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User manual

Getting started with the AEK-MCU-C4MINI1 MCU and motor control evaluation
board based on the Chorus SPC58EC80E5 automotive microcontroller

Introduction

Several key trends are promoting a change in the way vehicles are designed and built. The number of electronic control units
(ECUs) in a vehicle is growing, creating complexity in the wiring needed for power and data distribution. At the same time,
electrical power requirements are evolving to enable greater electrification, towards hybrid and full battery electric vehicles.

The automotive sector natural evolution is represented by new domain and zone architectures. The first one, based on domain
controllers, is related to coordination and consolidation of functional domains, such as body domain, powertrain domain, and
ADAS domain, while the second one, based on zone controllers, aims at reducing the complexity of the wiring harness and
thereby vehicle weight and cost.

Zone controllers are hubs for power distribution and data connection requirements for sensors, peripherals, and actuators,
within a physical section of the vehicle. A mix of both architectural approaches is also envisaged.

Our new AEK-MCU-C4MINI1 MCU and DC motor control evaluation board fits well in this framework, as it can be exploited as a
domain/zone controller. It can also be used as an automotive gateway and general purpose automotive MCU board.

Indeed, our board provides more than a standard MCU board features. Leveraging on a user-friendly interface, it allows ECU
fast prototyping with basic motor control drives included.

The AEK-MCU-C4MINI1 is designed to address Automotive and Transportation applications as well as other applications
requiring automotive safety and security levels. A cryptography MCU core, employed as hardware secure module (HSM), is
paired with dual 180 MHz general-purpose 32-bit cores, all hosted by the on board SPC58EC80ES5 MCU, featuring a total of 4
MB of flash memory.

The board layout has been conceived to speed up the user development offering an easy prototyping evaluation tool.

Despite several connection possibilities due to the MCU numerous peripherals, the user-friendly interface facilitates the
interconnection of pre-configured and pin pre-mapped peripherals.

The general-purpose and serial connectors have been standardized and grouped by peripheral function types.

The MCU peripherals are extended with the VNH7040AY embedded H-bridge motor driver for DC motor control, featuring
advanced diagnostic features (short-to-ground, short-to-battery, and open load conditions). The board has a dedicated supply
capacity for an external 5 V or 3.3 V load with maximum current capability of 2.75 A.

The AEK-MCU-C4MINI1 allows plugging an AEK-LCD-DT028V1 touch display board for multiple application and debug
purposes, such as monitoring the motor current, printing serial data, or for hardware debugging, without the need of connecting
any PC terminal console. For this LCD board, two connectors are provided on the board, one on the top and one on the bottom.
The two connectors shall not be connected and used at the same time.

The top connection facilitates the debugging phase (for example, when testing signal connections and data exchange), while
the bottom one reduces the total occupied space by the two boards, making it the preferred choice for deployment purposes.

The MCU ADC reference voltage is provided by a stable linear voltage regulator (LDO) embedded in the L5963 IC.

The board hosts an OpenOCD debugger/programmer, several MCU peripheral connectors as well as various general-purpose
buttons and LEDs.

For system reset during the development phase, a reset button was added to the board layout. In addition, a reverse battery
protection circuit has been integrated for higher safety.

Warning:  The AEK-MCU-C4MINI1 evaluation board has not to be used in a vehicle as it is designed for R&D
laboratory use only.
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Figure 1. AEK-MCU-C4MINI1 evaluation board top view
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Notice: For dedicated assistance, please submit a request through our online support portal at www.st.com/support.
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Hardware overview

1 Hardware overview

1.1 Board main components

CAN, UART, LIN and 12C connectors

Reset button

Voltage configurations for the microcontroller (5 V or 3.3 V)
Generic buttons

Plug connector for the AEK-LCD-DT028V1 board

Generic 1/0 connectors (SPI, GPIO, exc.) and external supply voltage connectors
H-bridge/HS connectors

External supply voltage connectors

9. External supply ADC connectors

10. 12 V DC power supply connectors

11. Switches ON/OFF 12 V DC power supply

O N RN =

Figure 3. AEK-MCU-C4MINI1 evaluation board, top view: main components
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L5963 driver

CAN transceiver

FTDI chip

OpenOCD debugger/programmer connector
JTAG connector

Plug connector for the AEK-LCD-DT028V1 board
VND7EO040AJ actuators

VNH7040AY H-bridge driver

SPC58ECS80E5 microcontroller

© PN DN

Figure 4. AEK-MCU-C4MINI1 evaluation board, bottom view: main components
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1.2 SPC58ECS80ES
The AEK-MUC-C4MINI1 evaluation board hosts a Chorus 4M SPC58EC80ES microcontroller that belongs to the
SPC58 Chorus family.
The main MCU features are:
. AEC-Q100 qualified
. High performance e200z420n3 dual core

- 32-bit Power Architecture technology CPU
- Core frequency as high as 180 MHz

. 4224 KB (4096 KB code flash + 128 KB data flash) on-chip flash memory: it supports reading during
program and erase operations, while multiple blocks allow performing the EEPROM emulation

. 176 KB HSM dedicated flash memory
. 384 KB on-chip general-purpose SRAM
. Comprehensive new generation ASIL-B safety concept
- ASIL-B of ISO 26262
- FCCU for collection and reaction to failure notifications
- Memory Error Management Unit (MEMU) for collection and reporting of error events in memories
. Enhanced modular 10 subsystem (eMIOS): up to 64 timed I/O channels with 16-bit counter resolution
. Enhanced analog-to-digital converter system with:
- Three independent fast 12-bit SAR analog converters
- One supervisor 12-bit SAR analog converter
- One 10-bit SAR analog converter with STDBY mode support
. Communication interfaces:
- Eight CAN interfaces with advanced shared memory scheme and ISO CAN-FD support
- Eight serial peripheral interface (SPI) modules
. Low power capabilities:
- Versatile low power modes

Note: For further information, refer to RM0407 or to the SPC58ECx datasheet.

1.3 L5963

The L5963 chip belongs to the STMicroelectronics Power Management IC and System Basis Chip family. It
consists of a dual step-down switching regulator with internal power switches, a high side driver and a low drop-
out linear regulator that can operate as standby regulator or normal LDO. This IC is fit for the automotive
segment, where load dump protection and wide input voltage range are mandatory.

The AEK-MCU-C4MINI1 hosts two L5963 devices to offer an internal and an external supply voltage.
The L5963 features available in the AEK-MCU-C4MINI1 are:
. Two step-down synchronous switching voltage regulators with internal power switches

- Wide input voltage range (from 3.5V to 26 V)

- 2.75A load current

- Output voltage programmable with external resistor divider

- 250 kHz free-run frequency

- Integrated soft-start

- 180° PWM output phase shift

- Programmable switching frequency divider by 1, 2, 4 or 8 between the two DC/DC regulators
. One standby / linear regulator

- Output voltage programmable with external resistor divider

- 250 mA maximum current capability
. Load dump protection
. All the regulators come with the following protections:

- Independent thermal protection

- Independent current limit
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Some of the L5963 features are not implemented in the AEK-MCU-C4MINI1:

. On the board, we do not consider the Power-good reset and the Power-good function and the low voltage
warning monitor that have the function of monitoring, respectively, the linear regulator, the DC/DC1 output
and DC/DC2.

