfspeed.

twisted-pair wiring help to minimize the effect of dv/dt noise that can be a concern when implementing high
dv/dt capable SiC. The analog signal is filtered and scaled and then sensed by the analog-to-digital converter
(ADC). The £750 A peak primary current corresponds to a 0-3 V signal centered at 1.5V at the ADC input.

G +5V
Sensor Board )4 Control Board
+5V —D
Current
Sensor
1 ! —
Out : %
: i > +
1

+2.5V ref ™ 1
4

k>

VAV

CAT Cable

I
x3 i

Figure 11. Current Sensor Signal Transmission Schematic

2.1.6 Voltage Sensors

Six external high-voltage measurements are supported by the controller. Differential connections are provided
for each input through a pluggable 12-pin Phoenix Contact® 1766877 connector. Suitable mating connectors
include Phoenix Contact 1767106 straight connector or Phoenix Contact 1832620 right-angle connector. Both
mating connectors have a screw terminal connection with a tension sleeve that can be tightened with a small
screwdriver to secure a wire end in the connector. The plus and minus inputs, labeled as + and - respectively,
are stepped down to a low voltage by a voltage divider on the controller with an insulation voltage rating of
1800V. This low-voltage signalis filtered and sensed by the ADC. A+1200 Vinputis scaled down to 0-3V centered
at 1.5V for a 0 Vinput. The voltage sense measurements are brought in as high-voltage signals without pre-
scaling for better noise immunity. Any noise injected onto the high-voltage signal will create negligible noise on
the final signal compared to transmitting the signal pre-scaled to a low voltage 0-3 V signal. Figure 12 and Table
8 detail the pinout of the external high-voltage sense connector.

Figure 12. High-Voltage Measurement Input Connector

Table 8. External High-Voltage Measurement Connector Pinout

Pin Number Name Type Description

1 V_z- [ Negative High-Voltage Measurement Input Phase Z
2 V_Z+ [ Positive High-Voltage Measurement Input Phase Z
3 V_Y- [ Negative High-Voltage Measurement Input Phase Y
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4 V_Y+ [ Positive High-Voltage Measurement Input Phase Y
5 V_X- [ Negative High-Voltage Measurement Input Phase X
6 V_X+ [ Positive High-Voltage Measurement Input Phase X
7 V_W- [ Negative High-Voltage Measurement Input Phase W
8 V_W+ [ Positive High-Voltage Measurement Input Phase W
9 V_V- [ Negative High-Voltage Measurement Input Phase V
10 V_V+ [ Positive High-Voltage Measurement Input Phase V
11 V_U- I Negative High-Voltage Measurement Input Phase U
12 V_U+ [ Positive High-Voltage Measurement Input Phase U

2.1.7 DC Bus Voltage Sense Connection

A voltage sense connection for the DC bus voltage is provided by a board-to-board connector between the
discharge PCB and the connector on the left side of the controller. This allows the controller application to
monitor the DC bus voltage. One-fourth (1/4) of the bus voltage is present at connector on the controller and is
stepped down through a voltage divider and filtered before reaching the ADC input. A 0-1200 V DC bus voltage
signal is scaled to a 0-0.75 V ADC voltage.

2.1.8 Temperature Sensing

The NTC temperature sensor built into the power module is sensed and fed back to the controller via anisolated
digital signal. This signal is a 50% duty cycle square wave with varying frequency. The temperature sensor is
positioned as close as possible to the power devices while remaining electrically isolated from them and
therefore provides an approximate baseplate temperature. The temperature reported by the NTC differs largely
from the junction temperature of the SiC MOSFETs and should not be used as an accurate junction temperature
measurement. There are two ways to measure the NTC feedback signal for the three XM3 modules with the
controller. The first method is using the enhanced capture (eCAP) peripheral to digitally measure the frequency
of the signal coming directly from the differential receivers. The relationship of the NTC signal frequency to the
NTC temperature is given in Figure 13 and Table 9. For the second method, the frequency signal is filtered and
converted into an analog signal which can be measured by ADC on the controller. The analog voltage measures
0.38 Vwhen the frequency is 4.6 kHz and 2.5 V when the frequency is 30.1 kHz.
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Figure 13. NTC Temperature vs. Signal Frequency

Table 9. NTC Temperature, Resistance, and Frequency Correlation

175

0 13491 4.6
25 4700 10.3
50 1928 171
75 898 22.8
100 464 26.4
125 260 28.3
150 156 29.5
175 99 30.1
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Figure 14. CAB450M12XM3 Virtual-junction temperature (Tv;) versus NTC resistance with 25°C coolant.

The mapping between the NTC of the CAB450M12XM3 module and the virtual junction temperature is shown in
Figure 14. Equation (1) gives the virtual-junction temperature, Ty, in Celsius for a given measured NTC
resistance in Ohms.

Ty, = —87.12In(NTC) + 786.14 )

One additional temperature sensor is installed on the controller PCB to provide a measurement of the ambient
temperature inside the reference design case. This temperature sensor consists of a 10 kQ NTC surface mount
thermistor and a 10 kQ fixed resistor forming a voltage divider. As the temperature increases so will the voltage
atthe midpoint of the voltage divider. This voltage is low-pass filtered to remove any high-frequency noise from
the slowly changing temperature. The conversion between this voltage signal, V1, and the temperature of the
thermistor (in Kelvin) can be done with the following equation (2).

m@E-1) 0\

3900 298.15

T =

2.1.9 CAN

One of the DSP’s two Controller Area Network (CAN) ports isisolated and brought out via a DE-9 male connector
with industry standard pinout. The port also includes an isolated +5 V power supply with 165 mA available to
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external circuitry. The isolation voltage of the interface is rated to 1000 Voc. The interface can support CAN baud
rates up to 1000 kbps.

Figure 15. Isolated CAN Interface Connector

Table 10. Isolated CAN Connector Pinout

Pin Number Name Type Description
1 NC - NO CONNECT
2 CANA-L I/0 Isolated CAN Port A Low
3 GND-1 - Isolated Ground
4 NC - NO CONNECT
5 GND-1 - Isolated Ground
6 NC - NO CONNECT
7 CANA-H I/O Isolated CAN Port A High
8 NC - NO CONNECT
9 +5V-ISO PWR Isolated +5V Power Supply Output
2.1.10 DSP

The DSP used in the reference design controller is a Texas Instruments® (Tl) TMS320F28379 dual-core, 200 MHz,
32-bit processor with built-in peripherals targeted at real-time control applications. Some of the included
peripherals that make the TMS320F28379D suited for motor drive and converter control applications are two
CAN interfaces for communications, two 5 V quadrature encoder inputs for position feedback, 24 advanced
PWM outputs, and 4 independent ADCs with 12-bit resolution and 24 external inputs. Dual floating-point cores
allow for the separation of fast control-loop from slower application code onto separate parallel CPUs. Table
11 shows the mapping of DSP General Purpose Input Output (GPIO) pins to controller functions or peripherals.
Allanalog feedback signals for voltage, current, and temperature go through afiltering and scaling stage before
passing to the ADC inputs. Table 12 shows the mapping for the input number and ADC block to which each
analog signal is connected.

Table 11. TMS320F28379D GPIO Pin Function Map

GPIO# NAME Function Direction ‘
0 UHS-PWM EPWM OUTPUT
1 ULS-PWM EPWM OUTPUT
2 VHS-PWM EPWM OUTPUT
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3 VLS-PWM EPWM OUTPUT
4 WHS-PWM EPWM OUTPUT
5 WLS-PWM EPWM OUTPUT
6 XHS-PWM EPWM OUTPUT
7 XLS-PWM EPWM OUTPUT
8 YHS-PWM EPWM OUTPUT
9 YLS-PWM EPWM OUTPUT
10 ZHS-PWM EPWM OUTPUT
11 ZLS-PWM EPWM OUTPUT
12 PWM7A EPWM OUTPUT
13 PWMT7B EPWM OUTPUT
14 PWMSA EPWM OUTPUT
15 PWMSB EPWM OUTPUT
16 SPIA-MOSI SPI OUTPUT
17 SPIA-MISO SPI INPUT
18 SPIA-CLK SPI OUTPUT
19 SPIA-STE SPI OUTPUT
20 QEA_A QEP INPUT
21 QEA_B QEP INPUT
23 QEA_I QEP INPUT
30 CANRXA CAN INPUT
31 CANTXA CAN OUTPUT
32 12CA-SDA 12C INPUT
33 12CA-SCL 12C OUTPUT
34 CC-LED-RED LED OUTPUT
35 X-FAULT FAULT INPUT
36 U-FAULT FAULT INPUT
37 Y-FAULT FAULT INPUT
38 V-FAULT FAULT INPUT
40 X-RTD TEMPERATURE  INPUT
41 Y-RTD TEMPERATURE  INPUT
42 Z-RTD TEMPERATURE  INPUT
45 U-RTD TEMPERATURE  INPUT
46 V-RTD TEMPERATURE  INPUT
47 W-RTD TEMPERATURE  INPUT
48 SD-D1 SIGMA-DELTA  INPUT
49 sSD-C1 SIGMA-DELTA  INPUT
50 SD-D2 SIGMA-DELTA  INPUT
51 SD-C2 SIGMA-DELTA  INPUT
52 SD-D3 SIGMA-DELTA  INPUT
53 SD-C3 SIGMA-DELTA  INPUT
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54 QEB_A QEP INPUT
55 QEB_B QEP INPUT
57 QEB_I QEP INPUT
60 Z-FAULT FAULT INPUT
61 W-FAULT FAULT INPUT
64 LED-R LED OUTPUT
65 GLOBAL-FAULT-UVW FAULT INPUT
66 LED-Y LED OUTPUT
67 GLOBAL-FAULT-XYZ  FAULT INPUT
68 LED-R LED OUTPUT
69 GLOBAL-FAULT-ALL  FAULT INPUT
74 X-OCEN-OUT GD-CONTROL  OUTPUT
75 U-OCEN-OUT GD-CONTROL  OUTPUT
76 X-LEN-OUT GD-CONTROL  OUTPUT
77 U-LEN-OUT GD-CONTROL  OUTPUT
78 X-PSDIS-OUT GD-CONTROL  OUTPUT
79 U-PSDIS-OUT GD-CONTROL  OUTPUT
82 Y-OCEN-OUT GD-CONTROL  OUTPUT
83 V-OCEN-OUT GD-CONTROL  OUTPUT
84 Y-LEN-OUT GD-CONTROL  OUTPUT
85 V-LEN-OUT GD-CONTROL  OUTPUT
86 Y-PSDIS-OUT GD-CONTROL  OUTPUT
87 V-PSDIS-OUT GD-CONTROL  OUTPUT
88 SHUTDOWN+15V PS-CONTROL  OUTPUT
90 Z-OCEN-OUT GD-CONTROL  OUTPUT
91 W-OCEN-OUT GD-CONTROL  OUTPUT
92 Z-LEN-OUT GD-CONTROL  OUTPUT
93  W-LEN-OUT GD-CONTROL  OUTPUT
94 Z-PSDIS-OUT GD-CONTROL  OUTPUT
133 W-PSDIS-OUT GD-CONTROL  OUTPUT
161 PWMOIA EPWM OUTPUT
162 PWM9B EPWM OUTPUT
163 RSLV-A-PWM EPWM OUTPUT
164 RSLV-B-PWM EPWM OUTPUT

Table 12. TMS320F28379D ADC Pin Input Map

ADC# INPUT#H NAME Function ‘
A 0 Vsense-U Voltage
A 1 Vsense-V Voltage
A 2 Vsense-W Voltage
A 3 Vsense-X Voltage
A 4 Vsense-Y Voltage
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A 5 Vsense-Z Voltage

A 14 U-TEMP Temperature
A 15 V-TEMP Temperature
B 0 Current-U Current

B 1 Current-V Current

B 2 Current-W Current

B 3 Current-X Current

B 4 Current-Y Current

B 5 Current-Z Current

c 2 W-TEMP Temperature
C 3 X-TEMP Temperature
c 4 Y-TEMP Temperature
C 5 Z-TEMP Temperature
D 0 Vsense-DC Voltage

D 1 CASE-TEMP Temperature
D 2 SIN-A Resolver

D 3 COS-A Resolver

D 4 SIN-B Resolver

D 5 COs-B Resolver

2.2 CGD12HBXMP Gate Driver

Wolfspeed’s CGD12HBXMP footprint matching gate driver for the XM3 platform is used to drive each of the three
power modules. The gate driver has been optimized for Wolfspeed’s C3M devices to extract the maximum
performance from the modules. +15V /-4 V voltage rails are used for the output stage of the driver to match the
recommended Vs rating for C3M devices. A Murata® MGJ2D121505SC DC-DC converter provides 2 W for each
channel with an isolation voltage of 5.2 kV with only 2.9 pF of isolation capacitance. The maximum switching
frequency of the inverter will be limited by the available isolated output power of the gate driver according to
Equation (3),

PGD
fow = 0 AV s &
G GS

where Qg is the total gate charge of the module in coulombs and AVgs is the gate output voltage swing or the
difference between Veare icn and Veare.ow. For the CGD12HBXMP the AVgs is 19 V and the maximum output power
is 2 W. Therefore, for a CAB450M12XM3 module with 1300 nC of total gate charge, the maximum switching
frequency will be approximately 80 kHz.

The ground reference of the high-side gate driver is connected to the midpoint of the half-bridge module and
will switch between the DC bus voltage and power ground every switching cycle with slew rates up to 100 kV/us.
This dv/dt is applied across the isolator’s capacitance and will create a common-mode current to flow into the
primary side of the gate driver and the controller connected to it. Low isolation capacitance and common-mode
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chokes for both power supplies help to limit the common-mode current and prevent primary-side ground
bounce.

Separate output resistors for turn-on and turn-off can be changed to tune the gate rise and fall times. The
output resistors are size 2512 (metric 6332), 2 W surface mount power resistors. A starting value of 5 Q is
recommended, which can be decreased while observing the peak Vps overshoot voltage during turn-off and the
magnitude of the ringing on the Vps and Ips waveforms. A high-output current gate driver IC is used to quickly
charge and discharge the gate capacitance and enable use of low Reex for reduced switching loss. The gate and
source-kelvin trace are routed on adjacent layers with wide, overlapping paths to reduce gate-loop inductance.

2.2.1 Protection Features

Protection features of the gate drivers include tunable over-current detection with soft-shutdown, under-
voltage lockout, and anti-overlap of PWM inputs. The over-current detection circuit forward biases a high-
voltage blocking diode connected to the drain terminal during the on-time and latches a fault signal if the
voltage exceeds a tunable threshold.

The anti-overlap protection of the gate driver will set both output channels low if both PWM input signals are
high to prevent a controller error leading to a shoot-through event. The timing diagram in Figure 16 shows the
anti-overlap feature operation on the right side. The gate driver does not feature built-in dead-time generation.
Dead time will need to be added by the controller. Adead-time value of 2 us as a starting point is recommended,
which may be decreased after measuring both high-side and low-side gates during operation with high-
bandwidth isolated oscilloscope probes such as Tektronix’s IsoVu® series of optically isolated voltage probes.

HS-PWM
>—=< > : >—< >—f=<
teHL || trlH || : trHL : tew -
ton torF : :
VGs-Hs / \ ; / ; \
. / : -
LS-PWM
N N N tPHL N N N
Vas-s : : : / :
- - - 7 - .
Anti-overlap
Figure 16. Gate Timing Diagram
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Figure 17. Over-current Protection Timing Diagram

2.2.2 Differential Signal Communication

Signal integrity is of the utmost importance when controlling power devices with a gate driver. A gate driver
that is susceptible to the powerful interference generated by power devices can induce a shoot-through
condition in the module. The extremely fast turn-on and turn-off times during the switching events in a SiC
power system create immense electromagnetic interference (EMI) that can easily couple onto the gate control
signals. For this reason, differential signaling was chosen to replace standard, single-ended connections
between the gate driver and control board.

Differential signaling significantly reduces the impact of radiated noise from the switching events of a power
module. Asingle-ended signal can easily be converted to a differential signal by transmitting both the original
signal and its complement in two closely coupled wires. At the receiver, the two signals are compared in order
to reconstruct the original signal. Figure 18 illustrates this principle with an example of induced noise forced
onto the cable somewhere between the transmitter and receiver. The noise affects both the original signal and
the complement by the same magnitude assuming the cables are consistently coupled. Thus, when the receiver
compares the two signals, the difference is unaffected by the noise induced on the line and the intended original
signal is created.

