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About this document

About this document

The document describes the features and hardware details of the KIT_TRAVEO_T2G_B_H_MC1 motor control
evaluation kit, which is designed to serve as an evaluation platform for motor control applications with the
TRAVEO™ T2G Body High dual-core Arm” Cortex” M7-based microcontroller. This board is a part of Infineon’s
motor control evaluation platform kits.

Intended audience

This document is intended for KIT_TRAVEO_T2G_B_H_MC1 users. This board is intended to be used under
laboratory conditions.

Reference board/kit

Product(s) embedded on a PCB with a focus on specific applications and defined use cases that may include
software. PCB and auxiliary circuits are optimized for the requirements of the target application.

Note: Boards do not necessarily meet safety, EMI, or quality standards (e.g., UL, CE) requirements.
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Important notice

Important notice

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

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

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

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

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

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

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

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

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

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions

Safety precautions

Table 1 Safety precautions

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

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

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

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

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

> BB
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1 Introduction

1 Introduction

The KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit allows for the evaluation and development of
motor control applications using the TRAVEO™ T2G CYT4BF microcontroller (TRAVEO™ T2G CYT4BF).

CYT4BF is a family of TRAVEO™ T2G microcontrollers targeted at automotive systems such as high-end body-
control units. CYT4BF has two Arm’ Cortex’-M7 CPUs for primary processing, and an Arm’ Cortex’-M0+ CPU for
peripheral and security processing. These devices contain embedded peripherals supporting Controller Area
Network with Flexible Data rate (CAN FD), Local Interconnect Network (LIN), Gigabit Ethernet, and FlexRay.
TRAVEO™ T2G devices are manufactured on an advanced 40-nm process. CYT4BF incorporates a low-power
flash memory, multiple high-performance analog and digital peripherals, and enables the creation of a secure
computing platform.

KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit includes a power stage inverter card, adapter card,
BLDC motor, and TRAVEO_T2G_B_H_DC_V1 drive card featuring two potentiometers, a push button, and two
user LEDs for easy interaction and visual feedback. It incorporates a USB Type-C connector for convenient USB
device connectivity. Onboard debugger based on J-Link simplifies programming and debugging tasks.
Additionally, it offers a Trace box and ETM header. With four hall sensor headers, four encoder headers, a
mikroBUS header, and a high-density connector, it provides flexibility and expandability for sensor integration
and connectivity options. The board supports operating voltages from 3.3V to 5.0 V for TRAVEO™ T2G CYT4BF.
ModusToolbox™ is used to develop and debug TRAVEO™ T2G CYT4BF projects. It is a set of tools that enables
integration of these devices into existing development methodology.

For additional information about TRAVEO™ T2G CYT4BF, see AN235305 - Getting started with TRAVEO™ T2G
family MCUs in ModusToolbox™ software, which assists in creating custom designs using the Eclipse IDE for
ModusToolbox™ software.

1.1 Kit contents

The kit includes the following contents:

+ KIT_TRAVEO_T2G_B_H_DC_V1 motor control card
«  Drive adapter card

+ KIT_MOTOR_DC_250W_24V_T2G power board

« USB Type-Ato USB Type-C cable

« Nanotec DB42M03 24V BLDC motor

«  24V/1AAC/DC power adapter

+  Quick start guide

1.2 Getting started

This guide aims to familiarize you with the evaluation kit.

+  The Kit operation section describes the major features and functionalities such as programming,
debugging, and USB-UART bridges of the KIT_TRAVEO_T2G_B_H_DC_V1 motor control card

«  The Hardware section provides a detailed hardware description

+  Application development using the KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit is supported
in ModusToolbox™. ModusToolbox™ is a free development ecosystem that includes the Eclipse IDE
for ModusToolbox™ and the TRAVEO™ T2G CYT4BF SDK along with TRAVEO™ T2G CYT4BF MCU. Using
ModusToolbox™, you can enable and configure device resources, middleware libraries, write C/assembly
source codes, and program or debug the device. For more information, see the ModusToolbox™ software
installation guide

+ Code examples are available for evaluating the KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit.

These examples help you become familiar with the TRAVEO™ T2G CYT4BF MCU and create your own
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1 Introduction

designs. These examples can be accessed through the ModusToolbox™ Project Creator tool. Additionally,
see Infineon code examples for ModusToolbox™ software to access these examples

1.3 Key features

The KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit features:

«  AnInfineon TRAVEO™ T2G CYT4BF dual-core (Arm’ Cortex” M7-based) microcontroller TRAVEO™ T2G
CYT4BF8CDE, 350 MHz, 8 MB flash/1 MB SRAM, TEQFP-176

«  Connection to MADK boards (M1/M3/M5) and Samtec 2x30 pins HSEC8 connector for LV15W card via a
100-pin HD connector connected to the T2G drive adapter card

+ Five LEDs
- 1PowerLED
- 2 USER LED: User-controlled LED
- 2DEBUG LED & AUX LED: Debugger-controlled LEDs
+ Isolated debug options (default)
- Onboard debugger (SEGGER J-Link LITE) via a USB connector

- Isolation must be built between this connector and the computer side to prevent overvoltage in the
computer

« Isolated connectivity
- UART channel of on-board debugger (SEGGER J-Link LITE) via USB connector
- CANinterface on a 4-pin header X14
« 2non-isolated debug options
- SWD/JTAG via 10-pin 1.27 mm header
- ETMtrace via 20-pin 1.27 mm header
«  Power supply of TRAVEO™ T2G CYT4BF MCU
- Via 100-pin expansion board (5 V or 24 V) converted to 3.3Vor5V
- Viadebug USB connector, 5 Visolated DC-DC converted to 3.3Vor5V
+  Power supply of XMC4200 MCU in isolated debug domain
- Viadebug USB connector
«  KIT_MOTOR_DC_250W_24V_T2G power board
- Rated voltage: 24 V and rated power: 250 W
- Three shunt and single shunt operation
+  DB42MO03 brushless DC motor
« 24V/1AAC/DC power adapter
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2 Kit operation

2 Kit operation

The KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit serves as an evaluation board to aid engineers in
developing TRAVEO™ T2G Body High-based motor control solutions in combination with suitable power stage
evaluation boards featuring the MADK connector (M1/M3/M5). The board is equipped with an isolated onboard
debugger for programming and debugging via a USB interface. Additionally, it features a USB VCOM
functionality using the same USB connection utilized for the debugger.

KIT_TRAVEO_T2G B_H_DC_V1/ KIT_TRAVEO_T2G_B_H_MC1 motor control card functional block diagram

7 v
33v - [ | Switch selection |
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cann,cant | N i=
T
USB: VISOS : :vncnr,?_.‘_:"___:..__“‘... — —
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Figure 1 KIT_TRAVEO_T2G_B_H_DC_V1 motor control card block diagram
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2 Kit operation

KIT_TRAVEO_T2G B_H_DC_V1 Motor Drive Card details

22 21 20 19 18 17 16 15

1DC-DC

2 USB Type C socket

3 DEBUG and AUX LEDs

4 XMC4200 MCU(Jlink lite)

5 Isolated CAN header

6 SWD/UART/CAN isolators

7 USER LEDs

8 USER and RESET buttons

9 Potentiometers

10 Motor2 Encoder input

11 Motor2 HALL sensor input

12 MCU TRAVEO™ T2G CYT4BF
13 Motor4 Encoder & HALL inputs
14 HD 100 pin connector

15 MADK M5 pinout header

16 Motor3 Encoder & HALL inputs
17 ETM-Trace header

18 Motor1 HALL sensor inputs
19 Motor1 Encoder input

20 10 pin SWD/JTAG header

21 Debug interface selection

22 MikroBUS header

6 78 9 10 11 12 13 14

Figure 2 KIT_TRAVEO_T2G_B_H_DC_V1 motor control card details
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Figure 3 Drive adapter card details

The components present in the drive adapter card are:

1. 100-pin HD connector (J1)

2. 2x20 headers (J9, J10, J11, J12)

3. Samtec connector (J13)

4, MADK M1 connector (J6) and MADK M3 connector (J6 + J7)

5. MADK M5 connector (J4)

6. Samtec connector (J2)

7. MADK M1 connector (J5) and MADK M3 connector (J5 + J8)
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Figure 4 KIT_TRAVEO_T2G_B_H_DC_V1 motor control card connected to the drive adapter card

2.1 Using the OOB example

Figure 5 KIT_TRAVEO_T2G_B_H_MC1 complete setup with motor

2.1.1 Standalone operation

The MCU is pre-programmed with the out-of-box (OOB) firmware, configured to run the included motorin
sensorless field-oriented control (FOC) three-shunt mode. To ensure proper operation:

1. Set the input voltage selection jumper (X20) to position 2-3 (V5V)

2. Set the VMCU voltage selection jumper (X21) to position 1-2 (VDD5)

3. Connect the control and power board using the adapter board as shown in Figure 5

4

. Connect the motor wires to the motor screw terminal connector (CN3) on the power board as follows:
+  Yellow: U
User guide 10 002-41810 Rev. **
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2 Kit operation

+ Red:V
+ Black: W

5. Connect the 24 V/1 A power adapter to the DC input barrel jack (CN1) on the power board and turn on
the power supply

6. The motor shaft spins in a clockwise direction (with respect to the motor front side)

7. The motor speed is controlled by the potentiometer POT1 (R6). Use the provided screwdriver to adjust
the potentiometer setting

8. The user button (SW2) is used to change the motor direction. When pressed, the motor speed ramps
down to ‘0’ and stops. To restart the motor in the reverse direction, set the potentiometer (R6) to zero
speed and then increase the speed

9. User LED1 (yellow) indicates the following motor directions:

«  On: For clockwise direction
+  Off: For counter-clockwise direction

Note: The motor speed depends on the potentiometer setting. If the potentiometer is set to ‘0’ (fully turned
in a clockwise direction), the motor will not run.