. The high-side output is not connected and left floating.

. The external free running frequency is not connected and left floating.

Note: For further information, refer to the L5963 datasheet.
1.3.1 L5963 control

To assure stability and dynamic performance, the L5963 output voltage can be regulated through a closed
feedback loop system with a TYPE Ill compensation network, as shown in the figure below. The relative stability
control was built to manage a load up to 2.75 A.

Figure 5. Closed loop system with TYPE Ill network
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For example, in the figure above, when the output voltage Voyrt increases, the feedback voltage Vg increases
and the output of the negative feedback error amplifier decreases. So, the duty cycle decreases. As a result,
Vour is pulled back to make Vpg = REFERENCE.

The compensation network of the error op-amp can be a Type I, Type Il or Type Ill feedback amplifier network. To
optimize a voltage mode PWM converter, a Type |ll compensation network is usually needed to design a fast loop
with a sufficient phase margin that ensures robustness and stability.
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Note: For further information about the compensation network, refer to the L5963 datasheet.
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Figure 6. External ed internal power supply

Internal power supply

External power supply

The two L5963 DC-DC controllers embed two switching regulators and a linear regulator. The internal and the
external supply provide 5 V and 3.3 V with a capability of 2.75 A, ensuring stability and reaching the lowest
voltage ripple.

As shown in the figure above, the AEK-MCU-C4MINI1 board supply can be divided into two parts (external and
internal) to ensure high-level safety. Indeed, the external supply does not manage the internal one. They are
completely separated.

1.3.2 Internal supply

The internal supply provides power source to the microcontroller that, in turn, provides power supply to the
internal peripheral. Moreover, the microcontroller supplies the CAN and LIN transceivers and the level shifting
transceiver used for the AEK-LCD-DT028V1 board, as well as the various LEDs and buttons.

Figure 7. Internal power supply
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The DC-DC converter of the L5963, also called switching converter, provides two output voltages: 5 and 3.3 V.
The two voltages converge in the final supply of the microcontroller that is called VDD_HV_IO_MAIN.

The board features other two internal supply voltages which provide 3.3 and 5 V to the internal ADC supply
voltage. You can choose the voltage through JP1 selector.

1.3.3 External supply

J4, J5 and J6 connectors are used for external supply. The 5V and 3.3 V voltages have a capability of 2.75 A
each and are called 5V-E (5V-External) and 3V3-E (3V3-External). They are also available in the KKK connector
as shown in section 1.6.

The DC-DC converter of the L5963 provides two output voltages: 5 and 3.3 V.
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The board features other two external supply voltages, which provide 3.3 V (through J6) and 5 V (through J5) to
the external ADC supply voltage.

Figure 8. External power supply
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1.4 VNH7040AY

The VNH7040AY chip belongs to the VIPower M0O-7 H-bridge family. The device is a full-bridge motor driver
intended for a wide range of automotive applications. The device embeds a dual monolithic high-side driver and
two low-side switches. They are designed to drive low or medium power automotive DC motors.

The VNH7040AY features available in the AEK-MCU-C4MINI1 are:
. Output current: 3 A
. PWM operation up to 20 KHz

. Very low standby power consumption
. Half-bridge operation
. Multisense monitoring functions:

- Analog motor current feedback
- Chip temperature monitoring
- Battery voltage monitoring
. Multisense diagnostic functions:
- Output short to ground detection
- Thermal shutdown indication
- OFF-state open-load detection
- High-side power limitation indication
- Low-side overcurrent shutdown indication
- Output short to VCC detection
. The VNH7040AY come with the following protection features:
- Undervoltage shutdown
- Overvoltage clamp
- Thermal shutdown
- Open load protection
- Cross-conduction protection
- Protection against loss of ground and loss of V¢
- Output protected against short to ground and short to V¢

1.4.1 VNH7040AY in the AEK-MCU-C4MINI

In the AEK-MCU-C4MINI board, the embedded VNH7040AY allows the user to access the full functionality of an
half-bridge or a full bridge driver, performing small tests without having to buy a motor control board.

The AEK-MCU-C4MINI1 microcontroller board allows using a resistive or inductive load up to 3 A.

To exploit the full functionality of an H-bridge or drive a high current load, we recommend using a dedicated
board, such as the AEK-MOT-2DC40Y1 board.

During laboratory tests, a resistive load of 4Q @36W was used to test the board.

Note: For further information about the compensation network, refer to AN5026 or the VNH7040AY datasheet.
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Figure 9. AEK-MCU-C4MINI1 VNH7040AY block diagram

DC Motor Battery

The figure above shows the block diagram allowing the motor connection.

1.4.2 Working principle
The motor can be independently controlled through specific combinations of INA, INB and PWM on the H-bridge.
With the help of these digital pins, we can turn the motor clockwise or counterclockwise or brake it.

Figure 10. H-bridge from the electrical point of view
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1.4.2.1 Clockwise direction

Figure 11. Clockwise direction

12V _PSU
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— o
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Set INA=H, INB=L and PWM=Duty cycle to a given % on H-B left to activate the M motor clockwise. Use PWM
pin to vary the rotational speed.

1.4.2.2 Counterclockwise direction

Figure 12. Counterclockwise direction
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Set INA=L, INB=H and PWM=Duty cycle to a given % on H-B left to activate the M motor counterclockwise. Use
PWM pin to vary the rotational speed.
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1.4.2.3 Brake

Figure 13. Braking the motor
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Set INA=L, INB=L and PWM=Duty cycle (100%) on H-B left to brake the M motor (as indicated by the red arrow in
the figure above). In this case, the motor is braked to GND. Essentially, since there is no difference in polarity at
the ends of the motor, it will be stopped. The same behavior can be obtained by braking it to 12_PSU (supply
voltage), setting INA=H, INB=H and PWM=Duty cycle (0%) as shown in the figure above through the green arrow.

1.4.3 MultiSense considerations

The VNH7040AY embeds Multisense diagnostic functions that are used to sense the current or to protect the
device against open load, etc. These data are available in an analog monitoring output called MultiSense. It
multiplexes several analog signals, controlled by the SELx and actived by MultiSense_EN pin.

1.4.3.1 Current monitoring
The Multisense pin delivers a current proportional to the ON state of the high side driver (HSA or HSB) according
to the selection pin SELO (SELO=H selects HSA, SELO=L selects HSB) and SEL1=L. During normal operation, the
current will be proportional to the load current flowing over the activated high side, selected by SELO. This current
can be easily converted to a voltage by using an external sense resistor (R162, 1.5 K, as shown in the figure
below in the yellow rectangle inside the red dashed line box), allowing continuous load monitoring and abnormal
condition detection.

After that, the sensing current will be sent to the ADC of the microcontroller as shown in the figure below.
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Figure 14. Current monitoring
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1.4.3.2 Embedded protection
VNH7040AY driver integrates advanced protection functions to protect both the power stage and the load. The
device must be protected against overvoltage, overcurrent and overtemperature events outside the safe operating
area. The power MOSFET is protected against high temperature events both by thermal shutdown and by a
power limitation block that limits the junction temperature gradient in time. The device, through an external
circuitry, exploits also the short to V¢ and the open load protection in off-state.