For each gate driver in the inverter the HS-PWM and LS-PWM inputs as well as the FAULT and RTD outputs are
all RS-422 compatible differential signals. It is recommended to keep the single-ended side of these signals as
short as possible with a closely coupled ground plane under the traces. For this reason, the driver and receivers
are located on the controller PCB as close as possible to the microcontroller pins.
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t t
Transmitter Receiver
Figure 18. EMI Noise Immunity of Differential Signals
2.2.3 Gate Driver Signal Description
Table 13. CGD12HBXMP Input Connector Pinout
Pin Number Name Type Description
1 +12V PWR +12V Power Output
2 GND - Controller Ground
3 HS-PWM-P O - Diff Pair  Positive Line of High Side PWM Signal Pair
4 HS-PWM-N O - Diff Pair  Negative Line of High Side PWM Signal Pair
5 LS-PWM-P O - Diff Pair  Positive Line of Low Side PWM Signal Pair
6 LS-PWM-N O - Diff Pair Negative Line of RS-422 Low Side PWM Signal Pair
7 FAULT-P | - Diff Pair  Positive Line of Fault Condition Signal Pair
8 FAULT-N | - Diff Pair  Negative Line of Fault Condition Signal Pair
9 RTD-P | - Diff Pair  Positive Line of Temperature Dependent Resistor Output Signal
Pair
10 RTD-N | - Diff Pair  Negative Line of Temperature Dependent Resistor Output Signal
Pair
11 PSDIS 0] Gate Driver Isolated Power Supply Disable Input
12 GND - Controller Ground
13 LEN 0 Gate Driver Logic Enable Input
14 GND - Controller Ground
15 RESET o Gate Driver Fault Detection Reset Input
16 GND - Controller Ground
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PWM Signals: High-side and low-side PWM are RS-422 compatible differential inputs. The termination
impedance of the differential receiveris 120 Q. Overlap protection is provided to prevent both the high-side
and low-side gates from turning on simultaneously. The overlap protection should not be used as a dead-
time generator.

FAULT Signal: The fault signal is a RS-422 compatible differential output with a maximum drive strength of
20mA. A high signal (positive line > negative line) means there are no fault conditions for either gate driver
channel. This signal will be low if an undervoltage-lockout (UVLO) or over-current fault is detected on either
channel. See below for further description for what the individual faults indicate.

UVLO Fault: The UVLO circuit detects when the output rails of the isolated DC/DC converter fall below safe
operating conditions for the gate driver. A UVLO fault indicates that the potential between the split output
rails has fallen below the UVLO active level. The gate for the channel where the fault occurred will be pulled
low through R¢ for the duration of the fault regardless of the PWM input signal. The fault will automatically
clear once the potential has risen above the UVLO inactive level. There is hysteresis for this fault to ensure
safe operating conditions. The UVLO faults for both channels are combined along with the over-current fault
in the FAULT output signal.

Over-Current Fault: An over-current fault is an indication of an over-current event in the SiC power module.
The over-current protection circuit measures the drain-source voltage, and the fault will indicate if this
voltage has risen above a level corresponding to the safe current limit. When a fault has occurred the
corresponding gate driver channel will be disabled, and the gate will be pulled down through a soft-
shutdown resistor, Rss. The drain-source limit can be configured through on-board resistors. The over-
current fault is latched upon detection and must be cleared by the user with a high pulse of at least 500 ns
on the RESET signal.

RTD Signal: RTD output is a differential signal that measures the resistance of the temperature sensor
integrated into XM3 modules. The signal is a frequency modulated signal that encodes the resistance of the
temperature sensor. The approximate temperature of the module can be determined from this resistance.
See Section 2.1.8 for further details.

PSDIS Signal: The PSDIS signal disables the output of the isolated DC/DC converters for the two channels. It
is a single-ended input that must be pulled low to turn off the power supplies. With the power supplies
disabled the gate will be held low with a pull-down resistor. This signal can be used for startup sequencing.

LEN Signal: This is a single-ended input that enables the PWM inputs for both channels. When this signal is
pulled down the differential receivers for both channels are disabled and the gates will both be pulled low
through Rg. All protection circuitry and power supplies will continue to operate including FAULT and RTD
outputs.

Over-Voltage and Reverse Polarity Protection: Power input on pin 1 of the gate driver connector features a
power management IC to protect the gate driver from damage if a power source that exceeds the voltage
rating of the gate driver is connected or if the current limit is exceeded. There is also a diode and MOSFET in-
line with the power input to protect against connecting a power source with positive and negative polarity
reversed.
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2.3 Laminated Busing and DC Bus Capacitor

The vertical offset of the module’s power terminals allows the busbar design to remain simple and cost-
effective while maintaining a low power loop inductance. To achieve higher power density a custom DC link
capacitor with integrated bussing is used to reduced component count. The integrated laminated bussing
connects directly to the power terminals of the XM3 power modules on both sides of the cold plate. Figure 19
shows how the bussing terminals of the capacitor mount to the modules.

Figure 19. Internal View of Power Loop Showing DC Capacitor Connected to Power Modules

By integrating the bussing into the capacitor, the parasitic inductance in the power loop is reduced and a
balanced current path for both sets of modules is ensured. The low inductance of the power loop allows for
faster switching speeds to be used. Selecting an appropriate dc-link capacitor is critical to the overall
performance of the system as the capacitor footprint is one of the biggest constraints in inverter power density
and the electrical performance of the capacitor can limit the achievable power level of the inverter. Figure 20
shows the size comparison of the custom capacitor to six capacitors in standard cylindrical cases to achieve an
equivalent rating. Not only does a cylindrical case approach have nearly double the footprint, it also requires
separate bussing and fasteners to connect to the inverter. The custom capacitor is designed to match the width
of the cold plate and results in a very compact design.
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Figure 20. Side-by-Side Comparison of Cylindrical Case and Integrated Bussing Capacitors

The film capacitors serve two purposes: to close the high-frequency power loop and to provide local energy
storage. To fulfil these roles the bus capacitor must be both low-inductance and have a high ripple current
rating. The reference design features an ECI° UP9-31204K capacitor rated to 325 A ripple current at an ambient
temperature of 40°C and has a capacitance of 600 pF. A900 V nominal voltage rating with a peak voltage rating
of 1200V is suitable for operating on an 800 V DC bus with allowance for peak overshoots from aggressive
switching rates. The capacitor has an equivalent series inductance (ESL) of 13 nH. The 13 nH inductance of the
DC bus plus 6.7 nH power loop inductance for the XM3 module results in a combined power loop inductance of
approximately 20 nH which is lower than the stray inductance of many standard footprint modules alone.

2.3.1 Discharge PCB

Due to the large amount of energy storage possible in the DC bus capacitors, discharge resistors are required
to bring the DC bus to a safe voltage in a reasonable amount of time. The Discharge PCB mounts to a dedicated
pair of V+ and V- terminals of the DC bus capacitor and has high-power surface-mount resistors in addition to a
board-to-board connector for the DC bus voltage sense measurement on the Controller. The voltage sense
measurement is taken across one resistor in a series of four such that the voltage present on the cable between
the discharge board and the controller is ¥4 of the total bus voltage. The resistors are sized to discharge the bus
from a nominalvoltage of 800V to less than 50V in approximately six minutes. This requires the resistor network
of 220 kQ to dissipate a maximum of 3.7 W across 16 resistors and it has a working voltage rating of 2000 V. If a
faster discharge time is necessary, additional discharge resistors should be connected externally to the DC bus.

WARNING: The inverter should never be energized without the Discharge PCB connected as it is necessary
to safely discharge the bulk capacitors.
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CAUTION
IT IS NOT NECESSARY FOR YOU TO TOUCH THE REFERENCE DESIGN WHILE IT IS ENERGIZED. WHEN
DEVICES ARE BEING ATTACHED FOR TESTING, THE REFERENCE DESIGN MUST BE DISCONNECTED FROM
THE ELECTRICAL SOURCE AND ALL BULK CAPACITORS MUCH BE FULLY DISCHARGED.
SOME COMPONENTS ON THE REFERENCE DESIGN REACH TEMPERATURES ABOVE 50° CELSIUS. THESE
CONDITIONS WILL CONTINUE AFTER THE ELECTRICAL SOURCE IS DISCONNECTED UNTIL THE BULK
CAPACITORS ARE FULLY DISCHARGED. DO NOT TOUCH THE REFERENCE DESIGN WHEN IT IS ENERGIZED
AND ALLOW THE BULK CAPACITORS TO COMPLETELY DISCHARGE PRIOR TO HANDLING THE REFERENCE
DESIGN.
PLEASE ENSURE THAT APPROPRIATE SAFETY PROCEDURES ARE FOLLOWED WHEN OPERATING
THIS REFERENCE DESIGN AS SERIOUS INJURY, INCLUDING DEATH BY ELECTROCUTION OR
SERIOUS INJURY BY ELECTRICAL SHOCK OR ELECTRICAL BURNS, CAN OCCUR IF YOU DO NOT
FOLLOW PROPER SAFETY PRECAUTIONS.
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2.4 Power Terminals

The power terminals for the AC side consist of portions of the bussing that extends out the sides of the case
through an insulating plate with mounting holes and captive M10X1.5 nuts. Users may connect to these
terminals with cables with lugs or with busbars. Tighten the bolts to a torque rating not exceeding 11 N-m. All
the AC terminal tabs are 3 mm thick and have a contact surface 29.5 mm wide and 25.5 mm long. Exterior DC
bus terminals are part of the DC Capacitor and extend through an insulating panel in the side of the case. The
DC terminals are 25 mm in diameter and have a hole in the center for connection with M10X1.5 threads. The
cables or busbar used for the power connections must be sized according to the current requirements for the
application. Suggested cable size is a copper cross-sectional area of 107 mm? (AWG 4/0).

2.5 Coolant

A liquid coolant system is necessary to operate the reference design with any load. The pump and heat
exchanger or radiator must be sized appropriately to reject enough heat to maintain the desired cold plate
temperature. Maximum output power is de-rated when operating with coolant temperatures above 25°C
according to the chart in the CRD600DA12E-XM3 reference design datasheet. The suggested coolant liquid is a
50/50 mixture of water-ethylene glycol (WEG). Coolant ports are Y2 inch barbed fittings with a 20.75 mm external
length. The coolant hose should have a 'z inch internal diameter and worm-drive hose clamps used on both

fittings. Only use hoses rated for the temperature range and pressure used in the coolant system; for example,
hoses that meet SAE J20R1 specifications are suitable for the majority of applications.

2.6 Ground Connection

Connect the M4X0.7 grounding stud to an earth ground connection for safety. The grounding stud is connected
to the metal enclosure chassis and internally to the cold plate and module baseplates.

WARNING: The inverter should never be energized without the safety grounding stud connected to earth
ground as this could damage the reference design and/or any connected equipment.

3. Performance Data

3.1 Short Circuit Operation

Wolfspeed’s CGD12HBXMP gate driver is designed to quickly detect and respond to short circuit events and
safely limits the duration to less than 2 ps. The gate driver features soft-shutdown which will pull the module
Ves voltage low when the over-current protection detects a fault condition. The soft-shutdown circuit is
separate from the primary gate driver output stage and has its own external resistor, Rss, which can be tuned to
set the soft-shutdown turn-off time, tss, independently of the normal turn-on and turn-off times. The value of
Rss is larger than Reexr.orr to reduce the Vps overshoot peak during turn-off of high drain current. The duration of
a short circuit event is determined by the blanking time of the protection circuit and Rss. During a short circuit
fault, the drain voltage will saturate while the drain-sense voltage will stay clamped by protection diodes at its
maximum and will charge the blanking time capacitor, Cgank, to the over-current trip voltage at the minimum
tawank. Even though the Vps exceeds the trip level, the fault protection circuit will not engage until after the
blanking time has expired. A short-circuit fault timing diagram is given in Figure 21.
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Figure 21. Timing Diagram for Short Circuit Event

An example waveform from a short circuit test with CAB450M12XM3 is shown in Figure 22 with a bus voltage of
800 V and a Rss value of 5 Q. A copper shorting strip was installed directly across the module terminals thus
creating a very low impedance short. This example shows an overshoot voltage of 985V with a peak Ips current
of 6.2 kA. It can be seen from this example that the ts.ank was set to approximately 1.5 ps.
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Figure 22. Over-current Waveform Showing Soft-shutdown with Rss of 5 Q at 800 V.
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CAUTION
***HIGH VOLTAGE RISK***

THERE CAN BE VERY HIGH VOLTAGES PRESENT ON THIS REFERENCE DESIGN WHEN CONNECTED TO AN
ELECTRICAL SOURCE, AND SOME COMPONENTS ON THIS REFERENCE DESIGN CAN REACH TEMPERATURES
ABOVE 50° CELSIUS. FURTHER, THESE CONDITIONS WILL CONTINUE AFTER THE ELECTRCIAL SOURCE IS
DISCONNECTED UNTIL THE BULK CAPACITORS ARE FULLY DISCHARGED. DO NOT TOUCH THE REFERENCE
DESIGN WHEN IT IS ENERGIZED AND ALLOW THE BULK CAPACITORS TO COMPLETELY DISCHARGE PRIOR TO
HANDLING THE REFERENCE DESIGN.

The connectors on the reference design have very high voltage levels present when the reference design is
connected to an electrical source, and thereafter until the bulk capacitors are fully discharged. Please
ensure that appropriate safety procedures are followed when working with these connectors as serious
injury, including death by electrocution or serious injury by electrical shock or electrical burns, can occur if
you do not follow proper safety precautions. When devices are being attached for testing, the reference
design must be disconnected from the electrical source and all bulk capacitors must be fully discharged.
After use the reference design should immediately be disconnected from the electrical source. After
disconnection any stored up charge in the bulk capacitors will continue to charge the connectors.
Therefore, you must always ensure that all bulk capacitors have completely discharged prior to handling the
reference design.
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3.2 Power Testing Results

Full power testing of the inverter stack is demonstrated with a 3-phase recirculating power test bench. For this
test the inverters are paralleled to form a single 3-phase output. The AC outputs are combined with the pair U
and X forming output phase A, the pair V and Y forming phase B, and the pair W and Z forming phase C. The
three load inductors are connected between one of the output terminals of the inverter and the midpoint of a
large capacitor bank. A DC power supply is used to charge the capacitor bank and to supply the losses of the
system. Energy is transferred from one half of the capacitors to the other half through the inductor during each
switching cycle. The direction of energy transfer reverses over one cycle of the fundamental frequency. The
power factor is unity from the perspective of the inverter because the current and voltage is always in phase.
The schematic for this test setup is shown in Figure 24. This test setup allows for full power testing to be
performed without also requiring a load and power supply capable of the full power rating. The load current
and the upper switch position drain current are monitored along with the midpoint voltage and the upper
switch’s gate voltage. For the current measurements, PEM® CWT UM/3/B/1/80, 600 A wrap-around style
Rogowski Coils are used around the output terminal for each individual AC output. These current probes have
a 30 MHz bandwidth which is sufficient for measuring fundamental and switching frequencies but will not
capture turn-on and turn-off dynamics as accurately as the current viewing resistor used in clamped inductive
load testing. Tektronix® THDP0200, 200 MHz, High Voltage Differential Probes are connected between each
phase to measure phase-to-phase waveforms. The bus voltage is set to 800 V and the modulation factor is
increased until the load current reached 750 Agwus. In the results shown in Figure 23 the inverter was run at a
fundamental frequency of 300 Hz and a switching frequency of 10 kHz with a load current of up to 750 Arus. With
half the DC bus applied to the inductor, the 3-phase dual inverter processed a total of 600 kW of power. The
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total inverter losses for this test was approximately 5.5 kW. The coolant loop for this test was held at a constant
25°C at the inlet port with a flowrate of 24 L/min.
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Figure 23. 3-phase Paralleled Output Current Waveforms at 750 Agrus and 800 V for CRD600DA12E-XM3
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Figure 24. 3-Phase Recirculating Power Test Schematic
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4. Application Example
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Figure 25. Electric Vehicle Dual Motor Drive Application
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5. Software Overview

The XM3 3-Phase Dual Inverter Reference Design is shipped pre-flashed with firmware providing basic open-
loop 3-phase sine-PWM control of the inverter. This open-loop firmware can be controlled with the isolated CAN
port on J9 to change parameter of the open-loop control. Switching frequency, modulation factor, dead time,
and fundamental output frequency can be controlled via CAN communication. The source code for the pre-
flashed firmware is provided so that the user may use the firmware with Wolfspeed’s XM3 3-phase Dual Inverter
Reference Design. Wolfspeed also provides a host program for use with the provided firmware to control the
parameters of the controller from a host computer with a graphical user interface (GUI) window. This program
allows the user to test the reference design at their desired test conditions without needing to modify the
controller firmware. The following sections will guide the user through the process of obtaining the required
files, installing the additional software, and using Wolfspeed’s XM3 Inverter CAN Interface software.

5.1 Important Notes Regarding Source Code, Firmware, and Software

Wolfspeed retains ownership of the source code, firmware, and software provided by Wolfspeed in connection
with this reference design. This source code, firmware, and software is provided solely for use by the initial
recipient and solely for the operation of the evaluation hardware described in this User Guide. This source code,
firmware, and software provided by Wolfspeed is not provided by Wolfspeed to anyone other than the initial
recipient and is not provided by Wolfspeed for any other purpose or use.

In addition, Sections 5 through 8 of this User Guide include guidance for downloading, installing, and/or using
source code, firmware, and software, including software provided by various third-party providers. If the user
follows this guidance, he or she may be or will be asked to (1) accept certain risks identified by anti-virus
software, pop-up windows, or firewalls, (2) provide information and/or make certain representations or
certifications to software licensors, and/or (3) accept the terms and conditions of various license agreements
that govern the use of the software. A user should not proceed with this guidance unless and until he or she
carefully reviews each identified risk, each request for information or a representation or certification, or each
license agreement, in each case as it arises, and decides and agrees for himself or herself to accept that risk,
provide that information, make that representation or certification, or comply with the terms and conditions of
that license agreement, as applicable.