2.1.2 GUI operation
2.1.2.1 Create a new project
1. Install ModusToolbox™ Motor Suite GUI from Infineon Developer Center (IDC)
Note: Use ModusToolbox™ Setup tool as an alternative to download and install ModusToolbox™ Motor
Suite.
2, Ensure that all the micro switches of SW3 are on the right side for proper operation
3. Follow steps 1 to 5 as described in the standalone operation section to set up the hardware
4, Connect the USB cable to the PC and the control card USB socket
5. Open the ModusToolbox™ Motor Suite GUI
6. Navigate to KIT_TRAVEO_T2G_B_H_DC_V1 Motor Control Drive Kit, select RFO, and click New Project to

open the configurator view

User guide 11 002-41810 Rev. **
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4% ModusToolbox™ Motor Suite TRAVEO ™ T2G CYTABF ®

Project Help

-~
(Infineon o |

Reference design boards include:

New Project

&

- Control board with TRAVEO™ T2G-BH

€ P

]
o microcontoller
Build configurations:
| & = Field Oriented Control (FOC) - Sinusoidal

Commutation

| . .
PSOC™ Control C3M5 TRAVEO™ T2G CYT4BF 6EDL7141 3 Shunts © Rotor Field Oriented (RFO)
- Conventional Field Oriented Control -

Compact Kit Motor Control Drive Kit XMC1400 most commonly used

© Stator Field Oriented (SFO)

[ act - New Project - Direct torgue control capability

* Trapezoidal with Block Commutation (TBC)
- Conventional block commutation

Getting Started:

- Click New Project to load the template project file
for TRAVEQ™ T2G CYT4BF Advanced Motor Control
Open Project Mator Control Drive Kit motor control

- Click Open to open the existing project
1. TRAVEO ™ T2G CYT4BF.imcsp C:\TRAVEQ ™ T2G CYT4BF.imcsp

More Information

You can visit Infineon website for more
infarmation. For your questions please contact
Infineon support.

Version 2.6.0 J-Link 581205914 » Connected to TRAVEO™ T2G CYT4BF Motor Control Kit (Advanced Motor Control - RFO)
Figure 6 GUI: Open new project
2.1.2.2 Configurator view

1. A green color at the bottom of the suite indicates a successful connection
2, Configure the static parameters in the configurator view

3. Click Flash Firmware to reprogram the default firmware

4, Click the Test bench button to switch to the test bench view
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4 ModusToolbox™ Maotor Suite TRAVEQ ™ T2G CYT4BF
Project Help Tools
-,
<|l’|fll1€0|'|_ |Search Parameter Q| Q o 30|
System Diagram Parameter Controls (2 ExpandAll > | 3T
1
> MCU
?*+ RFO Control
' System > DC Supply
e . > Motor
Observer
lAd;p:i'.-aFle Filters Jf Biqusd Low Pass Fi\terth:sE Lock Lonpl e | ] | % e > Mechanical Load
Filters ]
iSpEEd Anti-Resonant :\lterlﬁtielsmlisn E;tima(:r!TonqLE Fil@w] ‘—‘ JE} JEB ] a
Controllers ‘—‘
= 3
Parameter Diagrams
Important: Please click question mark (7) next to
Parameter Controls on top of this section to get more
information about parameter configuration.
Version 2.6.0 J-Link 591205914 » Connected to TRAVEO™ T2G CYT4BF Motor Control Kit (Advanced Motor Control - RFO)
Figure 7 GUI: Configurator view
2.1.2.3 Test bench view
1. In the command panel, use the drive switch to enable or disable the drive
2. To set the motor speed using the target set slider in the command panel, turn off the potentiometer
control switch in the GUL. If the potentiometer control switch is on, the potentiometer (R6) on the kit
controls the motor speed
3. Use the emergency stop to halt or restart the motor and clear faults
4, The control panel and command panel sections display various parameters, including:
+  Voltage applied
+  Currents flowing
+ DCbusvoltage
« Faults
«  Control scheme
+  State of the state machine
«  Motordirection
5. Select the oscilloscope view to stream these parameters. For more details, see the user manual located
in the top left corner of the oscilloscope window
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A ModusToolbox™ Motor Suite TRAVEQ ™ T2G CYT4BF &
Project Help Tools
-~ - o
- - Q = -0
Infineon  |Search Parameter Q| e =03
# Control Panel Tuning Parameters (2 ExpandAll > | 3T
Speed Command Current Q-Axis Command Current D-Axis Command S MCU
- 0 RPM - 0 A - 0 A
| i i
1153 ' Feedback ' Feedback ' Feedback
(ka1
I - 0 reM P S x 0o A e - 0o A > Mechanical Load
(=) Voltage DC-Bus Measured Voltage Q-Axis Command Voltage D-Axis Command
252 vV 1] vV 0 W
i oV Threshald Limit () Limit ()
! e 312 v I S 138 v L S 133 v
uv Threshold
168 Vv
12T Protection Temperature Protection
Hardware NoFault (@ 540 Current " Measured
28082 A (P B3 C @
Software NoFault (@ Limit qe
. . Limit
Fault Reaction No Reaction - 10.8 A - )
o 108 - 800 °C
Status .
No Fault w Emergency Stop Q Inactive " 0
Command Panel
- - Potentiometer
Target Set Direction Drive Control
TN T T T T N T T T T T T N B B B : 0 % — + Ll mEF\ABL r-|1C}N
0 5 10 15 20 25 30 35 40 45 50 S5 20 &5 70 75 30 85 00 25 100 ‘:' NEGATIVE 8" oisasl 8" o Important: Please click question mark (7) next to
Parameter Controls on top of this section to get more
Control Scheme  Speed Mode FOC. Shunt type Three_Shunt Direction Pasitive . _ .
information about parameter tuning.
State Machine's 5t... Init Switching Freque... 15000 Hz Field Weakening Inactive
Modulation Method  MNeutral_Peint_Moc  Control Frequency 15000 Hz  MOQUIGTION INAEX [ o]
0 15 30 45 60 75 30105120
Version 2.6.0 J-Link 591205914 » Connected to TRAVEO™ T2G CYT4BF Motor Control Kit (Advanced Motor Control - RFO)
Figure 8 GUI: Test bench view
. . . . .
2.2 Creating a project and programming/debugging using
ModusToolbox™

The KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit can be programmed and debugged using the
onboard J-Link debugger, which also supports USB-UART bridge functionality. An XMC4200 device is used to
implement the J-Link functionality. See the J-Link user guide for more details.

The following steps provide an overview of project creation, programming, and debugging using
ModusToolbox™. For more information, go to Help > ModusToolbox™ general documentation >
ModusToolbox™ user guide.

1. Connect the board to the PC using the provided USB cable through the J-Link USB connector (X10), as
shown in Figure 9. It will enumerate as a USB composite device if the board is being connected to the PC
for the first time. Ensure to install the latest J-Link drivers from the Segger website.

User guide 14 002-41810 Rev. **
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2 Kit operation

TRAVEO™ T2G B_H_DC_V1

Figure9 Connect USB cable to the USB connector on board
2. The debugger on this kit features the J-Link LITE with UART. The debug LED (green) is always ON if the
USB is connected
Note: Programming can be done either with the onboard J-Link debugger (isolated) or by attaching
an external debugger to the connector X12 (non-isolated) on the board. It is recommended to
use the onboard J-Link debugger
3. In the Eclipse IDE for ModusToolbox™, import the desired code example (application) into a new
workspace
a. Click on New Application from the Quick Panel tab
' “= Variables %7 Expressions e Breakpoints = 8
Eclipse IDE for -
ModusToolbox™
~ Start
- mport Existing Application In-Place
# Search Online for Code Exa mples
& Search Online for Libraries and BSPs
& Training Materia
% Refresh Quick Pane
Figure 10 Create new application
b. Select the BSP -KIT_TRAVEO_T2G_B_H_MC1 in the Choose Board Support Package window and
click Next
User guide 15
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C.