1.4.3.21 Open load detection in off-state/short to V¢

The open-load (OL) detection in off-state operates in the condition where the device is OFF (INA, INB and PWM
all set to low and SELO is high). The OL detection and the short to V¢ is performed by reading the MultiSense
pin output. So, both conditions need a pull up resistor (Rpy) (in this case, R142) applied over switched circuitry,
as shown in the red rectangle of the figure below.

Figure 15. Open load/SH to V¢ circuitry

An open load or short-circuit to V¢ can be detected by checking the Vggnsg output during activated/inactivated
external pull up switch (Rpy). The following figures below depict the cases applying OFF state diagnostics on
OUTA with external pull-up switch. If an open load condition occurs, with the Rpy resistor, we can control the
Multisense outpin pin. Indeed, in this case, we will have Vsense = Vsensen- If a short to V¢ condition occurs,
Vsense Will be always equal to Vsensen, no matter if Rpy is opened or closed. The information about Vsensg will
be acquired by the microcontroller ADC.
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Figure 16. MultiSense in OUTA off-state diagnostic in a full-bridge configuration

UEIS V‘::

Rey Rey
- External - External
| | Full-up switch | | Pull-up switch
vl |

OUTA

=
OuUTA 4

Example: VNH7070BAS (MULTISENSE_EN signal not present)

PWM A

INA A

INB A

SELO

Pull-Up
switch

Vsense

1.5 VND7E040AJ

The VND7EO040AJ chip belongs to the VIPower MO-7 enhanced family. The device is a double channel high-side
driver intended for a wide range of automotive applications. The device is designed to drive 12 V automotive
grounded loads as resistive, inductive, and capacitive or also automotive lamps. The chip can provide protection
and diagnostics.

The VND7EO040AJ features available in the AEK-MCU-C4MINI1 are:

. Output current: 3 A

. Double channel smart high-side driver with Current Sense analog feedback
. Very low standby current
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. Current Sense diagnostic functions:
— Analog feedback of load current with high precision proportional current mirror
- Thermal shutdown indication
- OFF-state open-load detection
- Output short to VCC detection
- Overload and Short-to-GND detection
. The VND7E040AJ come with the following protection features:
- Undervoltage shutdown
- Overvoltage clamp
- Protection against loss of ground and loss of VCC
- Output protected against short to ground and short to VCC
- Electrostatic discharge protection
- Load current limitation

. In the AEK-MCU-C4MINI1 the FaultRST pin was kept low to set the faults in auto-restart mode.
Note: For further information about the compensation network, refer to the VND7E040AJ datasheet.
1.5.1 VND7E040AJ in the AEK-MCU-C4MINI

In the AEK-MCU-C4MINI board, the VND7E040AJ was included to give the user access to the full functionality of
a double high side driver, so that they can have the opportunity to perform small tests without the need of buying

a load actuator board.

The AEK-MCU-C4MINI board hosts two VND7E040AJ drivers to manage different and parallel loads.
The board is designed to connect loads of up to 3 A.

During laboratory tests, a resistive load of 4 Q @36 W was used to test the board.

Figure 17. AEK-MCU-C4MINI1 VND7E040AJ block diagram
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1.5.2 Working principle
The device, disregarding the protection and diagnostic functions, can be represented as a switch, which embeds
an NMOS.

The NMOS (see the red dashed rectangle on the right), properly driven, can handle resistive, inductive, and
capacitive automotive loads.

The loads can be independently controlled through INPUTO or INPUT1 to activate the OUTO or OUT1 of the first
or second VND7E040AJ drivers embedded on the board. Through these digital pins, we can switch drivers on/off.
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Figure 18. High-side configuration on the VND7E040AJ
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If the input is high, the switch will close, and the current will flow; otherwise, the opposite behavior will occur.
The onboard LEDs (D33, D34, D36 and D37) indicate if the outputs are on or off.

153 MultiSense considerations
The VND7140AJ embeds Multisense diagnostic functions that are used to sense the current, i.e. current monitor,
or to protect the device against open load, etc. All these data are available in an analog monitoring output called
MultiSense [CS pin]. It multiplexes several analogue signals, controlled by the SELx and activated by SEn pin.

1.5.3.1 Current monitoring
The Multisense [CS pin] delivers current proportional to the ON state of the high side driver according to the
selection pin SELx of the VND7140AJ. During the normal operation, the current will be proportional to the load
current flowing over the activated high side, selected by SELx. This current can be easily converted to a voltage
by using an external sense resistor (R175), allowing continuous load monitoring and abnormal condition
detection.
After that, the sensing current will be sent to the ADC of the microcontroller as shown in the figure below.

Figure 19. Current monitoring for the high-side configuration
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1.5.3.2 Embedded protection
VND7140AJ driver integrates advanced protection functions to protect both the power stage and the load. The
device must be protected against overvoltage, overcurrent, and overtemperature events outside the safe
operating area. The power MOSFET is protected against high temperature events by thermal shutdown and other
embedded features. The device, through external circuitry, also exploits the short to V¢ and the open load

protection in off-state. Both can be available only in one output.
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1.5.3.2.1 Open load detection in off-state / Short to V¢

The open load (OL) detection in off-state operates in the condition where the device is OFF (INPUTO set low and
SELO is high). The OL detection and the short to VCC is performed by reading the CS pin output. So, both
conditions need a pull up resistor (Rpy) (in this case, R168), applied over switched circuitry, as shown in the red
rectangle below.

Figure 20. Open load/SH to V¢ circuitry
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An open load or short-circuit to V¢ can be detected by checking the Vggnsg output during activated/inactivated
external pull up switch (Rpy). The figures below depict the cases applying OFF state diagnostics on OUTO with
external pull-up switch. If an open load condition occurs, with the Rpy resistor, we can control the CS output pin.
Indeed, in this case, we will have Vsense = VsenseH, if VouT > VoL, where Vsense indicates the voltage on the
Rsensk resistor, Vsensen indicates voltage on Rggnse in fault conditions, and Vg indicates voltage in case of
open load.

If VouT < VoL CS will be zero. On the other side, if a short to V¢ condition occurs, Vgense will always be equal
to VseNsEH _no matter if Rpy is opened or closed. Indeed, if Voyt > VoL, we will have Vsgnse = Vsensen- The
information about Vggnse will be acquired by the MCU ADC.
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Figure 21. Open-load /short to V¢ condition
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1.6 Other ICs
The board AEK-MCU-C4MINI1 hosts other noteworthy third-party integrated circuits (ICs).

1.6.1 FTDI chip

The FTDI chip is a USB 2.0 hi-speed (480 Mb/s) to UART/FIFO IC. It has the capability of being configured in a
variety of industry standard serial or parallel interfaces. In the AEK-MCU-C4MINI1 board, the FTDI chip allows
programming/debugging the application in conjunction with the JTAG connector or the mini-USB 2.0 Type B
connector. The supported license is for host OpenOCD open-source debugger.

1.6.2 CAN FD transceiver chip

The CAN transceiver IC is designed for high-speed CAN FD applications up to 8 Mbps communication speed. It
supports also CAN 2.0. The device meets the automotive requirements for CAN FD bit rates exceeding 2 Mbps,
low quiescent current, electromagnetic compatibility (EMC) and electrostatic discharge (ESD). In the AEK-MCU-
C4MINI1 board, there are three of these CAN transceivers.