THE SOURCE CODE, FIRMWARE, AND SOFTWARE PROVIDED BY WOLFSPEED IN CONNECTION WITH THIS
REFERENCE DESIGN, AS WELL AS ANY THIRD-PARTY SOFTWARE THAT IS DESCRIBED IN THIS USER GUIDE AND
DOWNLOADED BY THE USER, IS PROVIDED, DESCRIBED, AND/OR DOWNLOADED, AS APPLICABLE, “AS IS” AND
“WHERE IS” AND WOLFSPEED EXPRESSLY DISCLAIMS ALL WARRANTIES OF ANY KIND REGARDING THIS SOURCE
CODE, FIRMWARE, AND SOFTWARE, INCLUDING BUT NOT LIMITED TO ANY WARRANTY OF NON-INFRINGEMENT,
MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE, WHETHER EXPRESS OR IMPLIED. WOLFSPEED
MAKES NO REPRESENTATION THAT THE OPERATION OF THIS SOURCE CODE, FIRMWARE, OR SOFTWARE WILL
BE UNINTERRUPTED OR ERROR-FREE. IN NO EVENT SHALL WOLFSPEED BE LIABLE FOR ANY DAMAGES OF ANY
KIND ARISING FROM THE POSSESSION, USE, OPERATION, LICENSE, SUBLICENSE, SALE, TRANSFER,
CONVEYANCE, OR DISPOSAL OF ANY OF THIS SOURCE CODE, FIRMWARE, OR SOFTWARE, INCLUDING BUT NOT
LIMITED TO DIRECT, INDIRECT, INCIDENTAL, SPECIAL, COVER, RELIANCE, OR CONSEQUENTIAL DAMAGES,

REGARDLESS OF THE THEORY OF LIABILITY.
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The user hereby releases Wolfspeed, its affiliates, and their respective agents, officers, directors, and employees
from and against any and all liability and waives any and all claims and actions it now has or which it may have
in the future against any of them which, either directly or indirectly, are in any way connected with, arise out of,
or result from the user’s possession, use, operation, license, sublicense, sale, transfer, conveyance, or disposal
of this source code, firmware, or software.
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6. Wolfspeed Firmware Installation
6.1 Install Code Composer Studio®

Wolfspeed’s open-loop inverter firmware was developed and tested with Code Composer Studio® (CCS),
Version 8.3.1.00004, from Texas Instruments, Inc. (TI). It is recommended to use this version when working with
Wolfspeed’s source code. If used, it must be downloaded from TI’s website.

6.1.1 Download Code Composer Studio®
Open your web browser and go to the following link to download version 8.3.1.00004.

http://software-dl.ti.com/ccs/esd/documents/ccs_downloads.html#code-composer-studio-version-8-

downloads

Click the download link for the Windows installer.

- O X
@ hitp://software-dl.ti.com/ces/esd/documents/ces_downloads.htmi#code-composer-studio-version-8-downloads ~ & || Search... o~ s
(2 Code Composer Studio Do... LT
Release Build # Date Download Notes Overvien
Latest release information
8.3.1 8.3.1.00004 May 3, Off-line » New/Notable In This Release (8.3.1.00004): Things to know before installing
2019 Installers: = Release notes
=P \\iindows MD5
Linux MDS - 64-bit o9 Coce Compoeer Studie Verson & Donmlosde
onl = Fix for crash on reconnect when using hardware S R e e e
M :05 MD5 breakpoints on C26/13xx devices. Code Composer Studio Version 8 Downloads
@ « EMU19_MO02_PATCH?2 8.1.0.00012 . B 5
Code Ci ser Studio Version 7
Manifest IDE
« Bug and stability fixes REX v3.7.0 o Studie
Device support updates co Studic
« Fix for CC323x Flash issue on Linux Code Composer Studio Version
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Browse in File Explorer to the location where the download was saved.
Unzip the file "CCS8.3.1.00004_win32.zip” and open the resulting folder. There will be another folder inside

named “CCS8.3.1.00004_win32” which you should open.

M + | £C58.3.1,00004_win32 — ] b4
Home Share View o

» |J 4 cut x BT New item + @ open - HHselecta

W= Copy path . T_:] Easy access ™ Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename Mew Properties
access [#] Paste shortcut to to - folder - £ History DD Invert selection
Clipboard COrganize Mew Open Select
<« v 4 » ThisPC » Downloads » CC58.3.1.00004_win32 » CCS58.3.1.00004_win32 w @ | Search CC583.1.00004_win32 0@
Mame Date modified Type Size
7 Quick access
baserepo AM  File folder
& Onelrive binary AM  File folder
5 [ This PC featurerepo AM  File folder
o features AM  File folder
I:? Metwork | £ artifacts AM  Executable Jar File 1KB
= ¥ ccs setup £3.1.00004 AM  Application 15,356 KB
| £ content AM  Executable Jar File KB
|J README_FIRST AM  Text Document 1KB
|J README_FIRST _win32 AM  Text Document 1KB
|j timestamp AM  Text Document 1KB

10 items =
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Run the application named “ccs_setup_8.3.1.00004.exe”

<¢ Code Composer Studio v8 Setup — a *

CCS Installation

The Code Composer Studio installer is checking for any preinstall dependencies. This may take some time.

Please read the information carefully to determine if you need to take any action prior to continuing.

Starting dependency checks...

Operating System Check: Windows 10 -> OK

Installer Path -= OK

Unicode character Check -» OK

Anti-Virus Check -> We have detected you are running anti-virus software on this computer. To ensure no problems occur during the installation, it
is highly recommended that real-time file scanning be turned off before proceeding with the installation.

Pending reboot Check -» OK

Checking Windows Updates...

Done

Texas Instruments -
Continue

T T TP p—p—p—

T T AT TV T8

There may be a warning if you have anti-virus software installed, as illustrated above. After careful review and

acceptance of the risk(s) identified by the warning, click Continue.
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After careful review and acceptance of its terms, select that you accept the license agreement and click Next.

<+ Code Composer Studio v3 Setup

License Agreement

Please read the following license agreement carefully.

TECHNOLOGY SOFTWARE PUBLICLY AVAILABLE

Copyright (c) 2016 Texas Instruments Incorporated L
All rights reserved not granted herein. 1
Limited License Agreement.

This Lirnited License Agreement ("Agreement”) is a legal agreement between you (either an individual or entity) and Texas Instrurments
Incorporated ("TI"). The "Software” consists of the following materials: (a) the materials identified as Tl proprietary software programs in the ]
software manifest for the software subject to the terms herein, and any "on-line" or electronic documentation associated with these programs,
or any portion thereof (the "Licensed Materials"), and (b) the materials identified as open source materials or third party proprietary software in
the software manifest for the Software, or any portion thereof ("Public Software”). For clarification, your use of the Licensed Materials is subject
to the licensing terms contained in this Agreement and your use of the Public Software is subject to the separate licensing terms specified in the
applicable software manifest and/or identified or included with the materials to which they apply. This Agreement does not limit your rights
under, or grant you rights that supersede, the license terms of any applicable Public Software license agreement. By installing, copying or
otherwise using the Licensed Materials you agree to abide by the terms of this Agreement. If you choose not to accept or agree with these
terms, do not download or install the Licensed Materials.

Tl hereby grants you a world-wide, royalty-free, non-exclusive license under copyrights and patents it now or hereafter owns or controls to
make, have made, use, import, offer to sell and sell ("Utilize") the Licensed Materials. With respect to the foregoing patent license, such license is |
granted sclely to the extent that any such patent is necessary to Utilize the Licensed Materials alone. The patent license shall not apply to any
cembinations which include the Licensed Materials, other than combinations with devices manufactured by or for TI ("TI Devices"). Mo
hardware patent is licensed hereunder.

Redistributions must preserve existing copyright notices and reproduce this Limited License (including the above copyright notice and the
disclaimer and (if applicable) source code license limitations below) in the decumentation and/or other materials provided with the distribution.

(®) | accept the terms of the license agreement.

() | do not accept the terms of the license agreement. Print

Texas Instruments

< Back Mext = Finish Cancel
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Select the installation directory to be “C:\ti”. This should be selected already as default.

o .

«+ Code Composer Studio v8 Setup x

Choose Installation Location

Where should Code Composer Studio v be installed?

To change the main installation folder click the Browse button.

CCS Install Folder

cti ~ Browse

5
(
Texas Instruments
< Back Finish Cancel
T T
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Select “C2000 real-time MCUs” on the following screen. Then click Next.

++ Code Composer Studio v8 Setup *

=

Processor Support

Select Product Families to be installed.

Description

O MSP430 ultra-low power MCUs

O SimpleLink™ MSP432™ low power + performance MCUs optimized for processing, sensing, and
O SimpleLink™ CC130 and CC 2600 Wireless MCUs actuation to improve clased Ic'c'pr

O SimpleLink™ Wi-Fi® CC32w Wireless MCUs performance. n
0O CC2538 |EEE 802.15.4 Wireless MCUs

O TM4C12x ARM® Cortex® -M4F core-based MCls
0O Hercules™ Safety MCUs

O Sitara™ AMx Processors

O OMAP-L1x DSP + ARMS® Processor ]
O DaVinci (DM) Video Processors

O OMAP Processors

O TDAx Driver Assistance SoCs & Jacinto DRAx Infotainment SoCs

O C35x ultra-low-power DSP

O C&000 Power-Optimized DSP

O 66AK2x multicore DSP + ARM® Processors & C66x KeyStone™ multicore DSP
O mmWave Sensors

0O Cédx multicore DSP F
O uCD Digital Power Controllers
O PGA Sensor Signal Conditioners

32-bit microcontrollers (MCUs)

[5elect &l Install Size: 1136.42 MB.

Texas Instruments

< Back Mext = Finish Cancel
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Leave the “TI XDS Debug Probe Support” selected and then click Finish.

- '

<+ Code Composer Studic v8 Setup >

Select Debug Probes

Select the debug probes you want installed and deselect the debug probes you want to leave cut.

~Description

TI D5 Debug Probe Support

O Blackhawk Debug Probes

O Spectrum Digital Debug Probes and Boards
O SEGGER J-Link b

[ISelect All Install Size: 1315.29 ME.

Texas Instrurnents

<Back [i Medts> ! Finish Cancel
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If you receive any pop-up window during the installation process and you wish to continue with the installation
after reviewing the content of the window, select Allow access.

@ Windows Security Alert >

Windows Defender Firewall has blocked some features of this

app

Windows Defender Firewall has blocked some features of Tdsh Application an all public, private
and domain networks.

“# - Mame: [Tclsh Application
e
Publisher: ActiveState Corporation
Path: C:luserst ‘appdatailocalitemplcos_fcha048h-

39e3-4eef-7Focl-4a3e 2a57a8 26 td \hin\tclsh, exe
Allow Tdsh Application to communicate on these networks:
Domain networks, such as a workplace network

[]Private networks, such as my home or work network

[]Public networks, such as those in airports and coffee shops (not recommended
because these networks often have little or no security)

What are the risks of allowing an app through a firewall?

Allow access Cancel
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Code Composer Studio will begin installing

L

*¢ Code Composer Studio v3 Setup — a >

CCS Installation '

Code Composer Studic is being installed on your computer

Installing Eclipse ...

Starting Install I
Installing utilities and miscellanecus L
Unzipping

CifUsers/ fAppData/Local/ Temp/ces_fch3048b-8%e3-4eef-T6c1-4a3e2a57a826/ com.ti.costudio.installer. msve.2017.win32_root_14.11.25325

Installing com.ti.ccstudio.installer.msve. 201 7.win32..
com.ti.ccstudio.nstaller.msve. 2017.win3d installed

Unzipping C:/Users/ /AppData/Local/Termp/ces_fcb%048b-89e3-deef-76c1-4a3e2a57a826/jre_root_1.8.0.122
Unzipping Ci/Users/ /AppData/Local/Temp/ces_feb8048b-89e3-deef-76c1-4a3e2a57a826/ downloads/jre-Bul112-windows-i386.zip ]
Unzipping Ci/Users/ /Downloads/CC58.3.1.00004_win32/CC58.3.1.00004_win32/baserepo/eclipse_core_4.5.1.custom-160121.zip

Installing Eclipse ...

Is
(
Texas Instruments Cancel
T T
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Select Finish and CCS will launch.

¥ Code Composer Studio vB Setup

CCS Installation

Code Composer Studioc has been successfully installed.

Launch Code Composer Studio
Create Desktop Shortcut

Texas Instruments
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Select a folder for the workspace directory.

1 - il 1

w+ Eclipse Launcher

Select a directory as workspace

Code Composer Studio uses the workspace directory to store its preferences and development artifacts,

Workspace: ChUszersh, ‘workspace_vB-3-1 e | | Browse...

[] Use this as the default and do not ask again

Launch

Cancel
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CCS should now start and will look like the below screen.

e workspace_vB-3-1 - Code Composer Studioc o O b4

File Edit View Mavigate Project Run Scripts Window Help

H-ERIA RIS REDIE BT E D [Quick Access] | g9 | [
o | (@ Getting Started 32 RS
i

' Resource New il Import
= @ Explorer @ Project H Project

{Examples & Docs)

L

Would you like to use CCS in Simple mode? ' Yes @ No
(Recommended for Energia and LaunchPad users)

ok Demeireen 3
-3 = New iy Import
|/ — Project [ — Praject
Exsmpios & Docs)
S Wonel you e 40| e mode? ( Yos QN
wr  Fecommended for users
.

-2 App ny Support _
v Center n mﬂ Forum o Videos
Community

(Add Features)
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6.2 Install C2000Ware™

Wolfspeed’s open-loop inverter firmware was developed and tested with TI’s C2000Ware™ library version
1.00.06.00. It is recommended to use this version when working with Wolfspeed’s source code. If used, it must
be downloaded from TI’s website.

6.2.1 Download C2000Ware™
Open your web browser and go to the following link to download version 1.00.06.00.

http://www.ti.com/tool/download/C2000WARE/1.00.06.00

Click the download link for the Windows installer.

- O x
{) http://www.ti.com/tool/download/C200: ~ & | | Search... o~ 5o
& C2000WARE_1.00.06.00 | Tl.... (T
b TEXAS INSTRUMENTS Search Q Login / Register

Products  Applications Design resources Support & training  Ordernow  About TI 49 My History W™ Cart @ English @ myTI

Recommendations from Tl.com: B Applications [:] Reference designs {é} Products a Support \_n Training & videos E Featured articles

« Back to software product page

C2000Ware for C2000 Microcontrollers
C2000WARE_1.00.06.00

Release Date: 05 Mov 2018 A newer version of this software is available »

© Supported Platforms @ What's New? © Release Information

This page contains specific information about C2000Ware for C2000 Microcontrollers release package. Refer to the table below for download links and related content.

Product downloads ®\ Download requires export approval (1 minute)

I S

C2000Ware Installers

” Windows Installer for C2000Ware 1.00.06.00 Windows Installer for C2000Ware 195033 K
w macOs Installer for C2000Ware 1.00.06.00 macOS Installer for C2000Ware 190722 K
” Linux Installer for C2000Ware 1.00.06.00 Linux Installer for C2000Ware 192902 K
C2000Ware Documentation v
< >
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Next, login or register with myTI® to enable the download.

2 v @ G| Search.. P~ w i@

@ https://myportal ti.com/portal/dt?provider=TIPassLoginSingleContainer8lt=myti8y)3=2843=1802= 18 goto=https 33
i C2000WARE_1.00.06.00 | Tl.com ¥ myTl account; myTl login; ... % |[ T

i3 TEXAS INSTRUMENTS

Products  Applications  Design resources Support & training  Ordernow  About Tl ™ Cart @ English @ myTl

myTl Account

Existing myTI user? New user? m
Register for free: . m I I
Your email address ’w’ y

| Country or region

Your myTI password Select one ﬂ

Zip or postal code
¥ Remember me

Company/university
Login

Forgot your password? First name

By logging in. you agree to
TI's Terms of use & Privacy

policy. Last name
‘Your email address
Confirm email address
[¥]
< >
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Carefully review the information that is required in connection with the download. If you are willing to provide
this information to TI, please do so and then select the end application.

- O X
° {9 https:/fwww.ti.com/licreg/docs/swlicexportcontrol.tsp¥orm_type=28&prod_no=C2000Ware_1_00_06_00_setup.exediref_url=htt ~ ac Search... o~ "“_' ‘:’
&i3 C2000WARE_1.00.06.00 | Tl.... * & TI Software Approval - Tl.co.. % | |
i} ~
TEXAS INSTRUMENTS Search Q Hello, Matthew | Logout

Products  Applications Design resources Support & training  Ordernow  About Tl £ My History ™ cart @ English @ myTl

Tl Request
To download or access: U.S. Government export approval:
+ Certain Software/Tools/Documents require export All fields are Required. Incomplete information will be DENIED.

approval before download or access.