Source Template

it Name MCU/SOC/SIP  Connectivity
> AIROC™ Bluetooth® BSPs

AIROC™ Connectivity BSPs

> PMG BSPs

> PSOC™ 48PS

> BSOC™ 6.85Ps

> PSOC™ Control BSPs

Reference Design BSPs

 TRAVEO™ BSPs
KIT_T26.C-2D-6M_LITE
KIT_T26-8-£ LITE
KIT_T2G-B-H_EVK

CYTaDNEZS
CYT2BLSCAS
CYT4BFECHE

<none>
<none>

[krrraveo T26 5 rivict Cvrasracos <nones]

> USTESPE

Wireless Charging BSPs
XMC™ BSPs.

Figure 11

Create from MPN.

Browse for BSP.

KIT_TRAVED T2G B H MC

it Features:

The KIT_TRAVEO_T2G_8_H_MC1, a 176-pin evaluation board is based on the TRAVE T2 family of
devices. T2G-8-H MCU is designed for indusirial applications. The evaluation board carries a T2G-B-H
microcontroller and a 100 pin High Density Motor Connector In addition, the board features an on-
board programmer/debugger (Segger J-Link) with USB-UART VCOM interface, MikroBUS connector

interface, two user LEDs, two potentiometer, and two push buttons: (XRES and USR) The board supports
operating voltages from 3.3 V to 5.0V for the T2G-8-H device.

© CYT4BFBCDS 8MB Flash 176-pin TEQFP device
Programming interface (Arm ® Standard JTAG, Cortex® Debug + ETM with Arm® ETM Mictor)

*CAN FD interface

it Contents:

* Quick start guide

*KitProg3 on-board SWD programmer/debugger, USB-UART and USE-12C bridge functionality
A micro-B connector for USB device interface
lectable input supply voltages of 3.3 V and 5.0 V for the TRAVEO T2G CYT4BF device

0 user LEDs, one user buttons, and a reset button for the TRAVEO T2G CYT4BF device
o potentiometer which can be used to simulate analog sensor output

 TRAVE T2G CYT48F Drive card
©USB Type-A 1o Type-C cable

] Select Application - Project Creator 2.40

Choose Board Support Package
Select the application in the Select Application window and click Create

Figure 12

Settings  Help

Application(s) Root Path: C:/Examples

Target IDE: Eclipse IDE for ModusToolbox’

Template Application New Application Name New BSP Name

Getting Started
M "

8 [VMOTOR DEMO_ MOTOR DEMO APP_KIT_TRAVEO T
> perprer

| Browse for Application.

v

&)

BSP: KIT_TRAVEO_T26_B_H MC1
Template Application(s): MOTOR DEMO
Application(s) Root Path: C:/Examples.

Press "Create” to create the selected application(s).

This example is the out-of-the-box (00B) demo project for the Infineon’s Motor Drive card.

For more details, see the README on GitHub.

Browse.

< Back

Close

Select application

To build and program TRAVEO™ T2G CYT4BF MCU application, in the Project Explorer, select the

Program (J-Link) configuration

<App_Name> project. In the Quick Panel tab, scroll to the Launches section and click the <App_Name>

16
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[ Quick Panel = Variables % Expressions % Breakpoints
Eclipse IDE for
ModusToolbox™

- Start

& New Application

W Import Existing Application In-Place
# Search Online for Code Examples
& Search Online for Libraries and BSPs

& Training Materia

= Motor_Demo (APP_KIT_TRAVEO T2G_B_H_MC1)
% Build Project

o Clean Project
= Launches
#¥ Motor_Dema Debug (JLink)
| @ Motor_Demo Program (ILink
Generate Launches for Motor_Demo
= Tools

wld BSP Assistant 1.30

mm Device Firmware Update Host Tool 2.60
W Library Manager 2.30

i ModusToolbox Setup 1.2

ModusToolbox™ Programmer 5,3

Figure 13 Programming in ModusToolbox™

5. ModusToolbox™ includes an integrated debugger. To debug an TRAVEO™ T2G CYT4BF MCU application, in
the Project Explorer, select the <App_Name> project. In the Quick Panel, scroll to the Launches section
and click the <App_Name> Debug (J-Link) configuration. For more details, see the Program and debug

section in the Eclipse IDE for ModusToolbox™ user guide
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ks Quick Panell] - Variables % Expressions “s Breakpoints
Eclipse IDE for
ModusToolbox™
= Start
& New Application
- Import Existing Application In-Place
& Search Online for Code Examples
& Search Online for Libraries and BSPs
& Training Material

% Refresh Quick Pane

= Motor_Demo (APP_KIT_TRAVEOQ_T2G_B_H_MC1)
% Build Project

# Clean Project

= Launches

¥ Matar_Dema Debug (JLink) I

Q. Mator_Demo Program (JLink)

& Generate Launches for Motor_Demo
-~ Tools

& BSP Assistant 1.30

(73l . " 3
w Device Firmware Update Host Tool 2.60
W i o =1

i Library Manager 2.30

i ModusToolbox Setup 1.2

ModusToolbox™ Programmer 5.3

Figure 14 Debugging in ModusToolbox™

User guide

18

002-41810 Rev. **
2025-08-13



o _.
KIT_TRAVEO_T2G_B_H_MC1 Motor Control Evaluation Kit guide |n f| neon

3 Hardware
3 Hardware
3.1 Hardware and functional description

This section provides a detailed explanation of the individual hardware blocks used in this kit.

3.2 KIT_TRAVEO_T2G_B_H_DC_V1 motor control card

The control card is designed for the TRAVEO™ T2G CYT4BF microcontroller in a TEQFP-176 package. It features
an onboard isolated J-Link debugger with the XMC4200 microcontroller. All the 1/0s from the TRAVEO™ T2G
CYT4BF MCU are routed out to the 100-pin high-density (HD) connector, and the resources are mapped to
support up to four motor controls. The HD connector can be inserted into a mating connector on the included
adapter board, which in turn facilitates connectivity to the various MADK motor control power boards.

™
3.3 TRAVEO™ T2G CYT4BF MCU
CPU Subsystem
CYT4BF
M:SS?LD:: T 1 ALl e SWJIMTBICTI
Arm Cortex M7 eCTFLASH || SRAMO | | SRAM1 | | SRAM2 | |2 ols 3|« 2| | CRYPTO Am T
8384 KB Code-flash 512 KB 256 KB 256 KB Olo 0|2 ¢ AES,SHA,CRC,
SO +256 KB Work-lash g 5|2 )% TRNGRSAECE C‘:’[}g:ﬂ:‘m* EULE
FPU O3 Bl == s 2|2 &2 Z
S SRAM SRAM SRAM ol =
System Resources e PTakE |18 KE I rirtiB® | | ontrller | | Gontroller | | Controllr = | [ tatmo | [woL nvic, we | | Row Contoter
P
oot JC JE Jr fr 30 3r 30 3f JLICIr 3¢ it it 3¢
eI [ System Interconnect (Multi Layer AXI/AHB, IPC, MPU/SMPU) |
REF
PaRSYSHT 1L IC IC 3[
LDO (::ﬂ [Peik 1 Peripheral Interconnect (MMIO,PPU) | o
¢
S
oot | 1L Il of
FxILO | WDT, Prog. 2 §§
MO ECO 3
h:l = Agil:g Be - 5 (18 [leallzz]|® g '!535 g
i = a ol o8 =
Aoc R x| (52| 62| 28] 22| 22| & |55|(EEa||28
Esset S| | n2bin oc| |9 22122 [E2%] |3 = 3 2 (20 |2z Z| |8
2 25|28 sE| el lzal (28 30| 123 | g [EF] (225 |25
a 5082 3z (28] (|2Q| 2 Z| (23] |z of | m [ 7[[|eE T |E
Tost o) 39 32 t |IE®||ES |22 |22 : |88 ||°
o £0 22 z = =< |8 z | |o®
o = @ 3e
"’%
w
SARMUX =
96 ch
v sl wnlier =
A, y y A y ¢ ¢ l
Power Modes High-Speed /O Matrix, Smart VO_Boundary Scan ]
#cﬁvelslgep ) v 5x Smart10
— [ Up to 191x GPIO_STD. 4x GPIO ENH. 45x HSIO_STD. ]
[ DeepSess |
Hibemate /O Sub
. ™ .
Figure 15 TRAVEO™ T2G CYT4BF MCU block diagram

The KIT_TRAVEO_T2G_B_H_DC_V1 motor control kit is built around TRAVEQO™ T2G CYT4BF. It incorporates
Infineon’s low-power flash memory, multiple high-performance analog and digital peripherals, and enables the
creation of a secure computing platform.