1.6.3 LIN transceiver chip
The device is a dual LIN transceiver that provides the interface between a Local Interconnect Network (LIN)
leader/follower protocol controller and the physical bus in a LIN network. It is primarily intended for in-vehicle
subnetworks using baud rates up to 20 kBauds and is compliant with LIN 2.0, LIN 2.1, LIN 2.2, LIN 2.2A and SAE
J2602. In the AEK-MCU-C4MINI1 board, the LIN transceiver was used to build a master configuration in the LIN
protocol.
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1.7 Connector overview

Connectors are grouped by type, to facilitate the connection and simplify the identification of the pins that can be
used according to the user’s application. The microcontroller peripherals are already mapped on the connector by
direct connection of the pin.

1. CAN connectors:
- CN17: CANO peripheral
- CN18: CAN2 peripheral
- CN19: CAN4 peripheral
2. Serial connectors:
- CN13: 12C peripheral
- CN20: LIN peripheral
- CN21: UART peripheral
3. Connector for display board:
- CN16: top view
4. Generic I/O connectors:
- CN1: emios, gpio, adc, timer
- CN2: gpio,adc,timer,emios,external supply
- CNB5: gpio, timer, interrupt
— CN7: gpio,timer, interrupt
- CN10: gpio,adc, interrupt
5. SPI connectors:
- CN3: DSPI1 peripheral (only master config.)
- CNG6: DSPI2 peripheral (only master config.)
- CN9: DSPI3 peripheral (only master config.)
- CN11: DSPI5 peripheral (master-slave config.)
- CN12: DSPIO peripheral (master-slave config.)
- CN14: DSPI7 peripheral (master-slave config.)
6. External power connectors:
- CN4: 5V external power connector
- CN8: 3.3V external power connector
7. OpenOCD debugger/programmer connector
JTAG connector
9. Plug connector for the AEK-LCD-DT028V1 board
- CN15: bottom view

®
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Figure 22. Connector overview (top view)
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1.71 CAN connectors

CAN connectors implement the CAN protocol that is a vehicle bus standard designed to allow microcontrollers
and devices to communicate with each other. All the nodes are connected to each other through a physically
conventional two-wire bus. The wires are a twisted pair with a 120 Q (nominal) characteristic impedance.

The CAN bus needs this impedance of 120 Q to work correctly. Onboard, each CAN line has a resistor of 120 Q.
To enable the line, and avoid problems during communication, the jumpers (JP6 and JP7, in case you are using
CANO connector, as shown in the figure below) associated with the CAN connector should be closed. The same
applies to the other onboard CAN connectors.

Figure 24. Example of CAN connector

@®N cano H@)

TP21 L H TP22

CAN protocol enables two signals, CAN high (CANH) and CAN low (CANL), which are either driven to a
"dominant" state with CANH > CANL, or not driven and pulled by passive resistors to a "recessive" state with
CANH =< CANL. A 0 data bit encodes a dominant state, while a 1 data bit encodes a recessive state.

Figure 25. Example of CAN signals

0 1 0 1 1 0 1 1 1 1 0 1

5V

Dominant Voltage

CAN Lo

B

CAN Hi I ~ l ~
2.5V ‘ [ ‘ [ Recessive Voltage

Dominant Voltage

oV

Driver Logic

The AEK-MCU-C4MINI1 hosts three CAN connectors with respective CAN-FD transceivers able to support high-
speed applications. Each connector has two pins that indicate high and low signals, as shown in the figure above.

1.7.2 SPI connectors

SPI connectors implement the SPI protocol for synchronous serial communication, used primarily in embedded
systems for short-distance wired communication between integrated circuits. SPI uses a master-slave
architecture, where one main device (master) manages communication among peripheral devices (slave) by
driving the clock and chip select signals. In our case, we can drive a maximum of two slaves through CS1 and
CS2 signals with only one master.
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Figure 26. Example of SPI connector

. CLK : Serial Clock (clock signal from master)

. MOSI : Master Output Slave Input (data output from master)

. MISO : Master Input Slave Output (data output from slave)

. CS : Chip Select (active low signal from master to address the slave and initiate)

To start communication, the main SPI selects a slave device by pulling its CS low. During each SPI clock cycle,
full-duplex transmission of a single bit occurs. The master sends a bit to the MOSI line while the slave sends a bit
to the MISO line, and then each of them reads the corresponding incoming bit. This sequence is maintained even
when only one-directional data transfer is intended.

The AEK-MCU-C4MINI1 hosts six SPI connectors. Each connector has 8 pins. 5 pins are dedicated to the SPI
protocol. 3.3 V external and 5 V external power supplies and a GND pin are also present.

1.7.3 External power connector
Important: The cables inside the AEK-MCU-C4MINI1 blister have a maximum current capability of 200 mA.

Figure 27. 3.3 V External power connector

Figure 28. 5 V External power connector
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The AEK-MCU-C4MINI1 hosts two power connectors with 3.3 V and 5 V external power supplies. Moreover, for
each connector, there are four GND pins.

1.74 Generic I/0 connectors

The AEK-MCU-C4MINI1 hosts five generic /0O connectors. These connectors are a combination of different

functionalities of the microcontroller: general purpose 1/0, ADC, TIMER, EMIOS and INTERRUPT, as shown as
example below.

Figure 29. Generic I/0O connector

On this board, the number and type of these pins offer a wide range of options to take advantage of the
microcontroller potential and to meet the needs of the final user during programming or firmware development.

The more experienced user may decide to remap the functionality of the microcontroller through these pins. For
example, a GPIO can be transformed into another INTERRUPT by configuring the microcontroller pin map editor
through AutoDevKit Studio.

CN2, CN5 and CN10 connectors also host GND and external power supply.

1.7.5 Display connector

Figure 30. Display connector top view

As shown in the figure above, the AEK-MCU-C4MINI1 hosts two customized display connectors that allow the
connection of the AEK-LCD-DT028V1, which features a 2.8” LCD display with resistive touch and a graphical user
interface (GUI) to interact with the AEK-MCU-C4MINI1.

The AEK-LCD-DT028V1 can be connected at the board top or bottom through CN15 and CN16 connectors.

Note: The two connectors cannot be used simultaneously.
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Figure 31. Display connector bottom view

27 A
SR g

1.7.6 Serial connectors

1.7.6.1 UART connector

Figure 32. UART connector

The UART connector implements the UART protocol used for asynchronous serial communication, which allows
configuring data format and transmission speeds. It sends data bits one by one, from the least significant to the
most significant, framed by start and stop bits so that precise timing is handled by the communication channel.
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The AEK-MCU-C4MINI1 hosts a UART connector, which has two pins. TX pin is used for data transmission and
RX pin is used for data reception.

Referring to Figure 4, you can notice that there is another UART connector (OpenOCD debugger/programmer
connector, indicated by number 4), which allows you to flash the board or use the serial line integrated in the FTDI
chip (indicated by the number 3 in the figure).

1.7.6.2 LIN connector

Figure 33. LIN connector

GND LIN

The LIN connector implements the LIN protocol that is a serial network protocol used for communication between
components in vehicles. It is a single wire, serial network protocol that supports communication up to 19.2 Kbit/s
with a bus length of 40 meters.