« If you are approved, a DOWNLOAD BUTTON will
appear. First name:
« If you are not immediately approved, a message will
appear after this form; Software may be delayed Last name:
1-2+ business days.

Your email address:
+ To AVOID delays. please provide complete

information. )
Your full company/university name:
Country this file will be used in:

What end-equipment/application will you use this file for:
O military
O civil

| certify that the following is true:

(a) | understand that this Software/Tool/Document is subject to export controls v
- s sy e S S g Y =
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Carefully review the certifications that are required of you in connection with the download. If you are willing

to make these certifications and they are true and correct, please select Yes and click Submit.

*i) C2000WARE_1.00.06.00 | Th.com & T| Software Approval - Theo.., % ||

° *‘_‘) https:/fwww.ti.com/licreg/docs/swlicexportcontrol.tsp?form_type=28&prod_no=C2001

fare_1_0K

00_setup.exe&ref_url=htt ~ @ € | | Search...

| certify that the following is true:

(a) | understand that this Software/Tool/Document is subject to export controls
under the U.S. Commerce Department’s Export Administration Regulations ("EAR™).

(b} I am NOT located in Cuba, Iran. North Korea, Sudan or Syria. | understand these
are prohibited destination countries under the EAR or U.S. sanctions regulations.

(c) | am NOT listed on the Commerce Department’s Denied Persons List, the
Commerce Department’s Entity List, the Commerce Department's General Order
No. 3 (in Supp. 1t 0 EAR Part 736), or the Treasury Department's Lists of Specially
Designated Nationals.

(d) | WILL NOT EXPORT, re-EXPORT or TRANSFER this Software/Tool/Document ta
any prohibited destination, entity, or individual without the necessary export
license(s) or authorization(s) from the U.S. Government.

(e) I will NOT USE or TRANSFER this Software/Tool/Document for use in any
sensitive NUCLEAR, CHEMICAL or BIOLOGICAL WEAPONS, or MISSILE
TECHNOLOGY end-uses unless authorized by the U.S. Government by regulation or
specific license.

(f) 1 understand that countries other than the United States may restrict the import,
use, or export of the Subject Product. | agree that we shall be solely responsible for
compliance with any such import. use, or export restrictions.

- 1/ We hereby certify that we will adhere to the conditions above.

« 1/ We do not know of any additional facts different from the above.

- 1/ We take responsibility to comply with these terms.

« 1/ We understand we are responsible to abide by the most current. versions
of the Export Administration Regulations and other U.S. export and
sanctions laws.

I CERTIFY ALL THE ABOVE IS TRUE: Yes O No @
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Click the download button to the file.

- O X
Q {'} https://www.ti.com/licreg/docs/swlicresults.tsp?countryMame=United+ States&eeq= Civil&Certify=YES&isubmitsubmit=Subr ~ @& © | | Search... o~ e "':'5
& C2000WARE_1.00.06.00 | Tl.com &9 Ti Software Approval - Tl.co... % |
Wi# TEXAS INSTRUMENTS Search a Hello, Matihew | Logout

Products Applications Design resources Support & training Order now About Tl 40 My History W Cart @ English @ myT

Tl Request

You have been approved to receive this file.
Click "Download" to proceed.

In a few moments, you will also receive an email with the link to this file

Having trouble downloading? Try www. ti.com/software-help

Thank you,
Texas Instruments

ooo @

ecia
MEMBER

You should now have a “C2000Ware_1_00_06_00_setup.exe” file.

Run this file to begin the installation.
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Click Next

.
Wolfspeed.

*# C2000Ware Setup

C2000Ware™
Software

- .

Welcome to the C2000Ware 1.00.06.00 Setup Wizard

The Setup Wizard will install C2000Ware 1.00.06.00 on your
computer, Click "Mext" to continue or "Cancel” to exit the
Setup Wizard.

...................................

<Back | Met> | Cancel
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.
Wolfspeed.

After careful review and acceptance of its terms, select that you accept the license agreement and click Next.

4 C2000Ware Setup

End-User License Agreement

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

x

*3

C2000Ware
Source and Object Code Software License Agreement

WHETHER ¥OU RCCEPT AND RGREE TO ITS TERMS. DO MOT CLICE
UNLESS: (1) ¥YOU WILL USE THE LICENSED MRTERIALS FOR YOUR OWN

IMPORTANT PLEASE CRREFULLY RERD THE FOLLOWING LICENSE RCGREEMENT,

WHICH IS LEGRLLY BINDING. AFTER YOU READ IT, ¥OU WILL BE ASEED
I ACCEET

EEMEFIT AND PERSONALLY RCCEPT. RGREE TO AND INTEND TO BE BOUND BY

L

(®) ‘| accept the agreement
() | do not accept the agreement

Do you accept this license?

< Back Mext =

Cancel
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.
Wolfspeed.

Select the directory to install the C2000Ware library to be “C:\ti\c2000”.

43 C2000Ware Setup — ®
Installation Directory ¢

Please specify the directory where C2000Ware will be installed.

Installation Directory || SiUTNeAD | e

< Back Mext = Cancel
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.
Wolfspeed.

Click Next to start the install.

& C2000Ware Setup — *

Ready to Install kj

Click "Mext" to begin the installation. If you want to review or change any of your
installation settings, click "Back”. Click "Cancel” to exit the wizard.
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.
Wolfspeed.

Wait for the installation to complete. If there is any pop-up window during the installation process and you wish
to continue with the installation after reviewing the content of the window, select allow to continue the

installation.

48 C2000Ware Setup — =
Installing J&J

Please wait while Setup installs C2000Ware on your computer,

Installing
Creating directory C:[..]e_1_00_06_00\device_support\f2833x\commontcmd

Cancel

< Back
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The C2000Ware installation is now complete.

.
Wolfspeed.

4 C2000Ware Setup —

C2000Ware™ . )
Software Completing the C2000Ware Setup Wizard
_— Click the "Finish" button to exit the Setup Wizard.

Do you want to open the C2000Ware installation
directory?

...................................

< Back . Finish
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.
Wolfspeed.

The installation directory should now reflect the following:

I & = | C2000Ware_1_00_06_00 — [m] ¥
Home Share View 0

/f lJ 34 Cut x E‘h Mew item ~ @ Open Bﬂ Select all
W] Copy path ﬂ Easy access ~ Edit Select none
Pinto Quick Copy Paste Move Copy Delete Rename Mew Properties
access [7] Paste shorteut to to - folder - £ History DD Invert selection
Clipboard Organize New Open Select
1 » ThisPC » (C:)OSDisk » ti » ¢2000 » C2000Ware_1_00_06 00 v @ Search C2000Ware_1_00_06_00 0
~
Name Date modified Type Size
3t Quick access
.metadata 8/ 19 12:34 PM  File folder
@ OneDrive boards 8/ 1912:52 PM  File folder
i 8/, 912:52 PN
5 [ This PC device_support g 191 PM  File folder
o docs 1912:33 PM  File folder
IZ? Network driverlib & 1912:32 PM  File folder
libraries 8/ 1912:52 PM  File folder
uninstallers 8/ 1912:54 PM  File folder
utilities 8/ 9 File folder
@ C2000Ware_1_00_06_00_manifest 10 HTML Document ETEB
‘@ C2000Warel pdater 10 Application 6,637 KB
|:] license 10 Text Document 27T KB
@ release_notes 10/ HTML Document 28 KB
12 iterns =

6.3 Create New CCS Project

First, a new empty project will be created into which the Wolfspeed example code and the C2000Ware library
will be imported.

Restart CCS and navigate to the Project menu at the top and select Import CCS Projects.
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N
Wolfspeed.

¥e workspace_v8-3-1 - Code Composer Studio - O b'e
File Edit View MNavigate Project Run  Scripts Window Help

D-EHRIA-RiIF-REIDIF BT D [Quick Access] | & | [

E {d%) Getting Started 3% e =8
By
Py Resource New —y Import
i Explorer @ Project Project
(Examples & Docs)

Would you like to use CCS in 'Simple mode? ' Yes @ No
(Recommended for Energia and LaunchPad users)

Resource = MNew iy Import
Explorer [— Project i Project

iExsmpios & Docs)

Wioud you Lk of

.3 App ny Support _
v Center T 52!‘ Forum o Videos
Community

(Add Features)
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.
Wolfspeed.

In the Import CCS Project dialog select browse and navigate the driverlib directory of the C2000Ware
installation. This will be at

“C:\ti\c2000\C2000Ware_1_00_06_00_Software\driverlib\f2837xd\examples\cpul\empty_projects”

¥ Import CCS Eclipse Projects

|_ Select CCS Projects to Import

Select a directory to search for existing CC5 Eclipse projects.

(®) Select search-directory: | C:\ti\c2000\C2000Ware_1_00_06_00\driverlib\f2837xd\ examples\cpuT\empty_projects | |

Browse... |

() Select archive file: Browsze...

Discovered projects:

| empty_driverlib_project [\ c20000C2000W

............ are_1_00_06_00\driverlib\f283 Txd\examples\cpulhempty_projects\CCS\empty_driverlib_project.projectspec] Select All
Deselect All
Refresh

Automatically import referenced projects found in same search-directory

Copy projects into workspace
Open Resource Explorer to browse a wide selection of example projects...

" ..

Q/' Finish Cancel

Click Finish | - |
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.
Wolfspeed.

Right Click on the new project named “empty_driverlib_project” and select Rename and give it a new name,
such as “XM3 Dual Inverter CAN Example”.

g

-
LS

File

Edit View Mavigate Project Run  Scripts Window Help

(H-HRBiH- B AR P REC D

£

4| B Project Explorer i3 =

£

G ¥ = B @ Getting Started 53
I,sli'j- empty_driverlib_project [Active - CFU1_RAM

g
t «+ Rename Resource O A |
g D)
£ Mew name: | XM3 Inverter CAN Examplel |
g
|
i
|
| preiew >
|
i T
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N
Wolfspeed.

The new project should look like the below screen. There should be a “device” folder with driverlib.h and
device.h. Under the Includes folder there should also be the driverlib directory.

V¥ workspace_v8-3-1 - Code Composer Studio - O X

File Edit View Mavigate Project Run  Scripts Window Help

g~ BifviB - R-iRIY-RECED [Quick Access] | g | [

I§ Project Explorer &2 = <|={'=> ¥ =0 Getting Started 57 = = B
1~ =5 XM3 Inverter CAN Example [Active - CPU1_RAM] - |
w [l Includes
o @ 1/t 2000/ C2000Ware_1_00_06_00/driverlib/f2837xd/ driverlib Resource = N_ew
(=1 Ciftifcesva/tools/compiler/ti-cgt-c2000_18.1.4.LT5/include Explorer B Project
= XM3 Inverter CAN Example (Examples & Docs)
1 XM3 Inverter CAN Example/CPUT_RAM
18 XM3 Inverter CAN Example/device Would you like to use CCS in 'Simple’ mode?
(= CPU1_RAM {Recommended for Energia and LaunchPad users)
v (= device
[ device.c
[A] device.h
[A] driverlib.h
[8] F2837xD_CodeStartBranch.asm
3 driverlib :
| g 2837xD_RAM_Ink_cpul.cmd @ Explorer [l— Project [l -

iExampios & Docs!

[£] empty_driverlib_main.c
Lﬁ 2837xD_FLASH_Ink_cpul.cmd

Wk you lke 1o

=), driverlib.lib
4 ) 3
[#] Problems 32 » Y= 0
0 items
Description ” Resource Path Location |
| £ >
|2 %M3 Inverter CAN Example [on)
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Next take the Wolfspeed source code file and unzip in a location such as downloads.

The unzipped directory should look like the below screen.

» This PC » Downloads » XM3 Dual Inverter Example V1.0 Source Code

Mame

= Analog.c
E g

D Analog.h
=] CANSetup.c

| ] CANSetup.h
D Current.c

D Current.h

=] GATEDRIVER.c
| | GATEDRIVER.h

=] main.c

=] RESOLVER.c
|| RESOLVER.h
=] TEMPERATURE.c
| ] TEMPERATURE.h

D Voltage.c
D Voltageh

PRD-06976 REV. 2, January 2024

Date modified

2/1/2021 5:38 PM

1/28/2021 3:42 PM
1/28/2021 3:42 PM
1/28/2021 3:42 PM
1/28/2021 3:42 PM
1/28/2021 3:42 PM

1
=
[a=]
Fud
=
P
iy
L
=
(==
=
]
=

Size

2 KB
1 KB
7 KB
1 KB
2 KB
1 KB

3 KB
56 KB
5KB
1 KB
& KB
1 KB
2 KB
1 KB

File extenzion

S n T on

=l

s "

= oA

h

XM3 Three-Phase Dual Inverter Reference Design User Guide

N
Wolfspeed.

Type

C File
H File
C File
H File
C File
H File
C File
H File
C File
C File
H File
C File
H File
C File
H File
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.
Wolfspeed.

Next, right-click on the project name and select Add Files. Navigate to the directory in which you unzipped the
Wolfspeed source code and select all of the code files.
B0 Add files to XM3 Dual Inverter Example V1.0

bes

&« v 4 « » Downloads » XM3 Dual Inverter Example ¥1.0 Source Code v | Q0 Search XM3 Dual Inverter Exa... 2
Organize * Mew folder =~ [ @
Mame Date modified Size File extension Type
# Quick access -
= Analog.c 1/28/2021 3:42 PM 8KB .« C File
@ Creative Cloud Files  |5] CANSetup.c 2/1/2021 5:38 PM TKB CFile
& OneDrive |__‘] Current.c 1/28/2021 3:42 PM 2KB .« CFile
|J GATEDRIVER.c 1/28/2021 3:42 PM 1TTKE .« CFile
= This PC |:] main.c 2/1/2021 5:38 PM 56KE . CFile
-] RESOLVER. 1/28/2021 3:42 PM 5KB CFil
¥ Metwork IJ < E— c e
|=] TEMPERATURE.c 1/28/2021 3:42 PM 6KB .c C File
|J Voltage.c 1/28/2021 5:18 PM 2KB .« C File
|:] Analog.h 1/28/2021 3:42 PM 1KE .h H File
|J CANSetup.h 1/28/2021 3:42 PM 1KB .h H File
[ ] Current.h 1KB h H File
|:] GATEDRIVER.h 1/28/2021 3:42 PM IKB .h H File
[ ] RESOLVER.h 1/28/2021 3:42 PM 1KB h H File
[ ] TEMPERATURE.h 1/28/2021 3:42 PM 1KB h H File
[ ] Voltage.h 1/28/2021 3:42 PM 1KB h H File
File name: |"‘u’o|tage.h" "Analeg.c” "CANSetup.c” "Current.c” "GATEDRIVER.c" "main.c" "RESOL V| r e
Click Open
«« File Operation x
Select how files should be imported into the project:
(®) Copy files
3 () Link to files
reate link locations relative to:
Create link locat lative t PROJECT_LOC
Y Configure Drag and Drop Settings...
3
——r——r—r————

Select the Copy Files option to copy the files to your workspace directory project.
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N
Wolfspeed.
Next, under the expanded project in CCS, right click on the “empty_driverlib_main.c” and select Delete and
then OK.
Then right-click on the “2837XD_RAM_Ink_cpul.cmd” file and select the Exclude from Build option.

Then right-click on the “2837XD_FLASH_lnk_cpul.cmd” file and unselect the Exclude from Build option.

The project should now look like the below screen.

¥# workspace_v8-3-1 - Code Composer Studio - O X
File Edit View Mavigate Project Run  Scripts  Window Help

- BB R iR I BECC D [Quick Access] | [ | [

I7 Project Explorer 57 = <|={'=> ¥ = B GeHingStarted et = = 5
w {3‘3 XM3 Inverter CAN Bxample [Active - CPU1_RAM] - ]

[ Includes - o

(= CPU1_RAM Resource o New @

@ device Explorer t? Project

(= targetConfigs (Examples & Docs)

| g 2837xD_FLASH_Ink_cpul.cmd

[€] Analog.c Would you like to use CCS in 'Simple mode? © Yes ® No

[B] Analog.h (Recommended for Energia and LaunchPad users)

[ CAMSetup.c

[h] CANSetup.h

[£] Current.c

[B] Currenth

[£] GATEDRIVER.c

[ GATEDRIVER.h .

&) main.c Resource e MNew . Import

€] TEMPERATURE.c @ Explorer 1 — Project [l - Project

[k TEMPERATURE.h : b

@ VDH:EgE.C ot it S Wl you e 1of a"::m' Yes @ ho

[H] Voltage.h

.ﬁ 2837xD_RAM_Ink_cpul.crmd

W drivedibie 0 e e
4 : 3
& Console &2 = B & Problems 32 ) Advice T v = 5

@ G <§>| '—E EE = :En| = B2~ ,j - 4errors,Owarnings,Ootheri

COT Build Consele [XM3 Inverter CAN Example] Description Reso |
Inverter CAN Exampie,out' fa:i'led A s @ Errors (4 items)
gmake[1]: *** [XM3 Inverter CAN Example.out] @ 210010 null: errors encountered during linkin  XM3
Error 1 7 = - . ‘
makefile:148: recipe for target 'all' failed g ::S:E:iﬁ:l}ﬁr;:l:‘;” not fit ivto available iﬁ:

ake: *** [all] Error 2
B L ! a gmake[1]: = [XM3 Inverter CAN Example.ou XM3

*#*#%* Build Finished ****

£ > L £ >
B XM3 Inverter CAN Example #a |
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.
Wolfspeed.