Features
+  CPU subsystem
- Two 350-MHz 32-bit Arm’ Cortex -M7 CPUs, each with
- Single-cycle multiply
- Single/double-precision floating point unit (FPU)
- 16-KB data cache, 16-KB instruction cache
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- Memory protection unit (MPU)
- 16-KBinstruction and 16-KB data tightly-coupled memories (TCM)

- 100-MHz 32-bit Arm” Cortex” MO+ CPU with
- Single-cycle multiply
- Memory protection unit (MPU)

- Inter-processor communication in hardware

- Three DMA controllers
- Peripheral DMA controller #0 (P-DMAO) with 143 channels
- Peripheral DMA controller #1 (P-DMA1) with 65 channels
- Memory DMA controller (M-DMAO) with 8 channels

+ Integrated memories

- 8384 KB of code-flash with an additional 256 KB of work-flash
- Read-While-Write (RWW) allows updating the code-flash/work-flash while executing from it
- Single- and dual-bank modes (specifically for Firmware update Over The Air [FOTA])

- Flash programming through SWD/JTAG interface - 1024-KB of SRAM with selectable retention
granularity

+  Cryptography engine
- Supports Enhanced Secure Hardware Extension (eSHE) and Hardware Security Module (HSM)
- Secure boot and authentication
- Usingdigital signature verification
- Using fast secure boot
- AES: 128-bit blocks, 128-/192-/256-bit keys
- 3DES: 64-bit blocks, 64-bit key

- Vector unit supporting asymmetric key cryptography such as Rivest-Shamir-Adleman (RSA) and Elliptic
Curve (ECC)

- SHA-1/2/3: SHA-512, SHA-256, SHA-160 with variable length input data
- CRC:supports CCITT CRC16 and IEEE-802.3 CRC32
- True random number generator (TRNG) and pseudo random number generator (PRNG)
- Galois/Counter Mode (GCM)
«  Functional safety for ASIL-B
- Memory protection unit (MPU)
- Shared memory protection unit (SMPU)
- Peripheral protection unit (PPU)
- Watchdog timer (WDT)
- Multi-counter watchdog timer (MCWDT)
- Low-voltage detector (LVD)
- Brown-out detection (BOD)
- Over-voltage detection (OVD)
- Clock supervisor (CSV)
- Hardware error correction (SECDED ECC) on all safety-critical memories (SRAM, flash, TCM)
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+ Low-Power 2.7-V to 5.5-V operation

- Low-power Active, Sleep, Low-power Sleep, DeepSleep, and Hibernate modes for fine-grained power
management

- Configurable options for robust BOD
- Two threshold levels (2.7 V and 3.0 V) for BOD on Vppp and VDDA
- Onethreshold level (1.1 V) for BOD on VCCD
«  Wakeup
- Upto two pins to wake from Hibernate mode
- Upto 240 GPIO pins to wake from Sleep modes
- Event Generator, SCB, watchdog timer, RTC alarms to wake from DeepSleep modes
+ Clocks
- Internal main oscillator (IMO)
- Internal low-speed oscillator (ILO)
- External crystal oscillator (ECO)
- Watch crystal oscillator (WCO)
- Phase-locked loop (PLL)
- Frequency-locked loop (FLL)
«  Communication interfaces
- Upto 10 CAN FD channels

- Increased data rate (up to 8 Mbps) compared to classic CAN, limited by physical layer topology and
transceivers

- Compliant to ISO 11898-1:2015
- Supports all the requirements of Bosch CAN FD Specification V1.0 for non-ISO CAN FD
- 1S0 16845:2015 certificate available

- Upto 11 runtime-reconfigurable SCB (serial communication block) channels, each configurable as IC,
SPI, or UART

- Upto20independent LIN channels
- LIN protocol compliant with ISO 17987
- Uptotwo 10/100/1000 Mbps Ethernet MAC interfaces conforming to IEEE-802.3az
- Supports the following PHY interfaces:
- Media-independent interface (Mll)
- Reduced media-independent interface (RMII)
- Gigabit media-independent interface (GMII)
- Reduced gigabit media-independent interface (RGMII)
- Compliant with IEEE-802.1BA Audio Video Bridging (AVB)
- Compliant with IEEE-1588 Precision Time Protocol (PTP)

- FlexRay interface (V2.1) configurable for single or dual data-channels for fault tolerance, supporting
data rates up to 10 Mbps

«  External memory interface
- One SPI (single, dual, quad, or octal) or HYPERBUSTM interface
- On-the-fly encryption and decryption
- Execute-In-Place (XIP) from external memory
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SDHC interface

- One Secure Digital High Capacity (SDHC) interface supporting embedded MultiMediaCard (eMMC),
Secure Digital (SD), or SDIO (Secure Digital Input Output)

- Compliantto eMMC 5.1, SD 6.0, and SDIO 4.10 specifications
- Datarates up to SD High Speed 50 MHz, or eMMC 52 MHz DDR
« Audio interface

- Three Inter-IC Sound (12S) Interfaces for connecting digital audio devices
- I?S, left justified, or time division multiplexed (TDM) audio formats
- Independent transmit or receive operation, each in master or slave mode
« Timers
- Upto 102 16-bit and 16 32-bit timer/counter pulse-width modulator (TCPWM) blocks
- Upto 15 16-bit counters for motor control
- Upto 87 16-bit counters and 16 32-bit counters for regular operations

- Supports timer, capture, quadrature decoding, pulse-width modulation (PWM), PWM with dead
time (PWM_DT), pseudo-random PWM (PWM_PR), and shift-register (SR) modes

- Upto 16 Event Generation (EVTGEN) timers supporting cyclic wakeup from DeepSleep

- Events trigger a specific device operation (such as execution of an interrupt handler, a SAR ADC
conversion, and so on)

« Realtime clock (RTC)
- Year/Month/Date, Day-of-week, Hour:Minute:Second fields
- 12- and 24-hour formats
- Automatic leap-year correction

- Upto 240 programmable I/0s
- Threel/O types
- GPIO Standard (GPIO_STD)
- GPIO Enhanced (GPIO_ENH)
- High-Speed 1/0 Standard (HSIO_STD)
+  Regulators
- Generates a 1.1-V nominal core supply from a 2.7-V to 5.5-V input supply
- Threeregulators:
- DeepSleep
- Coreinternal
- Coreexternal
+  Programmable analog
- Three SAR A/D converters with up to 99 external channels (96 I/Os + 3 1/Os for motor control)

- Each ADC supports 32 logical channels, with 32 + 1 physical connections. Any external channel can
be connected to any logical channel in the respective SAR.

- Each ADC supports 12-bit resolution and sampling rates of up to 1 Msps
- Each ADC also supports six internal analog inputs like

- Bandgap reference to establish absolute voltage levels

- Calibrated diode for junction temperature calculations

- Two AMUXBUS inputs and two direct connections to monitor supply levels
- Each ADC supports addressing of external multiplexers

User guide 22 002-41810 Rev. **
2025-08-13



o _.
KIT_TRAVEO_T2G_B_H_MC1 Motor Control Evaluation Kit guide |n f| neon

3 Hardware

- Each ADC has a sequencer supporting autonomous scanning of configured channels
- Synchronized sampling of all ADCs for motor-sense applications
« Smartl/O
- Upto five Smart 1/0 blocks, which can perform Boolean operations on signals going to and from 1/0s
- Upto361/0s(GPIO_STD) supported
+ Debuginterface
- JTAG controller and interface compliant to IEEE-1149.1-2001
- Arm’ SWD (serial wire debug) port
- Supports Arm’ Embedded Trace Macrocell (ETM) Trace
- Datatrace using SWD
- Instruction and data trace using JTAG
«  Compatible with industry-standard tools
- GHS MULTI or IAR EWARM for code development and debugging
+  Packages
- 176-TEQFP, 24 x 24 x 1.7 mm (max), 0.5-mm lead pitch
- 272-BGA, 16 x 16 x 1.7 mm (max), 0.8-mm ball pitch
- 320-BGA, 17 x 17 x 1.7 mm (max), 0.8-mm ball pitch
+  Certification
- Qualified for automotive application according to AEC-Q100
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Figure 16 TRAVEO™ T2G CYT4BF MCU pin connections

3.4 TRAVEO™ T2G CYT4BF MCU power supply system

The TRAVEO™ T2G CYT4BF MCU operates using a single regulated VDDD supply within the range of 2.7V to 5.5 V.
It contains three regulators that provide power to the low-voltage core transistors: Deep Sleep, core internal,
and core external. These regulators accept a 2.7V to 5.5 VVDDD supply and provide a low-noise 1.1V supply to
various parts of the device. They are automatically enabled and disabled by hardware and firmware when
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switching between power modes. The core internal and core external regulators operate in Active mode and
provide power to the CPU subsystem and associated peripherals.

The core internal regulator supports load currents up to 300 mA and is operational during device start-up (boot
process) and in Active/Sleep modes.