The AEK-MCU-C4MINI1 hosts a LIN connector with a LIN transceiver able to convert the double transmission
(TX-RX) line in input as one single wire, thanks to the microcontroller that manages the LIN protocol as serial

transmission with two pins. Each connector has two pins that indicate the GND and LIN signals, as shown in
Figure 33.
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1.7.6.3 12C connector

Figure 34. 12C connector

|_J2C_
SDA SCL

The 12C connector implements the 12C protocol that is a synchronous, multi-master/multi-slave, single-ended,
serial communication bus. It is widely used to connect lower-speed peripheral ICs to microcontrollers in short-
distance (so, for intra-board communication).

The AEK-MCU-C4MINI1 hosts an 12C connector and has two pins that indicate the SDA (serial data line) and
SCL signal (serial clock line), as shown in Figure 34. Both signals need pull-up resistors, which are not mounted
on the board.
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2 AutoDevKit ecosystem

The application development employing the AEK-MCU-C4MINI1 takes full advantage of the AutoDevKit
ecosystem, whose basic components are:

. AutoDevKit Studio IDE (STSW-AUTODEVKIT)
. OpenOCD programmer and debugger
AutoDevKit Studio is an integrated development environment (IDE) based on Eclipse.

The aim of AutoDevKit Studio is to maximize developer productivity of embedded applications based on SPC5
Power Architecture 32-bit microcontrollers with a single tool for evaluation, development, design, and production.

AutoDevKit Studio includes an application wizard to simplify project creation and configuration, it automatically
solves component dependencies and generates support files.

Other advantages of AutoDevKit Studio include:

. the ability to integrate other software products from the Eclipse standard marketplace
. the availability of a free license GCC GNU C Compiler component
. the possibility to support industry-standard compilers
. support of multi-core microcontrollers
. a PinMap editor to facilitate MCU pin connections
2.1 How to create a new project with AutoDevKit Studio using the AEK-MCU-
C4MINI1
The following procedure provides step-by-step guide to create a new project in AutoDevKit Studio using the AEK-
MCU-C4MINI1.

Step 1. Install AutoDevKit Studio (downloadable from www.st.com/autodevkitsw).

Step 2.  Create a new SPC5 application:
- Select [File] [New] [SPC5 C/C++ Application]

Figure 35. New Project menu

&7 waorkspace - SPC5Studio - SPC58ECioe_RLA DSPI Test Application for Discovery/main.c - SPC55tudio
File Edit Source Refactor Mavigate Search Project Run  Window Help

Mew Alt+5hift+N > Makefile Project with Existing Code
Open File... C++ Project
[, Open Projects from File System... C Project
Close Ciflewy i SPCS C/C++ Application
Close All Ctrleshiftew | [0 Project..
Save Cirl+S Convert to a C/C++ Project (Adds C/C++ Nature)
Save As. &% Source Folder
Save All Ctteshiftes | (3 Folder
[ Covieea Cil

- Or select the icon “Create a new SPC5 application” present in the Starter actions tab.

Figure 36. Starter actions tab

] @ Commontasks 2 |BE = B

A ~ Starter actions |

How to start with SPC55tudio I

@ Create new SPC5 application

Q Import samples from applicatic

A window appears, prompting application details.
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Step 3.  Fill in the application details and then click on the [Next] Button.

Figure 37. New application details page

B0 SPC5 C/C++ Application Wizard O >
SPCS C/C++ Application Details Page
Specify SPC5 C/C + application details.
Name 1 | AFL-Suite. |
Version [ 1.0.0 |
2 || AFL (Adaptative Front Lighting) System Suite.
Descriptior
] p—
@ | <Back || New> ||[ Fimsn || cancel
| SN

Step 4.  Select the SPC58ECxx component and select the [Finish] button.

Figure 38. New application MCU platform

SPCS CfCe s Platform

Specify SPCS C/Ce+ application companent details.

Select a platformn to add,
[ fiter vt

Flat View  Tree View

Component Name Vendor Category nd
& SPCSTIx Platform Component LA SThicroelectronics  Bower e200z/SPC5T20uce {Lavared:
& 5PCST4K Platform C RLA  STMcroel jcs  Power e200z/SPCS T4k (K2)
i SPC5T4So: Platform Compaonent RLA  STMicroelectranics  Pawer e2002/5PC 5745 (Sphaera
&i  SPCS5B2B: Platform Comp RLA  STMicroel ics  Power e200z/SPC582Bx (CharusT
G SpCsege Plotionn C LA STMcreel ez Power 200/ SPCERARR (Chongzd |
1[ i SPCSBEC Platiorm C RA jcs  Power e200z/SPCSBECix (Chorus.
TH  SPCSGEwx Platorm Component LA SThhcroelectronics  Dower e200z SPC Senbrr (E1ger]
& 5PCSEGo Platform Comp RLA  STMicroel s Power e200z/SPC5BxGie: (Charust
& SPCSAxhbex Platiorm C RLA  STMicroel ics  Power e200z/SPC 58k (Beming v
< >

;‘NamleSi’CSééCw Piatform Cornponert RLA
|Icom.sttoclsspeS.components. platform.spc Seco_rla
| Mersion:1.1.02019031 50943

|Description:Startup files and linker scripts for ElRTIIRe.

[ show hidden companents

<pack || meas 2f[ Fmen | cance
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Step 5.  Click on the [Generate application code] button.
A base C project is created in the workspace.

Figure 39. New SPC5 application files in outline view

ﬁ workspace - SPC55tudio - Project Name/configuration.xm

File Edit Mavigate Search Project Run  Window
B L Bhals %09
[ Project Explorer 3

DEllas|dal+ =

v QE' Project Name

v = Application Name

& SPCS8ECx Platform Component RLA

= source
> [= components
> [= pclint
> [= UDE

cenfigurationxml
[ main.c

@ Makefile

@ patchaml
readme bt

2/ user.mak

There are two fundamental files visible in the application tree view:

- configuration.xml with project configuration information that is updated every time the project is
changed.

- main.c in which the actual application is implemented. The main.c file only contains a basic
initialization section and an infinite loop when it is first created.

Figure 40. main.c application file

Main.c automaticallygenerated

[€] main.c 52
2\'§a| SPCS RLA - Copyright (C) 2015 STMicroelectronics[]
16
172 /* Inclusion of the main header files of all the imported components in the
18 order specified in the application wizard. The file is generated
19 automatically.*/
20 #include "components.h”
21
228 /*
23  * ppplication entry point.
24 *
25= int main(void) {
26
27= /* Initialization of all the imported components in the order specified in
28 the application wizard. The function is generated automatically.*/
29 componentsInit();
368

31 /* Application main loop.*/
32 for (55 ) {

How to add components to an AutoDevKit Studio project for AEK-MCU-C4MINI
The following procedure shows how to add an available component to a project.