Right-click on the project and select Show Build Settings.
Click Manage Configurations.
Select CPU1_FLASH and click Se Active.

The project files are too large to debugin ram on the DSP so this sets the debug session to write to flash memory.

type filter text Optimization L=l g v v
General

~ Build
~ C2000 Compiler Configuration:  CPUT_FLASH ~ | | Manage Configurations...

Processor Options
Optirization
Include Options

Performance Advisor Optimization level (--opt_level, -0) off o
! Predefined Symbols - ] -
| Advanced Options Spg ** KM3 Inverter CAN Example: Manage Configurations X I
' C2000 Linker — — 0 (size) 5 (speed)
B C2000 Hex Utility [Disabled] Flo | Configuration  Description Status 0 5
' CPU1_FLASH Active F
i AllY | CPUT_RAM | v
! Set Active Mew... Delete Rename...
]

':?;' Show advanced settings Apply and Close Cancel

- [ PR N
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.
Wolfspeed.

Next, select the Optimization option on the left panel then make sure you have the CPU1_FLASH configuration
selected in the Configuration drop down and it is marked as [ Active ].

Then set the Optimization level to “1 - Local Optimizations” and set the Floating Point mode to “relaxed”.

«# Properties for XM3 Inverter CAN Example

type filter text

General
~ Build
s C2000 Compiler
Processor Options
Optimization
Include Options
Performance Advisor
Predefined Symbols
Advanced Options
2000 Linker
C2000 Hex Utility [Disabled]

'i?;‘ Show advanced settings

Optimization

Configuration: | CPUT_FLASH [ Active ]

Optimization level (--opt_level, -0) 1 - Local Optimizations w

Speed vs. size trade-offs (--opt_for_speed, -mf) 2w

Floating Point mode (--fp_mode) relaxed

Allow reassociation of FP arithmetic (--fp_reassoc) on

~ | | Manage Cenfigurations...

0 (size) 5 (speed)

o

L

Apply and Close Cancel
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.
Wolfspeed.

Under C2000 Linker->Basic Options change the Heap size to “0x200” and change the C system stack size to

“0x400”. Click Apply and Close.
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| & Properties for XM3 Inverter CAN Example O

type filter text Basic Options (=T hd

General
~
i Build
2000 Compiler Configuration;: | CPUT_FLASH [ Active ] ~ | | Manage Cenfigurations...
~ 2000 Linker
3 Basic Options
File 5earch Path
1 Advanced Options Link information (map) listed into <file> {--map_file, -m] | S{ProjName}.map | F
L C2000 Hex Utility [Disabled] Specify output file name (--output_file, -o) | S{ProjName}out | ﬁ
1 Heap size for C/C++ dynamic memory allecation (--heap_size, -heap) | 0200
E| Set C systern stack size (--stack_size, -stack) | Dx4b0
1
' warn if an unspecified output section is created (--warn_sections, -w)

i
E
i
1 ]
:: @' Show advanced settings Apply and Close Cancel
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Wolfspeed.

Under Build Settings -> General from the variant drop-down select “2837xD Delfino” and then TMS320F28379D
in the next drop down.

Under Connection select “Texas Instruments XDS100v2 USB Debug Adapter” as this is the type built-in to the
LaunchPad.

Plug in the miniUSB cable between the controller ControlCard and the computer and the DC barrel jack power
supply.

Now click Verify and CCS will test the connection with the DSP. It should say test successful at the bottom of the
verification dialog.

Ensure the “Manage project’s target-configuration automatically” box is checked.

=+ Properties for XM3 Inverter CAN Example O bt

type filter text General =l - |
General |
I~ Build
i v 2000 Compiler Configuration: | Debug [ Active ] ~ | | Manage Configurations...
| Processor Options
3 Optimization B
Include Qptions 13 Project =) Products v
Performance Advisor
Predefined Symbols Device
Advanced Options Family: 2000
C2000 Linker -
2000 Hex Utility [Disabled] Variant: | 2837xD Delfino V| TMS320F28379D ~
Connection: | Texas Instruments XDS100v2 USE Debug ~ Verify... (applies to whole project)

Manage the project's target-configuration automatically

Tooel-chain

Compiler version: TIv18.1.4.LTS v More...
Output type: Executable

Output format: legacy COFF ~

Device endianness: little

Linker carmmand file: | 2837 _FLASH_Ink_cpul.crmd V| Browse...
Runtime support library: | <automatics V| Browse...

':?;' Show advanced settings Apply and Close Cancel
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.
Wolfspeed.

The default library assumes the DSP is on a control card with a different crystal frequency than the one on the
launchpad used on the controller. The device.h file must be modified to set the crystal frequency correctly so
the clock speed will be correct.

Open the “device.h” file under the “device” directory under the project.
Add two forward slashes (// ) to the beginning of line 101 that starts with “ifdef _LAUNCHXL_F28379D".
Add a forward slash and an asterisk ( /*) to a new line before the comment for “Control Card Configuration”.

The screen below shows what the code should look like after the modification noted by the two blue arrows.

=

v# workspace_v3-3-1 - XM3 Inverter CAN Example/device/device.h - Code Composer Studio — O x
File Edit Wiew Mavigate Project Run  Scripts Window Help
N Bifp-@- R REICEY D [Quick Access| | 1% | [ @3/ %
-5’ {da) Getting Started [€] main.c [A deviceh 3 = & E
91 #define DEVICE_GPIO_CFG_CANTXE GPIO & CANTXE // "pinConfig” for CANB TX P =
D e
g3 [/ rFErrEs
= 94
= 95 // Defines related to clock cenfiguration
[} s
1.3__.'__.'
99 // Launchpad Configuration
1lee //
—’ 101 //#ifdef LAUNCHXL F28379D
la2
-EN
le4 // 1@8MHz XTAL on LaunchPad. For use with SysCtl getClock().
185 //
186 #define DEVICE_OSCSRC_FREQ leaaaaaal
187
1a8 //
189 // Define to pass to SysCtl_setClock(). Will configure the clock as follows:
118 // PLLSYSCLK = 1@8MHz (XTAL 0SC) * 4@ (IMULT) * 1 (FMULT) / 2 (PLLCLK_BY 2)
111 /4
112 #define DEVICE SETCLOCK CFG (SYSCTL_OSCSRC_XTAL | SYSCTL_IMULT(4@) |
113 SYSCTL_FMULT _NONE | SYSCTL SYSDIV(2) |\ |
114 SYSCTL_PLL ENAELE) i
115 I
116 //
117 // 2@8MHz SYSCLK frequency based on the above DEVICE_SETCLOCK_CFG. Update the
118 // code below if a different clock configuration is used!
119 //
26 #define DEVICE_SYSCLK_FREQ ((DEVICE_OSCSRC_FREQ * 48 * 1) / 2)
122 1/
123 // ControlCARD Configuration
124 /7
125 #else
126 w
0 || Writable Smart Insert 10::
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Scroll down further in the same “device.h” file and add an asterisk and a forward slash ( */ ) to the line
immediately after “#endif”.

The screen below indicates the line to be added.

. . — — —
&+ workspace v8-3-1 - XM3 Inverter CAN Example/device/device.h - Code Composer Studio — O x I
File Edit Wiew Mavigate Project Run  Scripts Window Help
i Bit-i@-iR-iRY-IRECC - [Quick Access| | 1 | (B %
5’ idh) Getting Started [£] main.c [n] device.h 5 = & E’

- 118 // code below if a different clock configuration is used! ~
|q‘l‘l 119__."._.-' E
- 126 #define DEVICE_SYSCLK_FREQ ( (DEVICE_OSCSRC_FREQ * 48 * 1) / 2)
=3 121 /*
|_:-_-. 122 /4
= 123 // ControlCARD Configuration
9 124//
125 #else
126
127 //
128 // 28MHz XTAL on controlCARD. For use with SysCtl _petClock().
129 //
138 #define DEVICE_OSCSRC_FREQ 2eaeaaaal
131
132 /4
133 // Define to pass to SysCtl_setClock(). Will configure the clock as follows:
134 // PLLSYSCLK = 2@8MHz (XTAL 0SC) * 28 (IMULT) * 1 (FMULT) / 2 (PLLCLK_BY_ 2)
135 //
136 #define DEVICE SETCLOCK CFG (SYSCTL_OSCSRC_XTAL | SYSCTL_TMULT(2@) | \
137 SYSCTL FMULT NONE | SYSCTL_SYSDIV(2) |\
138 S¥YSCTL PLL ENABLE)
139
148 // i
141 // 28@8MHz SYSCLK frequency based on the above DEVICE SETCLOCK CFG. Update the E
142 // code below if a different clock configuration is used! I
14z //
144 #define DEVICE_SY¥SCLK_FREQ { (DEVICE_OSCSRC_FREQ * 2@ * 1) / 2)
145
146 #endif
148 //
149 // 58MHz LSPCLK frequency based on the above DEVICE_SYSCLK_FREQ and a default
158 // low speed peripheral clock divider of 4. Update the code below if a
151 // different LSPCLK divider is used!
152 //
153 #define DEVICE_LSPCLK_FREQ (DEVICE_SYSCLK_FREQ / 4) v
m| Writable Srart Insert 10::
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Click the hammer icon to rebuild the project.

.
Wolfspeed.

The project should complete the build with no errors or warnings. Optimization or Performance Advice notices

can be accepted because the project can still be uploaded to the controller and debugged.

§f workspace_v3_2 - XM3 Dual Inverter Example V1.0/main.c - Code Composer Studio
File Edit View Mavigate Project Run  Scripts Window Help

D@0 B8RRI RECE -

main.c &2
1=/
2
3 // FILE: main.c W
4 4/

P t Expl

5 // TITLE: ¥M3 Dual Inverter Example Code o ":OJEC oplorer 5
6 /f ~ [= XM3 Dual Inverter Example V1.0 [Active - CPU1_RAM]
7 // AUTHOR: mfeurtado, Matthew Feurtado ﬁ? Binaries
8/ [l Includes
9 // PURPOSE:
18 // This software is designed for the evaluation of the XM3 Dual 3-phase Inverter = CPUTFLASH
11 // Reference Design (CRDEBADAI2E-XM3) and provides only the basic code (& CPUT RAM
12 // required to create an open-loop inverter. The basic 3-phase PWM parameters (= device

13 can be controlled over a CAN interface along with rudimentary feedback from
14 // the on-board sensors. It is designed as a starting point only and it is
15 // left to the user any customization for a particular application.

(== targetConfigs
| g7 2837 _FLASH Ink_cpul.cmd

1% 77 [ Analog.c
1T 171 " [8] Analog.h
18 // REVISION HISTORY: [£] CANSetup.c
19 // we.l 8/31/282@ Dual Inverter Example [ CANSetup.h
/f -ported from XM3 Single Inverter Example V1.3 to Dual Controller [€] Cument.c
/f w@e.2 1/14/2821 Dual Inverter Example @ Current.h

-add phase shift of 2 to compensate for EPWM_SYNCI delay

[¢] GATEDRIVER.c

e

1

2

3/ -add CAN control signals for X¥Z

a ) —remove eCAP |h| GATEDRIVER.h

5 /W -add timer for CAN feedback [ main.c

& // v1.B 2.«'1;‘5?2}: Dual In-«e—vf:e €] RESOLVER.c

70 -Parallel operation o
' -change VDC scaling to 4x [5) RESOLVER
7. -change status LEDs for Dual Controller €] TEMPERATURE.c
/ -CAN update frequency ~6@@Hz for Current and Voltage [5] TEMPERATURE.h
/ -CAN update frequency 2Hz for status and Temperature €] Voltage.c
A I [f) Voltageh

=T
// Included Files
#include "driverlib.h"
#include "device.h™
#include "GATFDRTVFR.h"

P v e )

WL L L L L L L L L R RO R R R R R R R R
o

o

& Console 3 44 <='=(>| B BR[ = %‘l ™ B~~~ = 0 [ Problems § Advice 52
CDT Build Console [XM3 Dual Inverter Example V1.0] 10 items
xml_link_info="XM3 Dual Inverter Example V1.8 _linkInfo.xml" -- ~  Description - Resource

entry_point=code_start --rom_model -o "XM3 Dual Inverter Example V1.@.out”
"./Analog.obj" "./CANSetup.obj” "./Current.cbj” "./GATEDRIVER.cbj" "./RESOLVER.obj"
"./TEMPERATURE.obj" "./Voltage.obj™ "./main.obj"
"./device/F2837xD_CodeStartBranch.obj"” "./device/device.ocbj"

"../2837x_FLASH Ink_cpul.cmd” "../driverlib.lib" -1libc.a

<Linking>

Finished building target: "XM3 Dual Inverter Example V1.@.out"

i Optimization Advice (3 items)
i Performance Advice (7 items)

**** Build Finished ****

Writable Smart Insert e

~
O >
5% 7= 0
-
-
5
-
1 8
.

¥ -

Location

The Wolfspeed Inverter CAN Example setup is now complete.
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6.4 Debugging the Example Project

6.4.1 Start a new debug session
Make sure that the project is in bold with the word [Active] next to it.

Plug in the mini-USB cable into the ControlCard and the computer.
Plugin the +12 V DC barrel jack power supply. The DSP is now powered and connected to the debug computer.

Click on the bug shaped debug icon to start a debug session for this project.

%% workspace_v8-3-1 - (M3 Inverter CAN Example/main.c - Code Composer Studio — O x
File Edit View N te Project Run  Scripts Window Help

R DIR@B R IRIYIREIC G D |Quick Access|: g5 | [
5 Project Bxpl.. 2 = B | {§) Getting Started [€) main.c &2 = 0
BES ~ ~
s
v = )(:B.Inv.erlerCAN Exam 3// FILE: main.c
» %%, Binaries a//
> [l Includes 5// TITLE: XM3 Controller Example Code
» = CPUI_RAM 6//
5 = device ;H AUTHOR: mfeurtade, Matthew Feurtade
» [ targetConfigs g "{."{. PURPOSE :
> Lg 2837xD_FLASH Ink_cp 1@ // This software is designed for the evaluation of the XM3 3-phase Inverter
> [ Analog.c 11 // Reference Design (CRD3@@DA12E-XM3) and provides only the basic code
3 @ Analog.h 12 // required to create an open-loop inverter. The basic 3-phase PWM parameters
5 [€ CANSetup.c 13 ” can be controlled over a F,'l.l-l in*I:e"Face along '.-;i*l:h ’udJ:.rrenta"y' feedlljaclf from
[f CANSetup.h 14 // the on-board sensors. It is designed as a starting point only and it is
> P 15 // left to the user any customization for a particular application.
> g Current.c 16 //
> @ Current.h 17 // REVISION HISTORY:
» [£] GATEDRIVER.c 18//
> [B GATEDRIVERh 19 ” V1i.e -2/28/2019- Initial tn?st code release. Used to run first 3-phase power
B e 2@ // tests of XM3 Reference Design Inverter
’ : 21// -rewrote piCAN'T communication code to work with new D-CAN module for the
> |8 TEMPERATURE.c 22// latest Delfing.
» [B] TEMPERATURE.h 23 // -PwWM fade case LEDs
> g Voltage.c 2401 o =
> @ Voltage.h 25 "f."f. \'1'; ;3;;?'?819'; . se e #defines d - e
ﬁ 2837,D_RAM_Ink_cpu -up a_e.‘ sine Pt __c: use fewe efines and more strucks
-added ADC routines
=), driverlib.lib /i
29 // W1.2 -8/5/2019
3@ // -updated RTD measurement to frequency modulation detection with eCAP
31// -added CAN feedback channels for temperature, current, and voltage
32//
3 A e y
& Console &1 = B [#] Problems () Advice 2 X v =8
@@ﬁ”"ﬁgﬁ :;E*|I-|llavﬁv3items _
CDT Build Console [XM3 Inverter CAN Examnple] Description Resource ~
<Linking> A R v
< Finished huildine tareet: "XM3I Tnwerter CAN L[58 &
_F_b | Writable | Smart Insert | = :
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Select only the CPUL1 for the debug session and click OK.

«+ Launching Debug Session

The project XM3 Inverter CAN Exarnple is compatible with multiple CPUs in the target configuration.

Please select the CPUs to load the program on. This selection will be associated with the active target configuration.,

Texas Instruments XD5100v2 USE Debug Probe 0/C28:0 CPL
[] Texas Instruments XDS100w2 USE Debug Probe_0/C28:0 CPU2

Select All Deselect All

[] Create a debug group for selected cores

Make the group synchronous

\

Sos eSS e

o o Som s e C L n L S e
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The environment will switch to the debug mode. The mode is selectable between edit and debug in the top
right corner of CCS.