To support worst-case loading, with both M7 CPUs and the M0+ CPU at their maximum clock frequency and all
integrated peripherals operating, a core external regulator is required, capable of loading currents up to 600
mA. The KIT_TRAVEO_T2G_B_H_DC_V1 motor control card implements an NPN pass transistor (Q1) for the core
external regulator, reducing the overall power dissipation within the TRAVEO™ T2G CYT4BF package while
maintaining a well-regulated core supply.

Figure 17 TRAVEO™ T2G CYT4BF MCU power supply scheme

The TRAVEO™ T2G CYT4BF MCU can be operated at 3.3V or 5.0 V using the voltage selection from the X21
jumper header. The rest of the board is also supported with both 3.3V and 5V supplies. VMCU is the supply
voltage that goes to the MCU and other parts of the board. If the X21 jumper is in the 1-2 position, VMCU is 5.0 V;
if itis in the 2-3 position, VMCU is 3.3 V. VDD3.3 is generated using the U2 low-dropout regulator.

The VDD5 rail, which powers the U2 regulator as well as the rest of the circuits runningon 3.3V or 5V, can be
sourced from any of the following options:

1. Isolated USB supply: The USB 5V supply is used to power a5V to 7V DC-DC isolated converter, which in
turn generates a 5V supply (VDCDC5) using U14. This supply can be used to power the board when the
X20 jumper is set to the 1-2 position
2. 5V or 24V supply from the power board: When the X20 jumper is set to the 2-3 position, the board can
be powered by any of the following sources:
a. High-density HD connector (X15): Either a 24 V supply on pin B41, converted to 5V using U16, or
a5V supply on pins B5/B10 of the 100-pin high-density connector
b. MADKS5 power board header (X19): A5V supply on pin 2 of the X19 header can be used to power
the board

Multiple 5V sources, which come from the power stage (either direct 5V or 24 V regulated to 5 V), are ORed
using low-drop rectifiers based on the Q3, Q4, and Q6 MOSFETSs.
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3.5

TRAVEO™ T2G CYT4BF MCU I/0O connectors
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T
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Figure 18

MADK M5 header, expansion header, and mikroBUS header

MADK M5 header (X19): The MADK M5 header offers the same pinout available in the MADK M5 connector on
the drive adapter card, using a 16x2 male header with a standard 2.54 mm pitch. This header can be used for
hardware debugging or probing the signals.

Table 2 MADK M5 header pin out details
Pin no. Signal name TRAVEO™ T2G CYT4BF Description
pin

1 GND GND Ground

2 VPWR5V NA Power input

3 P10_O0_PFC_KILL_Extral |P10.0 PFC KILL extra digital
signal

4 P9_2_BrakeGatel P9.2 Output brake gate signal

5 P9_1_PFC_V_PHASE_IN_A|P9.1 Analog-PFC input for
phase voltage or current

6 P9_3_BrakeTempl P3.1 Temperature feedback for
motor 1 power stage

7 P20_0_Extra_ADC1/ P20.0 Analog-PFC input for

DC_Link phase voltage or current
(table continues...)
User guide 25 002-41810 Rev. **

2025-08-13




o _.
KIT_TRAVEO_T2G_B_H_MC1 Motor Control Evaluation Kit guide |n f| neon

3 Hardware

Table 2 (continued) MADK M5 header pin out details

Pin no. Signal name TRAVEO™ T2G CYT4BF Description

pin

8 P8_4 VDCLink P8.4 Power stage VDC link
sensing signal

9 P11_0_VBEMF_U/IU(1) P11.0 Motor 1 BEMF U or Current
U sense

10 P8_1_VBEMF_U/IU(2) P8.1 Motor 2 BEMF U or Current
U sense

11 P11_1_VBEMF_V/IV(1) P11.1 Motor 1 BEMF V or Current
V sense

12 P10_6_VBEMF_V/IV(2) P10.6 Motor 2 BEMF V or Current
V sense

13 P11_2_VBEMF_W/IW(1) P11.2 Motor 1 BEMF W or
Current W sense

14 P17_4_VBEMF_W/IW(2) P17.4 Motor 2 BEMF W or
Current W sense

15 P8_3_IAVG/IDCLink P8_3 Motor 1 DC link shunt
current

16 P10_5_IAVG/IDCLink P10_5 Motor 2 DC link shunt
current

17 P7_1 U2 L pP7.1 Motor 2 PWM UL

18 P6_1_Ul_L P6.1 Motor 1 PWM UL

19 P7_0_U2_H P7.0 Motor 2 PWM UH

20 P6_0_U1_H P6.0 Motor 1 PWM UH

21 P7_3_V2_L pP7.3 Motor 2 PWM VL

22 P6_3 V1_L P6.3 Motor 1 PWM VL

23 P7_2 V2_H pP7.2 Motor 2 PWM VH

24 P6_2 V1_H P6.2 Motor 1 PWM VH

25 P7_5_W2_L P7.5 Motor 2 PWM WL

26 P6_5 W1_L P6.5 Motor 1 PWM WL

27 P7_4 W2_H pP7.4 Motor 2 PWM WH

28 P6_4 W1_H P6.4 Motor 1 PWM WH

29 P1_3_CTRAP2 P1.3 Motor 2 kill feedback

30 P1_2_CTRAP1 P1.2 Motor 1 kill feedback

31 P8_0_ENPOW2 P8.0 Motor 2 power stage
enable

32 P4_4 ENPOW1 P4.4 Motor 1 power stage
enable
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3 Hardware

mikroBUS header (X18): The mikroBUS header provides a standardized interface for connecting compatible
Click boards, which can expand the kit's functionality with sensors, actuators, communication modules, and
more. Note that some interfaces may require rework, as the same pins are used for multiple functionalities.

Table 3 mikroBUS header pinout details
Pin Signal name Connected to TRAVEO™ T2G Rework required
signal CYT4BF MCU pin