Step 1. In the Project Explorer tab, select the SPC58ECxx Platform component RLA.
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Step 2.  To view the available components for the chosen platform:
- right click on the mouse and select add
or

- select the + icon in the project explorer

Figure 41. Open available components list

& workspace - SPC5Studio - Project Name/configurationaml - SPC5Studio
File Edit MNavigate Search Project Run Window Help

sRAMIN =R LS S L LA
[ Project Explorer 57 = B [y Application Nam

eElasgalFE- s e
v 55 Project Name
v €& Application Name

by Applicatior

SPC58EGuox Platfo
4y SPCS8ECxx Platform Component RLA
(3 source ol Generate SPC5 Application for
> E (ompﬂnents g Clenn 'yr
> & pelint
> @ UDE Locked component
= application.ld [ Saveas preset 5
[5 configuration.xmi oy
[€ main.c P ate
o Mkt
@ patchaml e R ks
readme bt
= Move Up
\Z| user.mak ac
Move Down
7" Refresh
<
Properties
8= Qutline 22 [E: @ Hep ac
v @7 SPC58ECwx Platform Component RLA Ul Documents >
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Step 3.  Select the components listed below and click the [OK] button.
- SPC58ECxx Init Package Component
- Low Level Driver
- AutoDevKit AEK-C4MINI1 Board Component

Figure 42. Select available components for platform

&7 Select availablecomponents x

Select one or more components to add.

fitter text

Flat View  Tree View

Component Name Vendor Category
] AuteDevKit Init Package Com...  STMicroelectronics  AuteDevKit
88 Flosh Driver STMicroclectronics  FLASH/Platforms/SPCSBECa |
1 r = SPC58ECx Init Package Com...  STMicroelectronics  SPC5-RLA/Platforms/SPC581 -I

< >

MName:SPC58ECxx Init Package Component RLA
ID:icom.st.sped.compenents.init.spcifecedrla

Version:1.1.0.201903190945

Description: This is a meta component that depends on all components required to create an
envirenment for the register based access on the STMicroelectronics SPC58ECx automotive
microcontrollers family.

[JShow hidden components

[JShow incompatible components

2 | OK | Cancel

The added components appear in the Application Name Folder:

- SPC58ECxx Board Initialization Component RLA

- SPC58ECxx Clock Component RLA: for the configuration of the MCU clock tree

- SPC58ECxx IRQ Component RLA: to set and configure interrupt Request QUEUE
- SPC58ECxx OSAL Component RLA: operating system abstraction

- AutoDevKit AEK-C4MINI1 Board Component
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Step 4.
Step 5.

Figure 43. New components visible in project tree
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21 [Dep] SPCS8ECxx Board Initialization Component RLA
@ [Dep] SPC58ECxx Clock Component RLA
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# [Dep] SPCS8ECxkx OSAL Component RLA
» & components
> @ source
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* & UDE
g configurationxml

L& main.c

“ patchxml
[ readme.txt
“ user.mak

In addition, the PinMap Editor icon also becomes selectable in the Editors tab:
Figure 44. PinMap editor icon in Editors tab

@ Common tasks 2 B = O

w Starter actions
How to start with SPC5Studio

@ Create new SPC5 application

@ Import samples from applicatio

Editors for "Application Name'
Here are the available editors on the sele
application

@ SPC58EC_4M MCU wizard

O PinMap editor

0 SPCS58EC 4M clock tree

Cadn ramteic artlnme-

Open Pin Map Editor to check all Pins have been allocated.

Close Pin Map Editor.
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2.3 How to select a connector on the AEK-MCU-C4MINI

As mentioned above, the AEK-MCU-C4MINI evaluation board offers among its key features not only physical
connection of all connector pins but also pre-assignment of these pins in the PinMap Editor, making it easy and
quick to use.

Figure 45. PinMap editor
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Table 1 helps you choose the connector and, therefore, pins to use according to the requirements of your
application. The table lists connectors and pin names and their related connection to the PAD (the MCU physical
pin), as well as the associated functionality.

For example, if your application uses an SPI, through Table 1 column Interface, you can easily select CNx as the
connector whose pins are already pre-allocated in the PinMap Editor to function as an SPI.

Then, use the AutoDevKit GUI to configure the communication protocol associated with this particular connector
pins as described in the next paragraph.
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Table 1. Pins and related configurations

AEK-MCU-C4MINI AEK-MCU-C4MINI

Interface MCU pad MCU pin number Functionality
Connector pin label
GPIO5 PB11 64 General purpose
110
GPIO4 PB10 65 General purpose
l{e]
GPIO3 PB9 66 General purpose
l{e]
Analog-to-Digital
ADCS FBe 38 Converter (ADC)
CN1 -
Analog-to-Digital
ADCE Pee % Converter (ADC)
Analog-to-Digital
ADCT Pes % Converter (ADC)
TIME3 PF6 70 Emlos_used asa
timer
Emios used as
EMIO1 PF7 71 WM
GPIO1 PD10 63 General purpose
110
Analog-to-Digital
ADCO Fie 39 Converter (ADC)
Analog-to-Digital
ADCS FIs 34 Converter (ADC)
Emios used as a
CN2 - TIME2 PF1 60 fimor
TIME1 PBO 57 Em|os_used as a
timer
Emios used as
EMIO2 PD11 53 BWM
5V-E 5V_Ext 5V external supply
GND GND Ground
CS1 PF3 143 Chip Select
CS2 PC11 138 Chip Select
CLK PMO 140 Clock
o Master Input SI
aster Input Slave
MISO P10 139 Output (MISO)
CN3
Master Output
MOS! FM2 141 Slave Input (MOSI)
3V3-E 3V3_Ext 3.3V external
supply
i 5V-E 5V_Ext 5V external supply
GND GND Ground
GND GND Ground
GND GND Ground
CN4 - GND GND Ground
GND GND Ground
5V-E 5V_Ext 5V external supply
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AEK-MCU-C4MINI AEK-MCU-C4MINI

c Interface MCU pad MCU pin number Functionality
onnector pin label
5V-E 5V_Ext 5V external supply
CN4 - 5V-E 5V_Ext 5V external supply
5V-E 5V_Ext 5V external supply
GPIO11 PC14 133 General purpose
110
GPIO10 PC15 132 General purpose
110
TIMES PE11 122 Emios used as a
timer
CN5 . TIME? PH1 17 Em'°sﬁ‘;f:rd asa
TIMES PHO 116 Emlos.used asa
timer
3V3-E 3V3_Ext 3.3V external
supply
INTS PF2 60 External interrupt
INT4 PG15 114 External interrupt
CS1 PE10 121 Chip Select
CS2 PH4 123 Chip Select
CLK PDO 128 Clock
SPI_2 Master Input Slave
MISO PM4 129 Output (MISO)
CN6 Master Output
MOSI PM6 130 Slave Input
(MOSO)
3V3-E 3V3 Ext 3.3V external
- supply
) 5V-E 5V_Ext 5V external supply
GND GND Ground
GPIO9 PG13 100 Ge”er"’:'/opurmse
GPIO8 PA4 04 General purpose
110
GPIO7 PF15 95 General purpose
110
CN7 . GPIO6 PA14 87 Ge”era:'/g“rp“e
TIMES PD6 86 Emlos.used asa
timer
TIME4 PD7 85 Emlos.used asa
timer
INT3 PF14 93 External interrupt
INT2 PM14 98 External interrupt
GND GND Ground
GND GND Ground
CN8 -
GND GND Ground
GND GND Ground
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AEK-MCU-C4MINI AEK-MCU-C4MINI