CCS will save the project and start building and uploading the code to flash memory.
| & worl -'-*=._'= 8-3-1- _ n E'.;'-:— | Example/main.c - Code Composer Studio — O =

] File Edit View Project Tools Run  Scripts  Window Help

v BipIE2 e R BEL A - DRA- SO H Qi [Quick Access] | 1 | B %

': 5 Debug i1 T = B 0=\ariables i € Expressions il Registers £ =8 = | i = 8
| wr XM3 Inverter CAN Example [Code Composer Studio - Device Debugging]

1 ¥+ Configuring Debugger (may take a few minutes on first launch)... O X

| (&%) Getting Started [ main.c &2 = 8
1/ /R ; , Cenfiguring Debugger (may take a few minutes on first launch)... n

1 2/4 4

{ /reme meinc —
a/y

1 5// TITLE: WM3 Controller E{ Building search data: C28¢ _CPUT (Cannot be canceled)

1 67/

1 7 /7 AUTHOR: mfsurkade, Matthet

| a3/ I:‘Always run in background

1 9 // PURPOSE:

| le// This software is designe =

,,I 11// Reference Design (CRD300 Run in Background Cancel Details ==

| 12 // required to create an op - - -

1 13 // can be controlled over a CAN interface along with rudimentary feedback from

|| 14 // the on-board sensors. It is designed as a starting point only and it is =

| 15 // left to the user any customization for a particular application.

1 16 //

1 17 // REVISION HISTORY:

| 18 ..’.."

| 194/ V1.8 -2/28/2019- Initial test code release. Used to run first 3-phase power v

| B Console &3 @G%|'—ﬁ5ﬁ :.15x|.'".E'Fﬁ"='EI

| COT Build Console [XM3 Inverter CAN Example]

':"C:\\ti\\ccsvS\\utils\\bin\\gmake" -k -j 12 all -0 "

| gmake[1]: "XM3 Inverter CAN Example.out' is up to date.

| **** Build Finished ****

1 v

| [on) | Writable Smart Insert 1:1 : Configuring Debugger (m...st launch)... [ =

IR T T T TS FITE T KR
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After the code has been loaded use the icons at the top of the screen to Run the code, Pause, and Step through
the code.

<+ workspace_v8-3-1- XM3 Inverteg CAN Example/main.c - Code Composer Studio — O *
File Edit View Project Tools;un Scripts ndow Help
Nl R-g@ir 822 BlEvE-POR-S e -k -inaipiy- [quick Access| | g | B3 5
% Debug 32 ¥ = B - \Varables 3% 62 Expressions 1)} Registers gl | i} =__f>| @@ = = B
w We XM3 Inverter CAN Example [Code Composer Studio - Device Debugging] »  Name Type Value Location
v f# Texas Instruments XD5100v2 USB Debug Probe_0/C28i0¢_CPU1 (Susper @ CurrentMsgData  unsigned int[2] [0,0,0,0,0..] 0xDDOD03E2@Data
= oziib e e e F TR » gpioDataReg unsigned long * 0x0000000D {0} Register XARG
= _args main() at args main.c:81 1x084212 _ (® rMsgData unsigned int[3] [0,0,0,0,0..] Dx00D003F2@Data
= c_intD0{) at boot28.asm:261 (x083E65 (_c_int00 does not contain fi B TemperatureMsgl unsigned int[2] [0,0,0,0,0..] OxDDDD03EA@Data
X@ Texas Instruments XD5100v2 USE Debug Probe_0/CPU1_CLAT (Discon g txMsgData unsigned int[8] [0,0,0,0,0..] 0xD00003FA@Data
X@ Texas Instruments XD5100v2 USE Debug Probe_0/C280_CPU2 (Discon @ VoltageMsgData  unsigned int[8] [0,0,0,0,0..] 0xD00003DA@Data
B Texas Instruments XNS10M2 ISR Debua Prake 0/CPLI? C1AT (Discon ¥
£ >
I:ofi,:l Getting Started [€] main.c & = B8
157 // -
159 //
160 void main(void)
161
162 /7
163 // Initializes system control, device clock, and peripherals
164 17 I
165 Device_init();
166 I
167 // Disable pin locks and enable internal pull ups.
168 I
169 Device_initGPIO();
71 ” Initializes PIE and clear PIE registers. Disables CPU interrupts.
72 /f and clear all CPU interrupt flags. -
73 1
74 Interrupt_initModule();
75
6 7
// Initialize the PIE vector table with pointers to the shell interrupt
78 // Service Routines (ISR). v
17N 1
B Consale 53 :E,‘Eﬂ"|="av=?'='ﬁ
KM3 Inverter CAN Example
C28xx_CPULl: GEL Output:
Memory Map Initialization Complete
C28xx_CPULl: If erase/program (E/P) operation is being done on one core, the other core should not execute from shared-RAM (SR) as they are u
£ >
R0 || Writable Smart Insert 157: 3
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7. Wolfspeed’s XM3 Inverter CAN Interface Installation
7.1 Download the XM3 Dual Inverter CAN Interface

Download the Wolfspeed application “XM3 Dual Inverter CAN Interface.zip” to a local directory on the host
computer. Navigate to the download location and right-click on the zip file and select Extract All. Open the
resulting directory and there should be a file named “XM3 Dual Inverter CAN Interface.exe” which is the main
program file that will be executed to run the program.

I [+ = | YDownloadshXM3 Dual Inverter CAM Interface — | X
“ Home Share View 9
« v A » ThisPC » Downloads » XM3 Dual Inverter CAN Interface v Q) Search ¥XM3 Dual Inverter CA... 2

XM3 Dual Inverter CAN KM3 Dual Inverter CAN
Interface.exe Interface LICEMSE.TXT
XM3 Dual Inverter CAM Int... Text Document
2 itemns 1= [

The XM3 Dual Inverter CAN Interface software requires the controller DSP to be running the open-loop inverter
firmware which comes pre-flashed with the reference design or can be built using the provided example source
code shown in section 6.4. In addition to the host software, the host computer will require a hardware CAN
adapter. Wolfspeed’s host software supports the following CAN adapters:

e National Instruments® (NI) USB-8473
e Korlan USB2CAN

e Kvaser®Leaf Light V2

e CANable Pro

The following sections describe the installation procedure for the first two adapters listed above. Additional
adapters supported by python-can can be used but have not been tested. For more information of supported
adapter hardware see https://python-can.readthedocs.io/en/master/interfaces.html
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.
Wolfspeed.

7.2 Install National Instruments® NI-CAN

Using the NI USB-8473 CAN adapter with Wolfspeed’s XM3 Dual Inverter CAN Interface requires the National
Instruments® NI-CAN software to provide the device driver for the USB-8473 hardware.

REQUIREMENTS:
e National Instruments USB-8473 high-speed CAN adapter

e National Instruments NI-CAN driver
e Microsoft® Windows® 10
e USB2.0port

7.2.1 Download NI-CAN
Open a web browser and navigate to the download page for NI-CAN at the following link.

https://www.ni.com/en-us/support/downloads/drivers/download.ni-can.html
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https://www.ni.com/en-us/support/downloads/drivers/download.ni-can.html

Click on the link to download NI-CAN version 18.5

N
Wolfspeed.

NI-CAN 18.5 - PharLap, Windows 10, Windows 8, Windows 7 - National Instruments

W https//uow. i com/en-us/support/downloads/ drivers/download ni-can.htm - 80| search.

W NI-CAN Download - Nation. L

NATIONAL @

INSTRUMENTS’

INNOVATIONS ~ PRODUCTS ~ SUPPORT ~ COMMUNITY

Q

o S ST LI T I |

NI-CAN

I I © Note: Install programming environments such as NI LabVIEW or Microsoft Visual Studio® before installing this product

1-20 of 27 results View 20 v Sortby Release Date v

Descending

v

e e

NI-CAN 18.5 - PharLap, Windows 10, Windows 8, Windows 7 - ;;\BLLEP o
. findows
National Instruments Windows 8
Windows 7
NI-CAN 18.0 - PharLap, Windows 10, Windows 8, Windows 7 - ;;‘ZLLEP 0
. findows
National Instruments Windows 8
Windows 7
NI-CAN 17.0 - PharLap, Windows 10, Windows 8, Windows 7 - ;;‘ZLLEP 0
. findows
National Instruments Windows 8
Windows 7
NI-CAN 16.0 - PharLap, Windows 10, Windows 8, Windows 7 - ;;\BLLEP o
. findows
National Instruments Windows 8
Windows 7
NI-CAN 15.0 - PharLap, Windows 10, Windows 8, Windows 7, ';;\BLLEP o
Windows Vista, Windows XP - National Instruments Wi 8
Windows 7
Windows Vista

Windows XP 32-bit

Windows 7. Windows Vista PharLap

This site uses cookies to offer you a better browsing experience. Learn more about our privacy policy.

1125119

817118

523117

11716

818/15

8/8/14

SITE FEEDBACK.
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http://www.ni.com/download/ni-can-18.5/8074/en/

Click on the download link

W http://www.ni.com/download/ni-can-18.5/8074/en/

W NI-CAN 18.5 - PharLap, Wi L

on the next page for “NICAN1850.exe”

~ O] search.

NATIONAL
INSTRUMENTS'
INNOVATIONS ~ PRODUCTS ~ SUPPORT  COMMUNITY

N
Wolfspeed.

NI-CAN 18.5 - PharLap, Windows 10/8/7

4Ratings | 5.00 outof 5 Frint
Available Downloads:

Browser Download
Download Link: NICAN1850.exe

To get started:
= Click the Download Link link above.
= Your browser wil begin downloading the standalone installr for your software.
= Once the standalone installer has been downloaded, launch the executable and follow the onscreen prompts to complete
the installation of your software.

Filesize: 508.42 MB
o .

Updates and Notifications:
Criical Updates and Security Notiications are posted on ni.com. Before downloading, click here to review this information

Supporting Files:
= readme.him

= readme_jpn.him
= readme_deu him

Download Language: Engiish
Product Line: CAN

Version: 185

Release date: 01-252019

Software type: Driver

‘Operating system: PharLap; Windows 10; Windows 8 Windows 7

» Description
» Installation Instructions

» Supported hardware

This site uses cookies to offer you a better browsing experience. Learn more about our privacy policy.

Your Feedback
Rate this document

Select a Rating V|
Answered Your Question?
OvesOno

x
4
S
=
@
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Login to create a new user account to enable the download.

e ¥ hitps Jokcit05/G8_NIDU/ [T —— ; SioTaven -~ 8| search. o-

W NI User Account it - National L

NATIONAL
INSTRUMENTS

Drivers and Updates

Create an NI User Account

Please fill out the information and click continue to retrieve your requested content Already have an account? Log In >
To continue, create an account, or log in >
First Name Last Name
Role
Please Select v

Email Address

Password

CREATE ACCOUNT

By clicking "Create A
the NI Pri

Legal | Privacy

x
4
S
=
@

This site uses cookies to offer you a better browsing experience. Learn more about our privacy policy.

Run the newly downloaded “NICAN1850.exe” program. If you agree to the request to extract the installer, click
OK.

MI-CAM 18,5 X

This self-extracting archive will create a new directory on your hard
drive and launch the installation of MNI-CAN 18.5.

After installation completes, you may delete the installation directory
to recover disk space,

You should not delete the installation directory if you wish to be

able to modify or repair the installation, or create installers which
will include this distribution in the future,
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Choose a directory for the archive to extract into. This is not the installation directory, so the downloads

directory is acceptable. Click unzip.

WinZip Self-Extractor - MICANT850.exe >
To unzip all files in NICAN1850 exe to the specified _
folder press the Uinzip button.
Run Windip
Linzip to folder:
| ments Downloads . MNI-CANYTE. | Browse... Close
Qverwrite files without prompting About
‘When done unzipping open:
Saetup exe Help
After it is finished extracting, a success dialog will pop-up. Click OK.
WinZip Self-Extractor >
555 file(s) unzipped successfully
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Next, the installer for NI-CAN will run. Choose the “C:\Program Files (x86)\National Instruments\” directory if it
is not already selected. Then click Next.

U NI-CAN18.5 — | *
Destination Directory NATIONAL
Select the installation directories. INSTRUMENTS

M ational Instruments commaon files will be installed on the path below, By defaul,
MI-CaAM will be inztalled in the MI-CaM folder in thiz directory. To accept this, click
Mewt. Othenwize, click Browse to specify a different folder.

Dreztination Directarny
C:%Program Files (<86)\National Instrumerts*, Browse...

Leave the default options on the Features menu. Then click Next.
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17 NI-CAN 18.5 - o x
Features NATIONAL
Select the features to install, INSTRUMENTS
=0 =] NI-CAN 185 MI-CAM 18.5 documentation and device driver files

e Labt/[EW [32-bit] Support for Windows and LabWIENW Real-Time. For important
Labiwindows/CV] Support device support information, please refer to the

ticrozaft Wisual Basic Suppaort readme: him fle.

Microzoft Wisual C Support
Borland C Support

--------- = ~| NI /0 Trace 18.5

--------- = +| MI System Configuration 18.5.0 J
--------- =3 ~| NI Measurement & Automation Explorer 18,5 -[,Et--i_i_ij| DDDD f’l

Thisz feature will be installed on the local hard drive.

< >
Drirectony for MI-CaM 185

| | Browze,

Festore Feature Defaultz | | Digk Cost << Back LCancel

Decide whether you want product notifications and then click Next.
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U3 NI-CAN 18.5

Product Motifications
Pleaze read the following information about the configuration vou have
zelected,

- a X

NATIONAL
INSTRUMENTS

Privacy Palicy.

|:|5 earch for mportant messages and updates on the Mational Instruments products you are installing. To!
iperfarm thiz search, vour IP address will be collected in accordance with the M ational Instruments i

Mote: You will be given the opportunity to select the updates you want to install.

Prnvacy Policy

After careful review and acceptance of its terms, select that you accept the License Agreement and then click

Next.
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U7 NI-CAN 185 - O X

License Agreement NATIONAL
r'ou must accept the licenses displaved below to proceed. INSTRUMENTS

]

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMEMNT ("AGREEMENT™). BY
DOWNLOADING THE SOFTWARE AND/OR. CLICKING THE APPLICABLE BUTTON TO
COMPLETE THE INSTALLATION PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF
THIS AGREEMEMT. IF ¥OU DO NOT WISH TO BECOME A PARTY TO THIS AGREEMENT AMD BE
BOUMD BY ITS TERMS AND CONDITIONS, DO NOT INSTALL OR USE THE SOFTWARE, AND
RETURN THE SOFTWARE (WITH ALL ACCOMPANYING WRITTEN MATERIALS AND THEIR
COMNTAINERS) WITHIMN THIRTY (30) DAYS OF RECEIPT. ALL RETURNS TO NI WILL BE
SUBJECT TO NI'S THEN-CURRENT RETURM FOLICY. IF YOU ARE ACCEPTING THESE TERMS
OMN BEHALF OF AN ENTITY, ¥YOU AGREE THAT YOU HAVE AUTHORITY TO BIND THE ENTITY TO
THESE TERMS.

The zoftware to which thiz M ational Ingtruments licenze applies i MI-CAM 18.5.

(®) | accept the License Agreement.

()1 do naot aceept the License Agreement.

If there is a Windows pop-up to trust National Instruments and you wish to do so, click Trust to allow for the
installation to run. Decide whether to disable fast startup (NI recommends doing so, as illustrated below)

and then click Next.
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L NI-CAN 18.5 — O x
Dizable Windows Fast Startup NATIONAL
Dizable Windows Fast startup to prevent problems with installing or removing INSTRUMENTS
hardware.

The fazt startup capability introduced in Microsoft Windows 8 may cauze problems with inzstalling
or removing hardware. Mational Instruments recommends dizabling WWindows fazt startup. For
more information about Fast startup, click the following link or vizgit ni.comdinfo and enter the Info
Code "WinF astStartup.

Windows Fast Startup Information

Dizable \Windows fazt starbup to prevent problems with installing or removing hardware.

The next screen reviews what software is going to be installed or upgraded. If you have never used NI software,
all of the features will be under Adding. Click Next.

U7 MI-CAMN 18.5 — O >
Start Inztallation NATIONAL
Review the following summary before continuing. WNTI'IIUIIII’.NTS'
Upgrading

« NI 140 Trace 185
M| Measurement & Automation Explorer 18.5

Adding or Changing
» NI-CAN 185

icrozoft Wisual Basic Support
Microzoft Wisual C Support
Borland C Suppart

» NI Syztem Configuration 18.5.0

Click the Mext buttan to begin installation.  Click the Back button to change the installation settings.

Sawe File... <¢ Back LCancel

The installation process will now start. It will likely take several minutes to complete.
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LY MNI-CAN 185 — O x
NATIONAL
INSTRUMENTS
Owerall Progress: 9% Complete
Removing files
<< Back Mewts> f . Lancel |
After the installation has finished successfully, click Next.
U MNI-CAN 185 — O *
Inztallation Complete MATIONAL
INSTRUMENTS

cands. After reboot run the Measurement & Automation Explorer to configure them.

Your NI-CAM device driver has been installed. Please shut down your system and insert your MI-CAN

o Bl e
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After installation is complete, save any other work or programs that are open and click Restart.

MI-CAN 18.5 g X

I Elg You must restart your computer to complete this operation.

If you need to install hardware now, shut down the computer. f you
choose to restart later, restart your computer before running any of this

software.
I Bestart Shut Down Restart Later
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7.2.2 Configure the USB-8473

Navigate to the start menu and open the newly installed NI MAX.