1 AN ADC(2)_29 P20.0 Y

2 RST SCB_RTS P20.5

3 CS SCB5_SELO P4.3

4 SCK SCB5_CLK P4.2

5 MISO SCB5_MISO P4.0

6 MOSI SCB5_MOSI P4.1

7 +3.3V VDD3.3 VDDD

8 GND GND EPAD

9 GND GND EPAD

10 +5V VDD5 -

11 SDA P10_1_Extra2 P10.1

12 SCL P10_2_Extra3 P10.2

13 X SCBO_TX PO_1

14 RX SCBO_RX PO_0

15 INT SCB/TRIG/ P0.0

PWM_P2_5

16 PWM P2_3_PWM P0.1

Note: mikroBus header pin 1 AN input is also connected to POT1. Remove R55 to use this pin for external
analog input. RST pin(2) is not connected to MCU XRES_L so mikroBus based click boards cannot Reset
TRAVEO™ T2G CYT4BF MCU.
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3 Hardware
3.6 100-pin HD connector interface
VMCU VMCU VMCU VI\ZI&CU VMCU
140 [R141 R142] R143 144
10k P2k HD CONNECTOR 22k 10k 10k
X15
P2 2 SCB7 SCL Al 51 B! P2 1 SCB7 SDA
A e Ao
A3 B3
P3 4 SCB6 SELI A4 B | B2 P3 5 SCB6 SEL2
AS B>
AGI\%‘{ﬁ A6 :g gg B6 P11 0 VBEMF UIU() D>PWR_IN_5V
AT | a7 87 B P11l I VBEMF V/IV(D)
A8 | o Bs | B8 P11 2 VBEMF W/IW(1)
A9 | o Bo B9 P10 _5 IAVG/IDCLink
GND} P61 ULL 1211? :i(l) 113311(1) gi? P6 0 ULH D> PWR_IN_5V
IERuES e B
P12 CTRAP 1 A4 | A3 B3 = P4 4 ENPOWI
P9 2 BrakeGatel Al5 j:ig ]1211‘; B15 P9 3 BrakeTempl
AGND-||| Al6 | v12 pie [LBI6 P8 4 VDCLink
[ AT | W17 pi LBZ P8_1 VBEMF UAUQR)
A8 | ‘\1e pig B P10 6 VBEMF V/IV(2)
A9 | Yo plo B P17 4 VBEMF W/IWQ)
A20 | 50 oo B2 P8 3 IAVG/IDCLink
A2l B21
GNDJ A2l B2l >PWR_OUT_SYS
P71 U2 L A22 B22 P70 U2 O R
A2 B2
SRR A ] An B3 T
P13 CTRAP 2 A5 ﬁ‘s‘ gg‘s‘ B2 P8 0 ENPOW2
P10 0 PFC KIL Exmal A2 | 52  p52 [[B26 P10 I Exta?
P10 2 Extral A2 | 450 By | B2 P10 3 Extrad
AGND-||| A28 | \O¢  pog | B28 P8 2 VBEMF U/u(3)PFC I PHASE IN A
[ A29 | 50 poo [ B29 P10 7 VBEMF V/IV(3)PFC I PHASE IN B
A30 | 450 p3o | B30 _PI7 5 VBEMF W/Iw(3)/PFC T PHASE IN C
A3L] %3] B3y [B3L_PI7 6 JAVG IDCLink(3)
P20 0 Extra ADCI/DC Link _A32 | %3 po) [[B32 P20 I Extra ADC2/DC Link3
P2 4 CIRAP 3 AB | W5 gy B33 P18 2 ENPOW3
P13 1 U3 L/PFC PWM A 2 A34 | 1 p3q [B34 P13 0 U3 H/PFC PWM A 1
P13 3 V3 L/PFC PWM B 2 A35 | 3¢ 35 [ B33 P13 2 V3 H/PFC PWM B 1
P13 5 W3 L/PFC PWM C 2 A36 | 3¢ pag | B36 P13 4 W3 H/PFC PWM C I
P23 3 CIRAPA A37 | W30 p3, [ B3/ PI8 3 ENPOWA4
P5 1 U4 L A | ‘e pag [ B3 P5 0 U4 I
PI4 1 VAL A9 | 50 pag B39 PI4 0 V4 1
PI8 5 W4 L A40 B40 PI8 4 W4 0
| 2] A40 BAO o
OND %55 VBEMF U/ud) AR ‘:jg 1133221 B2 P10 4 VBEMF V/v(d) >PWR_IN 24V
P17 3 VBEMF W/w(4) AB | W5 pay B3 P17 7 IDCLink(4)
P16 3 ADC Boardldent/Extra ADC4 Ad4 A44 B4a B44 P20 2 Extra ADC3
AGND-|| A%S | s pas [BES PO 1 PFC V PHASE IN A
[ PI2 0 PFC V PHASE IN B Ad6 | 42 pue [ B46 P17 0 PFC V PHASE IN C
P12 5 PFC Overcurrent Prot A47 A4T B47 B47 P19 0 PFC V DC OUT 1
P10 | PFC V DC OUT 2 A48 | “4e  pag | B8 P12 6 PFC NIC
PI8 0 PFC Relayl A | 49 pag | B2 P18 | PFC Relay?
PI8 6 PWM SYNCHRO RECT HIGH AS0 | ‘)  ps, [ B0 PI8 7 PWM SYNCHRO RECT LOW
GND} MHL | Vi mi MH2 {GND
FX2-1008-1.27DSL_71_
Figure 19 100-pin HD connector

The 100-pin high-density connector interfaces with the drive adapter card, facilitating connectivity for MADK
motor power stages. It supports single, dual, and triple motors, as well as an optional power factor correction
(PFC) control or a fourth motor.

Table 4 X15 HD connector peripheral details

X15 HD pin TRAVEO™ T2G Peripherals X15 HD pin TRAVEO™ T2G Peripherals
CYT4BF pin CYT4BF pin

Al P2.2 SCB7 SCL Bl P2.1 SCB7 SDA

A2 P3.2 SCB6 CLK B2 P3.1 SCB6 MOSI

(table continues...)
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Table 4 (continued) X15 HD connector peripheral details

X15 HD pin TRAVEO™ T2G Peripherals X15 HD pin TRAVEO™ T2G Peripherals

CYT4BF pin CYT4BF pin

A3 P3.0 SCB6 MISO B3 P3.3 SCB6 SELO

A4 P3.4 SCB6 SEL1 B4 P3.5 SCB6 SEL2

A5 GND Ground B5 PWR_IN_5V 5V Input from
power board

A6 AGND Analog ground |B6 P11.0 VBEMFU/IU(1)

A7 AGND Analog ground | B7 P11.1 VBEMFV/IV(1)

A8 AGND Analog ground | B8 P11.2 VBEMFW/IW(1)

A9 AGND Analog ground |B9 P10.5 IAVG/IDCLink(1)

A10 GND Ground B10 PWR_IN_5V 5V Input from
power board

All P6.1 UlL Bl1 P6.0 UlH

Al2 P6.3 V1L B12 P6.2 V1H

Al3 P6.5 Wi1L B13 P6.4 W1H

Al4 P1.2 CTRAP_1 B14 P4.4 ENPOW1

Al5 P9.2 BrakeGatel B15 P9.3 BrakeTempl

Al6 AGND Analog ground |B16 P8_4 VDCLink

Al7 AGND Analog ground |B17 P8.1 VBEMFU/IU(2)

A18 AGND Analog ground |B18 P10.6 VBEMFV/IV(2)

A19 AGND Analog ground | B19 P17.4 VBEMFW/IW(2)

A20 AGND Analog ground | B20 P8.3 IAVG/IDCLink(2)

A21 GND Ground B21 PWR_OUT_SYS |3.3Voutput
from control
board

A22 P7.1 u2L B22 P7.0 U2H

A23 P7.3 V2L B23 P7.2 V2H

A24 P7.5 W2L B24 P7.4 W2H

A25 P1.3 CTRAP2 B25 P8.0 ENPOW?2

A26 P10.0 PFC KIL Extral B26 P10.1 Extra2 digital
GPIO

A27 P10.2 Extra3 Digital B27 P10.3 Extra4 digital

GPIO GPIO

A28 AGND Analog ground | B28 P8.2 VBEMFU/
IU3)/PFCI
PHASE IN A

(table continues...)
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Table 4 (continued) X15 HD connector peripheral details
X15 HD pin TRAVEO™ T2G Peripherals X15 HD pin TRAVEO™ T2G Peripherals
CYT4BF pin CYT4BF pin
A29 AGND Analog ground | B29 P10.7 VBEMFV/
IV(3)/PFC |
PHASE IN B
A30 AGND Analog ground | B30 P17.5 VBEMFW/
IW(3)/PFC |
PHASE IN C
A3l AGND Analog ground B31 P17.6 IAVG/IDCLink(3)
A32 P20.0 Extra ADC1/DC B32 P20.1 Extra ADC2/DC
LINK LINK3
A33 P2.4 CTRAP3 B33 P18.2 ENPOW3
A34 P13.1 u3L/ B34 P13.0 U3H/
PFC_PWM_A_2 PFC_PWM_A_1
A35 P13.3 V3L/ B35 P13.2 V3H/
PFC_PWM_B_2 PFC_PWM_B_1
A36 P13.5 W3L/ B36 P13.4 W3H/
PFC_PWM_C_2 PFC_PWM_C_1
A37 P23.3 CTRAP4 B37 P18.3 ENPOW4
A38 P5.1 u4L B38 P5.0 U4H
A39 P14.1 V4L B39 P14.0 V4H
A40 P18.5 WA4L B40 P18.4 W4H
A4l GND Ground B41 PWR_IN_24V 24V supply input
from power
board
A42 P9.0 VBEMFU/IU(4) B42 P10.4 VBEMFV/IV(4)
A43 P17.3 VBEMFW/IW(4) |B43 P17.7 IDCLINK(4)
A44 P16.3 ADC Boardldent/ | B44 P20.2 EXTRA ADC3
EXTRA ADC4
A45 AGND Analog ground | B45 P9.1 PFCV PHASE IN
A
A46 P12.0 PFCV PHASEIN |B46 P17.0 PFCV PHASE IN
B C
A4T P12.5 PFC_Overcurrent | B47 P19.0 PFCVDCOUT1
_Prot
A48 P19.1 PFCVDCOUT2 |B48 12.6 PFC NTC
A49 P18.0 PFC_Relayl B49 P18.1 PRC_Relay2
A50 P18.6 PWM SYNCHRO |B50 P18.7 PWM SYNCHRO
RECT HIGH RECT LOW
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3. ADC input buffers
Motor3
Motor 1
PS 4 VDCLink RIS ADC(0) 27 P20 1 Extra ADC2DC Link R0 ADC(2) 30
= =
P10 VBEMF unuy  R4L ADC(0) M. P 2 VBEMF UMu(3)PFC I PHASEIN A R42, ADC(0) 25
= =
PII 1 VBEMF vivy R4 ADC(D) M P10 7 VBEMF V/IVGYPEC I PHASEIN B R4 ADC(1) 3
= =
P11 2 VBEMF WAW(I) ADCO) M P17 5 VBEMF W/w(3)PFC I PHASE IN C___R46 ADC(2) 13
=

@
FaTsasTIoR T
>
et
@
Barses TR T

Motor2
Motord
P20 Res DCR) P17 7 IDCLink(4) e L
3 03
e} BT C(0) r ps C(0)
™ ™
V) f g R6O
03
P17 4 VBEMF WIWQ) PI7 3 VBEMF Wi R62 ADC
™

Figure 20 ADC signal input buffers and scaling circuit

The analog signals from power stages, such as phase currents, back electromotive force (BEMF) voltages, DC
link current, and bus voltage, are protected by a circuit that includes a Schottky diode. This protection circuit is
designed to prevent damage to the MCU analog pins. The analog pins of the MCU can sense ADC signals from
the power board within the range of 0 to 5 V.
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3.8 Reset and user buttons
RESET
VI\QIFCU
S\Kl X R126
1 } 4 XMC XRES L
] 23 1 -
FSM2JSMA X
1 l USER BUTTON
GND GND
VMCU
SW2 o
100k
LT 4 RS P23 2
G
FSM2JSMA €137
15nF
GND I
GND
Figure 21 Reset and user buttons

The board is equipped with a reset button (SW1) connected to the TRAVEO™ T2G CYT4BF MCU XRES_L pin.
Additionally, it includes a user button (SW2) that can be utilized to alter the motor's direction of rotation or for
other user-defined operations.