c Interface MCU pad MCU pin number Functionality
onnector pin label
3V3-E 3V3_Ext 3.3V external
supply
3V3-E 3V3_Ext 3'3\S/u‘“;)’g§ma'
CN8 -
3V3-E 3V3_Ext 3.3V external
supply
3V3-E 3V3 Ext 3.3V external
- supply
CS1 PEO 14 Chip select
CS2 PCO 13 Chip select
CLK PC4 8 Clock
SP13 Master Input SI
aster Input Slave
MISO PC3 9 Output (MISO)
CN9
Master Output
MOSI PCS 7 Slave Input (MOSI)
3V3-E 3V3_Ext 3.3V external
supply
) 5V-E 5V_Ext 5V external supply
GND GND Ground
GPIO2 PE13 52 General purpose
110
Analog-to-Digital
ADC4 PI7 40 Converter (ADC)
Analog-to-Digital
ADC3 Pi4 33 Converter (ADC)
Analog-to-Digital
CN10 -
ADC2 PG10 46 Converter (ADC)
Analog-to-Digital
ADC1 PGo 45 Converter (ADC)
INT1 PG12 48 External interrupt
5V-E 5V_Ext 5V external supply
GND GND Ground
CS1 PF8 73 Chip select
CS2 PF9 74 Chip select
CLK PF12 77 Clock
SPLS Master Input SI
aster Input Slave
MISO PF11 76 Output (MISO)
CN11 Master Out
put
MOSI PF10 75 Slave Input (MOSI)
3V3-E 3V3_Ext 3.3V external
supply
) 5V-E 5V_Ext 5V external supply
GND GND Ground
CS1 PE8 73 Chip Select
CN12 SPIO CS2 PE7 71 Chip Select
CLK PD4 104 Clock
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AEK-MCU-C4MINI AEK-MCU-C4MINI

c Interface MCU pad MCU pin number Functionality
onnector pin label
SPI master input
MISO PD5 106 slave output
SPI O (MISO)
SPI master output
MOSI PE9 108 .
CN12 slave input (MOSI)
3V3-E 3V3_Ext 3.3V external
supply
. 5V-E 5V_Ext 5V external supply
GND GND Ground
SCL PC6 6 12C serial clock
CN13 -
SDA PC7 5 12C serial data
CS1 PA15 72 Chip Select
CSs2 PB4 51 Chip Select
CLK PB1 56 Clock
SPL7 Master Input SI
aster Input Slave
MISO PB2 55 Output (MISO)
CN14
Master Output
MOSI PB3 54 Slave Input (MOSI)
3V3-E 3V3 Ext 3.3V external
- supply
) 5V-E 5V_Ext 5V external supply
GND GND Ground
VCC 5V_uc 5V internal supply
GND GND Ground
SPI4 CS PE3 19 Chip select
RESET PK14 135 Ge”er"’:'/op“rmse
WR_DC WR_VC 21 Ge”er"’:'/opurmse
Serial Data In
SDI PKO 24 (SDI) signal shared
SPI4 :
SCK PK1 25 Clock signal
shared
CN15/CN16
- LED 5V_uc Internal supply
Serial Data In
Sbo PE2 16 (SDI) signal shared
T CLK PK1 25 Clock signal
- shared
SPI4 T CS PG2 27 Chip select
Serial Data In
T_DIN PKO 24 (SDI) signal shared
Serial Data In
T_DO PE2 16 (SDI) signal shared
- T_IRQ PD13 18 External interrupt
H (CAN_H) CAN_O_H 1
CN17 - CANO
L (CAN_L) CAN_O_L 2

UM3350 - Rev 1 page 37/79



‘_ UM3350
’l AutoDevKit ecosystem

_ . AEK-MCU-C4MINI
AEKCMCU C4MINI Interface MCU pad MCU pin number Functionality
onnector pin label

H (CAN_H) CAN_2_H 118

CN18 - CAN2
L (CAN_L) CAN 2 L 119
H (CAN_H) CAN_4 H 134

CN19 - CAN4
L (CAN_L) CAN 4 L 137
LIN LIN1_BUS 4

CN20 - LIN
GND GND 3
RX CN21_1 112

CN21 - UART
TX CN21 2 111

Wake-up to be
BUTTON1 PAO 113 configured as
external interrupt

Wake-up to be
BUTTON2 PA1 110 configured as
external interrupt

Wake-up to be
Buttons - BUTTON3 PA2 109 configured as
external interrupt

Wake-up to be
BUTTON4 PE6 103 configured as
external interrupt

Wake-up to be
BUTTONS PG14 101 configured as
external interrupt

General purpose

D16 PE5 102 /0
D17 PE12 131 General purpose
/0
LEDs - D18 PH2 120 GeneralllopurpOSe
D19 PE13 84 General purpose
1/0
D20 PE14 50 General purpose
1/10
231 How to configure SPI protocol in AutoDevKit Studio to use the AEK-MCU-C4MINI1 with a

functional board.

Step 1. In Table 1. Pins and related configurations, identify which SPI connector to use (for example, CN14
associated with SPI_7).
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Step 2. In AutoDevKit Studio, select the low-level drivers from the Project explorer section.

Figure 46. Low-level drivers

&7 workspace - 4mini/configuration.xml - AutoDevKitStudio

File Edit Navigate Search Project Run Window Help
ORISR Tal L @as0iQ~ig~il

&5 Project Explorer 33] s E
BV @b |&al+==935 8
v @ 4mini ~

v & Application Name
@1 SPC58ECxx Platform Component RLA
& SPC58ECxx Init Package Component RLA
% SPC58ECxx Low Level Drivers Component RLA
21 [Dep] SPC58ECxx Board Initialization Compone
@& [Dep] SPC58ECxx Clock Component RLA
& [Dep] SPC58ECxx IRQ Component RLA
= [Dep] SPC58ECxx OSAL Component RLA
* 2 components
» 2 source
> & pclint
» = UDE
= application.ld
&j configuration.xml v
£ >

Step 3.  In the Outline tab, select “Enabled drivers”.

Figure 47. Enabled drivers

&= Outline £ | gle § =0
v % SPC58ECxx Low Level Drivers Component RLA A
> on IRQ Priority Settings
> on eDMA Settings
> o&n eDMA_MUX Settings
%, DSPI and 12S Settings
& LINFlex Settings
& MCAN Settings

v

v

v
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Step 4. In the “Application configuration” window, tick the SPI checkbox.

Figure 48. SPI driver enablement

&7 workspace - 4mini/configuration.xml - AutoDevKitStudio
File Edit Navigate Search Project Run Window Help
BvEHQ@eiSH Tal$L @a0QAvisviivilvoovyo vt

& Project Explorer | 2 | & Application Name % | & mainc | =
(=] % a) - S
~ & Application r\i:j P — E 5 Application Configuration -0 sE
& SPCSBECxx Platform Component RLA SPCS8ECx Low Level Drivers Component RLA EEEEA - TR
?_ SPC58ECxx Init Package Component RLA SPC58ECxx Low Level Drivers options and settings.
iSRG GorbowPevelIDiivers[ComponentRUA == Copyright (C) STMicroelectronics. All rights reserved.
23 [Dep] SPC58ECxx Board Initialization Compone: [&)
@ [Dep] SPCS8ECxx Clock Component RLA
& [Dep] SPCSBECxx IRQ Component RLA Enabled Drivers
# [Dep] SPCS8ECxx OSAL Component RLA Select which drivers are needed in your application. Disabled drivers take no system resources.
> & components DMA SARADC [] caNn [0
> @ source Serial [] PIT O ssv O
> &:pdint ec O swr O
mSUDE cRC [ Fccu O pwm [
Eapphcaw."ld icu O wkpu [ un O
i configuration.xml
@ maine v s O sema4 [ ric [
< > scTu [ cvey [ Memu [J
& Outline | Eec2 8 =0
~ % SPC58ECxx Low Level Drivers Component RLA ~
% Enabled Drivers
> & IRQ Priority Settings
> o eDMA Settings

Step 5. In the “Outline” tab, double-click on “DSPI and 12S settings”.