.
Wolfspeed.

Under Devices and Interfaces -> NI-CAN -> USB-8473, right-click on the “CAN0” and select Properties.

ze CAMD - Measurement & Automation Explorer — O X
File Edit View Tools Help
v E3 My System Bus Monitor | Properties » 7 Hide Help
[5l Data Meighborhood - —
« 88 Devices and Interfaces Attribute Value Description & Back 85
v @ NI-CAM B Interface Name CAMND Interface name assigned by the user
v W USB-8473 H Location Port 1 Interface location on the board NI-CAN Port
CAND B Transceiver High-5peed Transceiver type
ASRLT:INSTR "COM1" ® Transceiver Name Philips TIA1041  Transceiver brand name R
o2 USB-2473 (High-Speed CAN What do you want to
! gh-apes E Baud Rate 125.000 kBaud Baud rate selected by the user
i Metwork Devices B Sample Point 87.5% Sample point within the bit transmission do?
&1 Software E BTRO 0x03 Bit Timing Register 0 value
B8 Remote Systems B eTRI BiC Bit Timing Register 1 value < Runthe Bus
Manitor
<+ Change Port
Properties
< > Port Properties
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On the properties dialog, change the Interface to CAN1 and the Baud Rate to 1000 kBaud. Click OK.

Port Properties x
Settingz

Interface | CAMN1 o

Baud Rate | 1000 w | kBaud

Advanced »

Cancel Help

You can now close the NI MAX software.
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The USB-8473 adapter must be connected to the host computer and the DE-9 cable installed between the USB-
8473 and the isolated CAN port on the XM3 Dual Inverter’s Controller. The location of the CAN port is shown in
Figure 15 and the pinout for this connector is given in Table 10. Connect the 12 V power supply to the DC barrel
jack. If the CAN interface fails to communicate, ensure that the pinout of the DE-9 cable matches the pinout in
Table 10. Figure 26 shows an XM3 3-Phase Dual Inverter Reference Design connected with the USB-8473 to the
host computer. In this example the inverter is not connected to a high-voltage source or load. Testing the
controller and gate driver in this manner is recommended to gain familiarity with the system prior to testing
while the inverter is energized.

Figure 26. Example Setup with NI USB-8473

Run the “XM3 Dual Inverter CAN Interface.exe” file and the following Communication Setup dialog should
appear.

Communication Setup nglﬁ
Interface: SocketCAN ~

Channel: CAN1
Bit Rate: 1000000
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Click on the drop-down menu to the right of Interface and select NI-CAN Interface from this menu. In the box
next to Channel you will need to enter CAN1. The box next to Bit Rate identifies the bit rate of the CAN bus and

should be left as default of 1000000.

‘Communication Setup El@
Interface: NI-CAN ~

Channel;: CAN1
Bit Rate: 1000000

Connect!

The NI USB-8473 hardware is now setup for use with Wolfspeed’s XM3 Dual Inverter CAN Interface. Skip to
Section 8 to begin using the software.
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7.3 Install Korlan USB2CAN

Using the Korlan USB2CAN CAN adapter with Wolfspeed’s XM3 Dual Inverter CAN Interface requires the Korlan
software to provide the device driver for the USB2CAN hardware.
REQUIREMENTS:

o Korlan USB2CAN high-speed CAN adapter

e Korlan USB2CAN driver
e Microsoft Windows 10
e USB2.0port

7.3.1 Download USB2CAN
Open a web browser and navigate to the download page for USB2CAN at the following link.

https://www.8devices.com/wiki/korlan
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https://www.8devices.com/wiki/korlan

Click on the link to download the “Windows 64-bit (XP, Vista, Win7, Win8) USB driver v1.0.2.1”

| Koton USR2CAN[sdeices Wiki- Windous rtemetbglorer

.
Wolfspeed.

@ A4 Ia https://www Bdevices.com/wiki/korlan

S ENENEY @ Korlan USB2CAN | Bdevice.. X [.

~lojx|
AR

File Edit View Favorites Tools Help

Single band SOM'=

PRD-06976 REV. 2, January 2024

Korlan USB2CAN

The new Horlan USB2CAN converter from Sdevices sets a2 new quality, performance and price standzards in the market.

Software How To

Comgie Driver for Linux

berry Pi)
Capture CAN Bus Traffic on Windows (Wireshark)

Update: firmware {Li

Update firmware (Windows)

Downloads

Device Documentation
Kordan USB2CAN user guide
Korlan USB2CAN datasheet
Firmware Images

Kiorian USB2ZCAN firmvare i

Korlan ISB2CAN firmware image v2.1 (S/W: EDODO200)

finE) USB drive:

Wind fVing) USB drive:

-bit (KP. Vista. V

Windoves §4-bit (XP, Vista, Wi finE) USE driver v1.0.2.1 (2017.02.20)

CAMAL (CAN Abstraction Layer) DLL w1.0.6

cation v1.0

cation source code

Firmware upgrade tools

Windoves driver 2.0

Linux driverz and tools

USB2CAM Linux driver {GitHub repository)
U=eful links

Wireshark plugin

n Wireshark utility v1.1
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Click save to download the “usb2can_win64_v1.0.2.1.zip” file.
Windows Internet Explorer ﬂ

What do you want to do with usb2can_wingd_v1.0.2.1 zip?

Size: 1.61 MBE

From: www.Bdevices.com

=» Open
The file won't be saved autornatically.

“» Save

=» Save as

Cancel

Navigate in File Explorer to the directory where you saved the download.
Right-click on the zip file and select Extract All.

There will be a single folder inside the resulting directory.

. usb2can_winG4_v1.0.2.1 - 10| x|
li:)év . = Downloads ~ usb2can_wing4 v1.0.21 - - m | Search ushZcan_wingd_v1.0.2.1 E‘J
Organize *  Includein library =  Sharewith =  Burn  Mew folder = ~ i l@l

Marne = | Date modified Type | Siz

- Favorites

. usb2can_windd v1.0.2.1 9/9/201910:22 AM File folder
- Libraries

1M Computer

'?j Metwork
1 i
1 item
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Open the directory and then right-click on the file “usb2can.inf”. Select Install.

[SPT | wnar prasra

. ush2can_winG4 v1.0.2.1 - O] x|

ol i

(\ /’Jv ;= usb2can_wing4_v1.021 = usb2can_winbgd _v1.0.2.1 - m | Search ush2can_winid_v1.0.2.1 @]
Organize +  Includein library v  Sharewith =  Burn  Mew folder = « O l@l
- Favorites MName + | Date modified Type | Siz
o
#  usb2can.inf 9/9/2019 10:22 AM  Setup Information
i Libraries = usb2can_64.cat 9/9/2019 10:22 AM  Security Catalog
% ush2can_B4.5ys 9/9/2019 10:22 AM  Systemn file
1% Computer %) WdfColnstallerD1009.dII 9/9/201910:22 AM  Application extens...
'Fﬂ Metwork
q 2+
4 items

On the following dialog box select Open to continue with the installation of the driver.

DOpen File - Security Warning ﬂ
Do you want to open this file?

- Mame: .64 _v1.0.21%sb2can_wingd_vl.0.2.1\usbZcan.inf
t._.ﬂ Publisher: Unknown Publisher
Type: Setup Information
From: Ch\Users\mfeurtado'\Downloads\usb2can_wingd...

Open | Cancel |

v Always ask before opening this file

P T | While files from the Intemet can be useful, this file type can
" 8/. potentially harm your computer. i you do not trust the source, do not
= open this software. What s the risk?
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Open a web browser and navigate to the download page for USB2CAN at the following link:

https://www.8devices.com/wiki/korlan
Click on the link to download the “CANAL (CAN Abstraction Layer) DLL v1.0.6”

=) Korlan USB2CAN | 8devices Wiki - Windows Internet Explorer = | Dlil
@:—j A Iﬂ https://wnw Bdevices.com/wiki/korlan Djl&l kil || 4 Korlan USB2CAN | 8device... X i ‘:“:' ‘::}
File Edit View Favorites Tools Help
— Korlan USB2CAN "
The new Horlan USB2CAN converter from Sdevices sets a new guality, performance and price standards in the market.
Dual-band SOM's Software How To
Radio modules
Downloads
Others Device Documentation
Firmware Images
Windows drivers and tools
Linux drivers and tools
Us=eful links
v
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Navigate in File Explorer to the directory where you saved the download.
Right-click on the zip file and select Extract All.

There will be a single folder inside the resulting directory. Open this directory.

. ush2can_canal_dll_v1.06 - 10| x|
G(_)v ;= Korlan usbZcan = usb2can_canal_dll_v1.0.6 = ush2can_canal_dll_v1.0.6 - lml | Search usb2can_canal_dll_v1.0.6 l!'_]_‘J
Organize *  Burn  New folder == o~ Al li@l
- Eavarites Name = ‘ Date modified ‘ Type ‘ Size ‘ |
ey
%) usb2can.dll 10/2/2019 3:29 PM  Application extens... 63 KB
4 Libraries
(M Computer
?ﬂ MNetwark
1 item
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Copy the file “usb2can.dll” to the directory where “XM3 Inverter CAN Interface.zip” was unzipped. The directory
should now show the following files.

. XM3 Inverter CAM Interface - 0] x|
(:)(:) . v XM3 Inverter CAN Interface - [ﬂ_]] | Search XM3 Inverter CAM Interface l[.]_‘]
Organize *  Includein library *  Sharewith »  Burn  New folder = -~ i i@l
A Favorites Name = Date modified Type ‘ Size ‘ |
| usb2can.dll 10/2/2019 329 PM Application extens... 63 KB
i Libraries | ¥M3 Inverter CAM Interface LICENSETXT  9/9/2019 5:02 PM TXT File 27 KB
XM3 Inverter CAN Interface.exe 10/2,/2019 4:00 PM Application 13,196 KB
1% Computer
'&h Metwork
3 items
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7.3.2 Configure USB2CAN adapter

The USB2CAN adapter must be connected to the host computer and the DE-9 cable installed between the
USB2CAN and the isolated CAN port on the XM3 Dual Inverter’s Controller. The location of the CAN portis shown
in Figure 15 and the pinout for this connector is given in Table 10. Connect the 12 V power supply to the DC
barrel jack. If the CAN interface fails to communicate, ensure that the pinout of the DE-9 cable matches the
pinout in Table 10. Figure 27 shows an XM3 3-Phase Dual Inverter Reference Design connected with the
USB2CAN to the host computer. In this example the inverter is not connected to a high-voltage source or load.

Testing the controller and gate driver in this manner is recommended to gain familiarity with the system prior
to testing while the inverter is energized.

Reset|Fault 1]2|3]45|6 |1
|

=

Send Packet

1 2 3
APERATUREUVW 1
EMPERATUREXYZ

CURRENTUVW O
CURRENT-XYZ 0

VOLTAGEUVW -1
VOLTAGEXYZ 0

Backspoce

Power

Korlan
USB2CAN

Figure 27. Example Setup with USB2CAN adapter
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Run the “XM3 Inverter CAN Interface.exe” file and the following Communication Setup dialog should appear.

Communication Setup nglﬁ
Interface: SocketCAN =

Channel;: CAN1
Bit Rate: 1000000

Connect!

Click on the drop-down menu to the right of Interface and select USB2CAN Interface from this menu. In the box
next to Channel, you will need to enter the serial number of the Korlan USB2CAN device followed by a semicolon
and 1000 for the bit rate in kbits. The serial number should be 8 characters long and is printed on the bottom
label on the adapter. The box next to Bit Rate identifies the bit rate of the CAN bus and should be left as default
of 1000000.

Communication Setup El@ ﬁ
Interface: USB2CAN Interface ~

Channel: 8AD28C64 ; 1000
Bit Rate: 1000000

Connect!

The USB2CAN hardware is now setup for use with Wolfspeed’s XM3 Dual Inverter CAN Interface. Skip to Section
8 to finish the setup.
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8. Using Wolfspeed’s XM3 Dual Inverter CAN Interface

Open File Explorer and navigate to the directory where the “XM3 Dual Inverter CAN Interface.exe” file was saved.
Double-click on the executable icon to run the application.

Run the application and two windows will pop up. The first window is a command window which will print out
a log of the raw CAN packets that are transmitted between the host and the controller. This window will also
print any error messages from the application. The second window is the Communication Setup dialog. This is
where the CAN adapter is configured based on the type of adapter being used. Refer to sections 7.2.2 and 7.3.2
for the appropriate settings for the NI USB-8473 or Korlan USB2CAN adapter.

~ Communication Setup nglﬁ
Interface: SocketCAN ~

Channel: CAN1
Bit Rate: 1000000

Connect!

After selecting the correct settings, Click Connect! and the Communication Setup dialog will close and the GUI
control window will pop up.
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With the controller connected and powered, the window will look similar to what is shown below.

N
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XM3 Dual Inverter CAN Interface

Switching Frequency (kHz):
Modulation Factor (0-1k):

Dead time (ns):

Fundamental Frequency (Hz):

Power Disable:
Logic Enable:

Reset | Fault:

- o
Inputs Response

10 10

10 10

1000 1000

300 300

Send Packet

*

TEMPERATURE:UVW
TEMPERATURE:XYZ

CURRENT:UVW
CURRENT:XYZ

VOLTAGE:UVW
VOLTAGE:XYZ

1 2 3 CASE
-18 -18 -18 -6
-18 -18 -18
0 0 -1
-1 0 0

VDC

-2 -2 0 0

-1 -1 0
Quit
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The command window will show a log of the raw CAN packets that are sent on the CAN bus. If there is an invalid
packet, a warning will be printed and any errors will be displayed in this window.

nt: 0ae
6.e0e600
nt: @ae
6. 868068
nt: Bab28fa
6. e6a668
nt: 9ae i
6. eee600
a nt: @ae
Timestam 8.600008
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8.1 GUI Window Description

The GUI window is broken into five sections which are described below.

N
Wolfspeed.

XM3 Dual Inverter CAN Interface - o X
Inputs Response
Switching Frequency (kHz)]10 @ 10
Modulation Factor (0-1k)1150 150
Dead time (ns)] 1000 1000
Fundamental Frequency (Hz)]300 300

Power Disable

Logic Enable

Reset | Fault
@ Send Packet
S
1 2 3 CASE
TEMPERATURE:UVW 19 20 19 30
@ TEMPERATURE:XYZ 21 21 22

CURRENT:UVW 0 0
CURRENT:XYZ 0 -1

VDC

VOLTAGE:UVW -2 -2 0

VOLTAGE:XYZ -1 0

Quit (5)

Input Fields: Four numerical input fields for controlling the open-loop sine PWM parameters, switching
frequency, modulation factor, dead time, and fundamental output frequency. Below the numerical input
boxes are the toggle buttons for controlling the state of the gate drivers. There are six buttons next to
“Power Disable” and six buttons next to “Logic Enable”; these buttons are numbered 1,2,3,4,5,6 and
correspond with phases U,V,W,X,Y,Z respectively. The buttons toggle between the colors green and red
to indicate on and off respectively. Next to “Reset | Fault” is a single button to send a reset command to
all gate drivers.

Response Fields: Each numerical field or toggle button corresponds to a field or button in the input field
and displays the state from the most recent control response packet received from the controller. These
fields are all disabled and will be updated after each control packet is sent successfully. These fields
indicate whether the correct control parameters were communicated to the controller and also indicate
the current state of the gate driver fault status.
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Feedback Fields: Display the most recently received feedback values for measured temperature (in
Celsius), current (in amps), and voltage (in volts). Each feedback type has six or seven measurement
channels. There are six channels that correspond to the six output phases of the dual inverter. For example
in the row labeled “TEMPERATURE:UVW” the value under the column labeled “1” corresponds to phase
U measurement, the value under column “2” corresponds to phase V measurement, and the value under
column “3” corresponds to phase W measurement. The CASE channel for temperature is the ambient
temperature of the controller PCB. The VDC channel for voltage is the DC BUS voltage measurement. The
feedback packets are not synchronized to the control loop and are transmitted approximately once per
second.

Send Packet Button: Pressing this button sends a new control packet with the current values for the Input
Fields (1). After the packet is sent, the controller will send back a response packet for the new values
which will be displayed in the Response Field (2).

Quit Button: Pressing this button stops and closes the application.

8.1.1 Input Field Descriptions

Switching Frequency field is the frequency of the output PWM in kHz. Example 20 = 20 kHz switching
frequency. Input range 1 - 65.

Modulation Factor field is the modulation factor of the output PWM scaled by a factor of 1000. Example 100 =
0.1 MF. Input range 0 - 1000.

Dead time field is the dead time between the upper switch and lower switch PWM for each half-bridge in
nanoseconds. Example 1300 = 1.3 ps dead time. Input range 100 - 2000.

Fundamental Frequency field is the fundamental output frequency in Hz. Example 60 = 60 Hz. Input range 1 -

500.
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8.2 Using the XM3 Inverter CAN Interface

To use the XM3 Dual Inverter CAN Interface, first input the desired parameters into the Input Fields and set the
state on the control buttons. Then press the Send Packet button. The Response Field will update with the
parameters and status from the most recent control response packet received from the controller.
Recommended parameters for initial testing of CRD600DA12E-XM3 are Switching Frequency = 10, Dead time =
1000, and a low Modulation Factor (such as 50). The Fundamental Frequency will depend on the connected

load.