Table 5 Reset and user button connection details
Designator Name Connected to signal TRAVEO™ T2G CYT4BF
pin
SW1 RESET XRES_L XRES_L
SW2 USER BUTTON User_switch P23.2
3.9 Potentiometers and user LEDS
LED I@14.2 LED2@P21.7 POWER LED POTI1 POT2
VMCU VMCU VMCU
TC 50 TRO/TC 49 TRI _ PWM P21 7 A A
- D1 " D2 - D3
Yellow Red Green
AVAN AVAY X )
- - - [}_l R7
10K
[]2109 [}mo 111 e« RO Apc) 28
80R 80R 80R TOOR 136
15nF 15nF
GND GND GND 1 I 1 I
GND GND GND GND

Figure 22 Potentiometers and user LEDs
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The board features two potentiometers connected to the ADC inputs, allowing for precise control of the motor's
speed. Furthermore, two user LEDs (D1 and D2) can be controlled using the MCU GPIOs. When a current of 3.3V
or 5.0 Vis supplied through the VMCU power line, the green power LED (D3) switches on.

Table 6 Potentiometer and user LED connection details
Designator Name Connected to signal TRAVEO™ T2G CYT4BF
pin
POT1 Potentiometer 1 ADC(1)_11 P12.7
POT2 Potentiometer 2 ADC(2)_28 P19.4
D1 User LED1 TC_50_TRO/TC_49_TR1(X17) |P14.2
D2 User LED2 PWM_P21_7(X16) P21.7
3.10 Digital isolators and CAN interface
USB XMC7200 VR
GND| 100nF 8 Mvee GND ——{onD
o | o o M i I
GNDISO Hf‘ ' . 1 KI) N " L ; XMC SWDIO S + el COM = SELRE SR
GNDISO GNE '
|
sos vn.u;w ' . VMCU
2 ) L)
== TS A | R PP
g 3 1 CANO N=C= 6| anp H RXD |2 CANO RX
8209364 2 o 31 GNp2 H GNp1 4
é P - 1SO1050DUB i
"E GNDISO ' GND
|
_________________ |
Figure 23 Digital isolators and CAN interface

Isolation for the SWD and UART lines is achieved using a digital isolator (U10). The CAN signal uses a dedicated
isolator (U13), and the USB power supply is isolated from the target side using an isolated DC-DC converter

(U20). An isolated CAN interface is available on the X14 header. Additionally, by mounting the X28 jumper, a 120
Q termination resistor can be enabled on the CAN_P and CAN_N lines.
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Table 7 CAN header (X14) pinout details

Pin Signal name TRAVEO™ T2G CYT4BF Description

Pin

1 VISO5 - +5V supply

2 CANO_P CANO_TX (P23.0) CANO_TX signal from the
MCU

3 CANO_N CANO_RX (P23.1) CANO_RX signal to the
MCU

4 GND GND Power
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3.11 TRAVEO™ T2G CYT4BF MCU clock architecture
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Figure 24 TRAVEO™ T2G CYT4BF MCU clock architecture

Figure 24 shows the MCU clocking scheme. A 16 MHz external clock oscillator (ECO) serves as the source for
PLL400MO and PLL400M1. PLL400MO is configured to 200 MHz and supplies the clock to CLK_HF0 and CLK_HF2
via CLK_PATHL1. Peripheral Group 0 is configured to 100 MHz using CLK_HFO0, while Peripheral Group 1 is
configured to 100 MHz via CLK_HF2. The TCPWM and ADC utilize the Peripheral clock from Group 1, running at
100 MHz. PLL400M1 is configured to 350 MHz and supplies the clock to CLK_HF1 via CLK_PATH2. The CPU core
CM7_0 operates at 350 MHz using CLK_FASTO.
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3.12 TRAVEO™ T2G CYT4BF MCU external programming/debugging
- L anpb— vee Lo e I [
Jiok TB_SWDIO_TMS 7| NCl o comti
S 2
GND 2
T T SweLe TaK TpcsSslce
= 3
= e e
- - e == o Byl anob—| vee e e )
19 20 DATA 3 N 100nF
[ L
55 (] ok 7B R’ Z{iom Ny
3 IN2
GNDb— 8 | vec GND —GNp
1 2 E DIO_TMS NI
scao wiso RS ot
1B RX 1 IND - N2
. - Na2 oM2 6
GNE
Figure 25 External debugger connections

The board features a 10-pin Cortex” header (X12) and a 20-pin ETM Trace header (X1). Additionally, it features a
proprietary 12-pin header with SWD, UART, and SPI interfaces (X11). All headers have a 1.27 mm pitch.

The selection between the onboard debugger or the Cortex” 10-pin header (X12) and the proprietary 12-pin
header (X11) is managed using SW3 DIP switches.

SW3 DIP switches should be in the default position where all switches are towards 1,2,3 for using an external
debugger on X1 or X12 headers. The Low ISO DISABLE signal coming from the external debugger on pin 9 of the
X12 or X1 headers will automatically disconnect the onboard debugger.

Note: The external debugger or serial interface is not isolated.
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3.13 XMC4200 as an onboard programmer/debugger
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Figure 26 XMC4200-based J-Link lite programmer/debugger

The onboard J-Link LITE programmer or debugger based on XMC4200 (U7) provides the SWD interface as well
as a UART interface over USB for the target MCU. The XMC4200 MCU is powered using a 5V USB supply
converted to 3.3 V using the (U8) voltage regulator. The Debug LED (D5) switches on when the USB interface is
connected to the PC. Additionally, the Aux LED (D4) blinks during active communication between the debugger
and the target MCU. Test points TP1, TP2, TP3, and TP4 can be used to measure the different power rail
voltages. X13 is a factory programming header for the XMC4200 MCU that hosts the J-link firmware to enable

the J-link interface with the TRAVEO™ T2G CYT4BF MCU.
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The Hall sensor (X3, X7, X5, and X9) and encoder interface (X2, X4, X6, and X8) allow users to connect motors
with Hall sensors or incremental encoders for sensor-based motor control applications. The board supports
both differential as well as single-ended ABZ encoders. When using single-ended encoders, the input signal is
connected to ENCx_A_P, ENCx_B_P, and ENCx_Z_P pins of X2, X4, X6, and X8 connectors, while the
corresponding N lines are connected to GND.

Note: For Motor 3 and Motor 4 headers, the Encoder and Hall sensors are not mounted as default on the
board.

Table 8 Hall 1 (X3) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - +5V supply VDD5

2 P5.2 Hall 1 input for motor 1

3 P5.4 Hall 2 input for motor 1

4 P5.3 Hall 3 input for motor 1

5 GND Ground
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Table 9 Hall 2 (X7) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - +5V supply VDD5

2 GND Ground

3 P12.2 Hall 1 input for motor 2
4 P12.3 Hall 2 input for motor 2
5 P12.4 Hall 3 input for motor 2
6 - -

Table 10 Hall 3 (X5 - not mounted) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - +5V supply VDD5

2 GND Ground

3 P14.3 Hall 1 input for motor 3
4 P14.4 Hall 2 input for motor 3
5 P14.5 Hall 3 input for motor 3
6 - -

Table 11 Hall 4 (X9 - not mounted) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - +5V supply VDD5

2 GND Ground

3 P22.5 Hall 1 input for motor 4
4 P22.6 Hall 2 input for motor 4
5 P22.7 Hall 3 input for motor 4
6 - -

Table 12 Encoder 1 (X2) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - -

2 - +5V supply VDD5

3 GND Ground

4 - -

5 - ENC1_A_N for motor 1
6 P6.6 ENC1_A_P for motor1
7 - ENC1_B_N for motor 1
8 P6.7 ENC1_B_P for motor 1

(table continues...)
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Table 12 (continued) Encoder 1 (X2) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

9 - ENC1_Z N for motor1
10 P5.5 ENC1_Z_P for motor1
Table 13 Encoder 2 (X4) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - +5V supply VDD5

2 GND Ground

3 P7.6 ENC2_A_P for motor 2
4 - ENC2_A_N for motor 2
5 P7.7 ENC2_B_P for motor 2
6 - ENC2_B_N for motor 2
7 P12.1 ENC2_Z_P for motor 2
8 - ENC2_Z_N for motor 2
Table 14 Encoder 3 (X6 - not mounted) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - +5V supply VDD5

2 GND Ground

3 P13.6 ENC3_A_P for motor 3
4 - ENC3_A_N for motor 3
5 P13.7 ENC3_B_P for motor 3
6 - ENC3_B_N for motor 3
7 P14.6 ENC3_Z_P for motor 3
8 - ENC3_Z_N for motor 3
Table 15 Encoder 4 (X8 - not mounted) pinout details

Pin TRAVEO™ T2G CYT4BF pin Description

1 - +5V supply VDD5

2 GND Ground

3 P19.2 ENC4_A_P for motor 4
4 - ENC4_A_N for motor 4
5 P19.3 ENC4_B_P for motor 4
6 - ENC4_B_N for motor 4
7 P14.7 ENC4_Z_ P for motor 4
8 - ENC4_Z_N for motor 4
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3.15

Drive adapter card

The drive adapter card provides the following interfaces:

+ 100-pin HD connector for the control card

«  2x M1/M3 connectors for compatible MADK power boards

«  1x M5 connector for compatible MADK power boards

«  2x Samtec connectors for compatible power boards

+  Expansion header interface with standard 2.54 mm pitch

HD Connector

J1

lIc_ScL B1 g; IC_SDA
SPI_CLK B2 o5 SPI_MOSI
SPI_MISO B SPI_CSO
SP1_CST By B4 SPI_CS2 PWR_IN_SV
B5
M1_ANALOG_IU_VU_N B6 g? M1_ANALOG_IU_VU
M1_ANALOG_IV_W_N B7 [ og M1_ANALOG_IV WV
M1_ANALOG_IW_VW N B8 oo M1_ANALOG_IW_ VW pye v o
M1_ANALOG_IDCLINK N BY [ Bio M1_ANALOG_IDCLINK "%
M1_PWM_UL M1_PWM_UH
M1_PWM_VL M1_PWM_VH
M1_PWM_WL M1_PWM_WH
M 1_EMERGENCY_STO; s M1_ENABLE_GATE_DRIVER
BRAKE_GATE }y7— A15 | ANALOG_TEMP1
ﬁ}g A6 ANALOG_MOTOR_VDCLINK
A17 M2_ANALOG_IU_VU
A8 M2_ANALOG_IV WV
N M2_ANALOG_IW_VW
e M2_ANALOG_IDCLINK 3'3l|’=PWR—°UT—SYS
A21
M2_PWM_UL A22 M2_PWM_UH
M2_PWM_VL A23 M2_PWM_VH
M2_PWM_ WL o M2_PWM_WH
M2_EMERGENCY_STOP A25 M2_ENABLE_GATE_DRIVER
AGND ~ PFC_KIL_Extral A26 GPIO_EXTRA2
GPIO_EXTRA3 A27 GPIO_EXTRA4
M3_ANALOG_IU_VU_lu_PFC_PHIN_A_N A28 M3_ANALOG_IU_VU
M3_ANALOG_IU_VU_Iv_PFC_PHIN_B_N A29 M3_ANALOG_IV WV
M3_ANALOG_IU_VU_Iw_PFC_PHIN_C_N A30 M3_ANALOG_IW_VW
IAVG_IDCLink{3)_N A31 M3_ANALOG_IDCLINK
Extra_ADC1/DC_Link2 A32 ANALOG_EXTRA2
M3_EMERGENCY_STOP A33 M3_ENABLE_GATE_DRIVER
M3_PWM_UL 34 M3_PWM_UH
M3_PWM_VL A35 M3_PWM_VH
M3_PWM WL A36 M3_PWM_WH
M4_EMERGENCY_STOP A37 M4_ENABLE_GATE_DRIVER
M4_PWM_UL A M4_PWM_UH "
M4_PWM_VL s M4_PWM _VH PWR_IN_24V
M4_PWM_WL A40 M4_PWM_WH
M4_ANALOG_IU_VU o M4_ANALOG_IV_WV
M4_ANALOG_IW_VW A43 M4_ANALOG_IDCLINK
V4 EXTRA_ANALOG4 Ad4 EXTRA_ANALOG3
PFC_V_PHASE_IN_A_N Ad5 ANALOG_PFC_I1
GND ANALOG_PFC_VDCLINK A46 ANALOG_PFC_I2
GPIO_EXTRA5 AT ANALOG_EXTRAS
ANALOG_EXTRA6 A48 ANALOG_TEMP2
RELAY1_OUT A49 RELAY2_OUT
PWM_GATE1 A50 PWM_GATE2
Shz [-=H2
FX2-100P-1.27DS(71)
Figure 28 Drive adapter card 100-pin HD connector
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1, Semtec Connector 1
M3,M1 Connector 1 M3_ANALOG_VBEMF_U/lu(3)/PFC_I_PHASE_IN_A ; 1 31 3; KM3_PWM_VH
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Figure 29
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Semtec Connector 2 3
M5 Connector M2_ANALOG_VBEMF_U/IU2) L 33— 1y 31 g; —K M2_PWM_VH
Ja P M2_ANALOG VBEMF UIU2) R 00— 2 32 55—
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. 20 50
< SH1 SH2 [~ 72 21 51 g;
PTTTUTIO 55|22 52 |35
9221322021 5423 53 (54
25 | 24 54 55
26 | 25 55756
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. 30 60
DNI HSEC8-130-01-L-RA_Edge_finger
M1_ANALOG_IDCLINK ) 0 OHM R3S
M2_ANALOG_IDCLINK
0 OHM R34 K M2 -
MSCONN_J4_ABPIN  Yy——HMA A A L
- K Selection jumper for Semtec connector 2
J14 151-8010-E  151-8010-E
o ; M2_ANALOG_VBEMF_U/IU(2)_L
o5 2_ANALOG_IU_VU
o 2_ANALOG_VBEMF_U/IU(2)_R
; M2_ANALOG_VBEMF_V/IV(2)_L
M2_ANALOG_IV_WV
3 2 ANALOG_VBEMF_V/lv(2) R 151-8010-E  151-8010-E

SPI Drive card interface

M2_PWM_VL/MOSI
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Figure 30
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Expansion Header
J12
B1
. M3_PWM_UH o M3_PWM_UL
PWR_IN_24V " 3.3V_PWR_OUT_SYS M3, PWH VL =R gg 3PN VH
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() B GND Lo o/B13
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M3_ ENABLE GATE_DRIVER 815 o-{BI8Rwm4 ENABLE :_GATE_DRIVER GPIO_EXTRAS 0 0-BIXANALOG TEMP2
CI71 BT PWM_GATET 0 o{E2
PWR =Igur,svs ci8/ - B
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T <20 B20 T 95157-440LF
AGND AGND
AV 9515T-440LF <7
GND GND
J1 J10 _IN_24V* VCC3_5V
SPILOLK $5-S3101 [+B1<(sPI cs2 :; o veez_1sv
IIC_SCL 95—E215] [11p2<CSPI CS1 :74_1 AL R |
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Figure 31

User guide

44

Drive adapter card expansion headers

002-41810 Rev. **

2025-08-13



o _.
KIT_TRAVEO_T2G_B_H_MC1 Motor Control Evaluation Kit guide |n f| neon

3 Hardware
3.16 KIT_MOTOR_DC_250W_24V_T2G power board
OpAmps for 5V DCDC
current sensing
6 x BSCO14NO6NS 12V DCDC General Purpose
3 x 2EDLO5SNO6PF Green LED
Low Power
DC connector
Phase and DC
Low Power voltage sensing
Motor connector
2 x Parallel
DC shunts General Purpose
3 X Leg shunts Trimmer
Figure 32 KIT_MOTOR_DC_250W_24V_T2G details

The KIT_MOTOR_DC_250W_24V_T2G features an MADK M5 interface, enabling it to drive a 24 V BLDC motor in
three shunt or single shunt field-oriented control, as well as trapezoidal block commutation mode. For
complete information about this kit, including schematics, and design files, see
KIT_MOTOR_DC_250W_24V_T2G.

Table 16 Important board parameters when used with KIT_TRAVEO_T2G_B_H_DC_V1 motor
control card

Parameter Value

Zero current offset voltage 2.5V

Shunt value 0.01Q

Overall current gain 12

Max measurable current 20.83A

ltrip (Fault output trigger threshold) 25A

Bus voltage attenuation factor 0.0909

Max measurable bus voltage 55V

BEMF attenuation factor 0.0909
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4 Production data

4 Production data

The schematics of KIT_TRAVEO_T2G_B_H_MC1 motor control evaluation kit can be downloaded from the kit
webpage.
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consequences of the use thereof can reasonably be
expected to result in personal injury.
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