XM3 Dual Inverter CAN Interfoce - 0 x
Inputs Response
Switching Frequency (kHz): 10 10
Modulation Factor (0-1k):/ 150 150
Dead time (ns): 1000 1000
Fundamental Frequency (Hz): 300 300

Power Disable:

Logic Enable:

Reset | Fault:

Send Packet

1 2 3 CASE
TEMPERATURE:UVW|19 20 19 30
TEMPERATURE:XYZ|21 21 22

CURRENT:UVW|D 0 0
CURRENT:XYZ|0 -1 0

VDC

VOLTAGE:UVW /-2 -2 0 0
VOLTAGE:XYZ -1 0 0
Quit

Each time a packet is received by the controller, the yellow status LED on the controller will toggle.

PRD-06976 REV. 2, January 2024 XM3 Three-Phase Dual Inverter Reference Design User Guide

© 2024 Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfstreak logo are registered trademarks and the Wolfspeed 113
logo is a trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective

owners and do not imply specific product and/or vendor endorsement, sponsorship, or association.



N
Wolfspeed.

8.2.1 Disabling the Gate Driver Power

Disabling the gate driver power supplies will completely shut down the isolated secondary power supplies for
each gate driver channel. This should only be down when the inverter’s DC bus is de-energized, as gate driver
outputs will be disabled and only the weak gate-source resistor will be holding the device off.

Press the power disable buttons in the Inputs Field to select which gate drivers to turn off. The red button
indicates the channel will be turned-off.

XM3 Dual Inverter CAN Interface - o0 x
Inputs Response
Switching Frequency (kHz): 10 10
Modulation Factor (0-1k): 150 150
Dead time (ns): 1000 1000
Fundamental Frequency (Hz): 300 300

Power Disable:

Logic Enable:

Reset | Fault:

Send Packet

1 2 3 CASE
TEMPERATURE:UVW 20 21 20 31
TEMPERATURE:XYZ 22 23 23
CURRENT:UVW O 0 1
CURRENT:XYZ O -1 0
VDC
VOLTAGE:UVW O -2 0 0
VOLTAGE:XYZ O 0 0
Quit
Then press the Send Packet button.
PRD-06976 REV. 2, January 2024 XM3 Three-Phase Dual Inverter Reference Design User Guide
© 2024 Wolfspeed, Inc. All rights reserved. Wolfspeed® and the Wolfstreak logo are registered trademarks and the Wolfspeed 114

logo is a trademark of Wolfspeed, Inc. Other trademarks, products, and company names are the property of their respective
owners and do not imply specific product and/or vendor endorsement, sponsorship, or association.



N
Wolfspeed.

After the packet is sent, the gate driver power will be disabled. Typically, a fault will be detected when the gate
driver loses power and the controller will respond by disabling all of the Logic Enable signals and displaying a
Fault status in the Response Field. As a result, all of the status boxes in the response fields will be red even
though only a power disable was sent.

XM3 DualInverter CAN Interfoce - o0 x
Inputs Response
Switching Frequency (kHz):/10 10
Modulation Factor (0-1k):/150 150
Dead time (ns): 1000 1000
Fundamental Frequency (Hz): 300 300

Power Disable:

Logic Enable:

2alals ¢

234)s 6

Reset | Fault:

Send Packet

1 2 3 CASE
TEMPERATURE:UVW|-18 -18 -18 ‘31
TEMPERATURE:XYZ -18 -18 -18
CURRENT:UVW 0O 0 0
CURRENT:XYZ O -1 0
VDC
VOLTAGE:UVW -2 -2 0 0
VOLTAGE:XYZ O 0 0
Quit
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8.2.2 Clearing a Gate Driver Fault Condition

If one of the gate drivers indicates a fault condition the controller will detect the fault and immediately disable
all gate driver channels to prevent potential damage to the devices. This will be indicated by one or more of the
Fault indicators in the Response Field being red on the channel corresponding to where the fault was detected.
Additionally, all of the Logic Enable status indicators will be red in the Response Field. An example is shown

below.
¥M3 Dual Inverter CAN Interface - m} it
Inputs Response
Switching Frequency (kHz):/10 10
Modulation Factor (0-1k):/150 150
Dead time (ns): 1000 1000
Fundamental Frequency (Hz): 300 300
Power Disable:
Logic Enable:
Reset | Fault:
Send Packet
1 2 3 CASE
TEMPERATURE:UVW 20 21 20 31
TEMPERATURE:XYZ 23 23 23
CURRENT:UVW 0O 0 0
CURRENT:XYZ 0 0 1
VDC
VOLTAGE:UVW -1 -2 0 0
VOLTAGE:XYZ0D 0 0
Quit
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After de-energizing the bus and any fault condition has been removed, the latched fault status can be cleared
by transmitting a Reset signal to the gate drivers. This is done be pressing the button in the Inputs Field next to

“Reset | Fault” to toggle it to red. Then press the Send Packet Button.

* XM3 Dual Inverter CAN Interface

Switching Frequency (kHz):
Modulation Factor (0-1k):
Dead time (ns):

Inputs
10
150
1000

Response

10

150
1000
300

Fundamental Frequency (Hz): 300

Power Disable:

Logic Enable:

Reset | Fault:

Send Packet

1 2 3 CASE
TEMPERATURE:UVW 20 21 20 31
TEMPERATURE:XYZ 23 23 23
CURRENT:UVW O 0 0
CURRENT:XYZ 0 -1 1
VDC
VOLTAGE:UVW -1 -2 0 0
VOLTAGE:XYZ 0 0 -1
Quit
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After the packet is sent, the Reset Input button will change back to green. In the Response Fields the Fault will
be cleared and changed back to green and the Logic Enable will also be enabled and set back to green for all
channels.

XM3 Dual Inverter CAN Interfoce - 0 X
Inputs Response
Switching Frequency (kHz):/10 10
Modulation Factor (0-1k): 150 150
Dead time (ns): 1000 1000
Fundamental Frequency (Hz): 300 300

Power Disable:

Logic Enable:

Reset | Fault:

Send Packet

1 2 3 CASE
TEMPERATURE:UVW 21 21 20 31
TEMPERATURE:XYZ 23 23 23
CURRENT:UVW O 0 0
CURRENT:XYZ O 0 0
VDC
VOLTAGE:UVW|-2 -2 0 0
VOLTAGE:XYZ 0O 0 -1
Quit
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8.2.3 Toggling Logic Enable
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The output PWM on one of the gate driver channels can be turned off by disabling the Logic Enable signal for
that gate driver and forcing the outputs to be held low. This can be used to test one inverter at a time in the dual
inverter by disabling 1,2,3 to disable UVW and test with only 4,5,6 or XYZ enabled. To disable the Logic Enable
signal, press the button next to Logic Enable to set the desired channels to red. Then press the Send Packet
Button. After pressing the button the selected channel’s Logic Enable indicator will be red in the Response Field

as shown below.

~ KM3 Dual Inverter CAN Interface

Switching Frequency (kHz):
Modulation Factor (0-1k):
Dead time (ns):

Fundamental Frequency (Hz):

Power Disable:

Logic Enable:

Inputs

10

150
1000
300

Response

10
150

1000

300

Quit

Reset | Fault:
Send Packet
1 2 3 CASE
TEMPERATURE:UVW 20 21 20 31
TEMPERATURE:XYZ 23 23 23

CURRENT:UVW 0 0 0
CURRENT:XYZ0 0 1

VDC

VOLTAGE:UVW -2 -2 -1 0

VOLTAGE:XYZ -1 0 0
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8.2.4 Invalid Packets

Both the GUI application and the controller firmware perform rudimentary error checking on the input control
parameters to confirm that they are within an appropriate range. This prevents potential damage from sending
a typo or otherwise incorrect parameter. The valid input range is 1 to 65 for the switching frequency field, 0 to
1000 for the modulation factor field, 100 to 2000 for the dead time field, and 1 to 500 for the fundamental
frequency field. In the example below, the switching frequency parameter was set to 200 kHz instead of 20 kHz.

XM3 Dual Inverter CAN Interfoce - 0 X
Inputs Response
Switching Frequency (kHz):200| 10
Modulation Factor (0-1k):/150 150
Dead time (ns): 1000 1000
Fundamental Frequency (Hz): 300 300

Power Disable:

Logic Enable:

Reset | Fault:

Send Packet

1 2 3 CASE
TEMPERATURE:UVW 21 22 20 31
TEMPERATURE:XYZ 23 23 23
CURRENT:UVW|1 0 1
CURRENT:XYZ O 0 0
VDC
VOLTAGE:UVW -1 -1 0 0
VOLTAGE:XYZ -1 -1 0
Quit
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The packet was determined to be invalid and was not transmitted. A message indicating the invalid packet will
be printed in the command window. This window will continue to scroll, so it may be necessary to use the scroll
bar to find the message. The message indicating that 200 was not a valid input for the switching frequency is
highlighted below.

XM3 Dual Inverter CAM Interface.exe - O *

B .B886060
HI: ¥ 3
68 .680060
: Ba:

8.808800
1 Ba: i
B8 .B886060

: Ba2 a
B.280600
: Ba258fs
B8.808000
: Ba258falz
t 2 .0866060
Valid packet sent: Ba2s&fa
tamp: e .800000
: Ba25af
6.800080
1 Ba: 3
B .086600
: Ba:
B8.800000
: Bal25sef
6.e600080

A_AARAAREA
r Frequer
; not sent
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8.2.5 Determining the Software Version
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The version of the XM3 Inverter CAN Interface can be displayed by right-clicking on the “XM3 Dual Inverter CAN
Interface.exe” file and selecting Properties. Click on the Details tab and the software version will be displayed
next to File Version and Product Version.
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Appendix
Full dimensioned drawing PDF and full controller schematic PDF may be obtained upon request by contacting
Wolfspeed on our forum at https://forum.wolfspeed.com/categories/module-products.

Revision History

Date Revision Changes
February 2021 1 Initial Release
November 2023 2 Reformatted Document

Important Notes

Purposes and Use

Wolfspeed, Inc. (on behalf of itself and its affiliates, “Wolfspeed”) reserves the right inits sole discretion to make
corrections, enhancements, improvements, or other changes to the reference design or to discontinue the
reference design.

THE REFERENCE DESIGN DESCRIBED IS AN ENGINEERING TOOL INTENDED SOLELY FOR LABORATORY USE BY
HIGHLY QUALIFIED AND EXPERIENCED ELECTRICAL ENGINEERS TO EVALUATE THE PERFORMANCE OF
Wolfspeed POWER SWITCHING DEVICES. THE REFERENCE DESIGN SHOULD NOT BE USED AS ALL OR PART OF A
FINISHED PRODUCT. THIS REFERENCE DESIGN IS NOT SUITABLE FOR SALE TO OR USE BY CONSUMERS AND
CAN BE HIGHLY DANGEROUS IF NOT USED PROPERLY. THIS REFERENCE DESIGN IS NOT DESIGNED OR
INTENDED TO BE INCORPORATED INTO ANY OTHER PRODUCT FOR RESALE. THE USER SHOULD CAREFULLY
REVIEW THE DOCUMENT TO WHICH THESE NOTIFICATIONS ARE ATTACHED AND OTHER WRITTEN USER
DOCUMENTATION THAT MAY BE PROVIDED BY WOLFSPEED (TOGETHER, THE “DOCUMENTATION”) PRIOR TO
USE. USE OF THIS REFERENCE DESIGN IS AT THE USER’S SOLE RISK.

Operation of Reference Design
It is important to operate the reference design within Wolfspeed’s recommended specifications and

environmental considerations as described in the Documentation. Exceeding specified ratings (such as input
and output voltage, current, power, or environmental ranges) may cause property damage. If you have
questions about these ratings, please contact Wolfspeed at https://forum.wolfspeed.com/categories/module-
products prior to connecting interface electronics (including input power and intended loads). Any loads
applied outside of a specified output range may result in adverse consequences, including unintended or
inaccurate evaluations or possible permanent damage to the reference design or its interfaced electronics.
Please consult the Documentation prior to connecting any load to the reference design. If you have any
questions about load specifications for the reference design, please contact Wolfspeed at
https://forum.wolfspeed.com/categories/module-products for assistance.

Users should ensure that appropriate safety procedures are followed when working with the reference design
as serious injury, including death by electrocution or serious injury by electrical shock or electrical burns can
occur ifyou do not follow proper safety precautions. Itis not necessary in proper operation for the user to touch
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the reference design while it is energized. When devices are being attached to the reference design for testing,
the reference design must be disconnected from the electrical source and any bulk capacitors must be fully
discharged. When the reference design is connected to an electrical source and for a short time thereafter until
reference design components are fully discharged, some reference design components will be electrically
charged and/or have temperatures greater than 50° Celsius. These components may include bulk capacitors,
connectors, linear regulators, switching transistors, heatsinks, resistors and SiC diodes that can be identified
using reference design schematic. Users should contact Wolfspeed at
https://forum.wolfspeed.com/categories/module-products for assistance if a reference design schematic is not
included in the Documentation or if users have questions about a reference design’s components. When
operating the reference design, users should be aware that these components will be hot and could electrocute
or electrically shock the user. As with all electronic evaluation tools, only qualified personnel knowledgeable
in handling electronic performance evaluation, measurement, and diagnostic tools should use the reference
design.

User Responsibility for Safe Handling and Compliance with Laws

Users should read the Documentation and, specifically, the various hazard descriptions and warnings
contained in the Documentation, prior to handling the reference design. The Documentation contains
important safety information about voltages and temperatures.

Users assume all responsibility and liability for the proper and safe handling of the reference design. Users are
responsible for complying with all safety laws, rules, and regulations related to the use of the reference design.
Users are responsible for (1) establishing protections and safeguards to ensure that a user’s use of the reference
design will not result in any property damage, injury, or death, even if the reference design should fail to
perform as described, intended, or expected, and (2) ensuring the safety of any activities to be conducted by
the user or the user’s employees, affiliates, contractors, representatives, agents, or designees in the use of the
reference design. User questions regarding the safe usage of the reference design should be directed to
Wolfspeed at https://forum.wolfspeed.com/categories/module-products.

In addition, users are responsible for:

e compliance with allinternational, national, state, and local laws, rules, and regulations that apply to the
handling or use of the reference design by a user or the user’s employees, affiliates, contractors,
representatives, agents, or designees.

o taking necessary measures, at the user’s expense, to correct radio interference if operation of the
reference design causes interference with radio communications. The reference design may generate,
use, and/or radiate radio frequency energy, but it has not been tested for compliance within the limits
of computing devices pursuant to Federal Communications Commission or Industry Canada rules,
which are designed to provide protection against radio frequency interference.

e compliance with applicable regulatory or safety compliance or certification standards that may
normally be associated with other products, such as those established by EU Directive 2011/65/EU of the
European Parliament and of the Council on 8 June 2011 about the Restriction of Use of Hazardous
Substances (or the RoHS 2 Directive) and EU Directive 2002/96/EC on Waste Electrical and Electronic
Equipment (or WEEE). The reference design is not a finished product and therefore may not meet such
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standards. Users are also responsible for properly disposing of a reference design’s components and
materials.

No Warranty

THE REFERENCE DESIGN IS PROVIDED “AS 1S” WITHOUT WARRANTY OF ANY KIND, INCLUDING BUT NOT LIMITED
TO ANY WARRANTY OF NON-INFRINGEMENT, MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE,
WHETHER EXPRESS OR IMPLIED. THERE IS NO REPRESENTATION THAT OPERATION OF THIS REFERENCE
DESIGN WILL BE UNINTERRUPTED OR ERROR FREE.

Limitation of Liability

IN NO EVENT SHALL WOLFSPEED BE LIABLE FOR ANY DAMAGES OF ANY KIND ARISING FROM USE OF THE
REFERENCE DESIGN. WOLFSPEED’S AGGREGATE LIABILITY IN DAMAGES OR OTHERWISE SHALL IN NO EVENT
EXCEED THE AMOUNT, IF ANY, RECEIVED BY WOLFSPEED IN EXCHANGE FOR THE REFERENCE DESIGN. IN NO
EVENT SHALL WOLFSPEED BE LIABLE FOR INCIDENTAL, CONSEQUENTIAL, OR SPECIAL LOSS OR DAMAGES OF
ANY KIND, HOWEVER CAUSED, OR ANY PUNITIVE, EXEMPLARY, OR OTHER DAMAGES. NO ACTION, REGARDLESS
OF FORM, ARISING OUT OF OR IN ANY WAY CONNECTED WITH ANY REFERENCE DESIGN FURNISHED BY
WOLFSPEED MAY BE BROUGHT AGAINST WOLFSPEED MORE THAN ONE (1) YEAR AFTER THE CAUSE OF ACTION
ACCRUED.

Indemnification

The reference design is not a standard consumer or commercial product. As a result, any indemnification
obligations imposed upon Wolfspeed by contract with respect to product safety, product liability, or
intellectual property infringement do not apply to the reference design.
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