Figure 49. DSPI and I12S settings

&7 workspace - 4mini/configuration.xml - AutoDevKitStudio
File Edit Navigate Search Project Run Window Help
HvyEHdRiIC B HTARFL @VO QU iy vil
(&5 Project Explorer 2 ‘ B
ey iav|Bal+=9%0¢
v & Application Name
%1 SPC58ECxx Platform Component RLA
 SPC58ECxx Init Package Component RLA
7% SPC58ECxx Low Level Drivers Component RLA
21 [Dep] SPC58ECxx Board Initialization Compone
@ [Dep] SPC58ECxx Clock Component RLA
& [Dep] SPC58ECxx IRQ Component RLA
# [Dep] SPC58ECxx OSAL Component RLA
> (& components

> oo| O

> & source
> & pdlint
> &= UDE
2 application.ld
& configuration.xml

[9 main.c v
< >
& Outline Be> § =0
v % SPC58ECxx Low Level Drivers Component RLA A

% Enabled Drivers
> b IRQ Priority Settings
> oh eDMA Settings 5
> o eDMA_MUX Settings L
| > %, DSPland 125 Settingsl [
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Step 6. In the “Application configuration” window, in the “Select” section, select the SPI related to the selected
connector (CN14 is related to SPI7).

Figure 50. SPI selection

|| b7 Application Name 2 | (& main.c l o
5 Application Configuration -0
SPC58ECxx Low Level Drivers Component RLA 2= 1 le~vE~

SPC58ECxx Low Level Drivers options and settings.

g Copyright (C) STMicroelectronics. All rights reserved.
o

DSPI and 12S Settings
DSPI Settings.

Select

Select the DSPIs to be used as SPI driver or 12S driver. NONE means disabled. Each used DSPI increases
the required memory space.

DSPI0 'None ~ | DSPI'1 None i

DSPI 2 |None ~| DsPI3 None v

DSPI4 None ~ | DSPI5 None M

DSPI 6 None v rDSPI 7 |SPI 2 I

SPI Settings

APl and DMA

- o . . - . =] - e . M

Step 7. Scroll down from the same window and, in the "SPI Configurations" section, click on the green + icon.

Figure 51. Adding new configuration

DSPI 7 - PCS2 |Inactive High ~  DSPI7 - PCS3 |Inactive High 2
DSPI 7 - PCS4 | Inactive High v DSPI7 - PCS5 |Inactive High V.
DSPI 7 - PCS6 | Inactive High v DSPI7 - PCS7 Inactive High 7

SPI Configurations
SPI driver configurations definition.

A SPI configuration is a structure that describes the SPI driver working parameters, the structures and the
required definitions are automatically generated.

Configs -¢ 3
#  Symbolic Name Mode Clock Polarity Clock Phase Frame Size Frame Ordering
0  configuration_name Mas... Low Leading E... 8 bits MSB first
12S Settings v
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Step 8.  Double-click on the newly created row to open the "Application Configuration" and configure the SPI
according to your application needs.

Figure 52. SPI configuration

v fivoove v

L & *Application Name & [ 9 main.c l - =
.|| 57 Application Configuration -0
SPC58ECxx Low Level Drivers Component RLA EtelevyR@y

SPC58ECxx Low Level Drivers options and settings.

SPI Configuration Settings [0]

Settings related to the SPI configuration. Please, note that Timings are settable only in Master mode. In Slave
mode, the timings depend on the settings of the Master DSPI.

Symbolic Name I configuration_name |

Mode ‘Master v ‘
Transfer
Clock Polarity ’Low v ‘
Clock Phase ’Leading Edge N ‘
' Frame Size ’8 bits v ‘
Frame Ordering ’MSB first v ‘

i ||

Big Endian O
Timings

Clock and timing related settings. Note that the default settings are functional but changes must be carefully v

Wl General | & Configuration|

Step 9.  Click on the “Save all” icon.

Figure 53. Saving your configuration

&7 workspace - 4mini/configuration.xml - AutoDevKitStudio
File Edit Navigate Search Project Run Window Help
mrEeleicsiassracoavisvic
(&5 Project Explorer 2 ‘ B
BEV av|Ba|+=00¢

> oo| O

v & 4mini
v & Application Name
41 SPC58ECxx Platform Component RLA
& SPC58ECxx Init Package Component RLA
% SPC58ECxx Low Level Drivers Component RLA
21 [Dep] SPC58ECxx Board Initialization Compone
@& [Dep] SPC58ECxx Clock Component RLA
& [Dep] SPC58ECxx IRQ Component RLA
#= [Dep] SPC58ECxx OSAL Component RLA
# components
& source
& pclint
& UDE
= application.ld

v v v v

w configuration.xml v
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Step 10. Generate your application code.

Figure 54. Application code generation

& workspace - 4mini/configuration.xml - AutoDevKitStudio

u]
X

File Edit Navigate Search Project Run Window Help
NvERKPICB TR FL @IOAviIviliviivobvyD v

Q e84
& Project Explorer | = O || *Application Name & | & main.c = 2|/ Common tasks &2 | @ Project Overview o
BB av|Bal+=¢0 & . . . Al 5
& 4mini ~ || 6 Application Configuration - F Starter a“'°_"5 _
o How to start with SPC5Studio
v & Application Name SPCSBECxx Low Level Drivers Component RLA EoeclevE~ o
& SPCSBECkx Platform Component RLA SPCSBECHx Low Level Drivers options and settings. ) Create new SPCS application
© SPCSBECxx Init Package Component RLA @ Import samples from application ibrary
% SPCSBECxx Low Level Drivers Component RLA s
£ [Dep) SPCSBECkx Board Initialization Compone Settings related to the SPI configuration. Please, note that Timings are settable only in Master mode. In Slave PR e g
@ [Dep] SPCS8ECxx Clock Component RLA mode, the timings depend on the settings of the Master DSPI. Here are the available editors on the selected
& [Dep] SPCSBECxx IRQ Component RLA Symbolic Name | configuration_name application
* [Dep] SPCSBECxx OSAL C t RLA
[Dep] 300 omponen Mode Master v @ spcsseC_aM MU wizard
> & components
> @ source Transfer Q PinMap editor
> & pdlint Clock Polarity  Low v @) SPCSBEC 4M dlock tree
> & UDE
& application.ld Clock Phase |Leading Edge i Code centric actions
& confiquration.xml 7 fomesze [T > Actions to handle code generation, build and
< > debug
o0 Bl § -0 Frame Ordering |MSB first v
& Outline = | _ G S & i application code,
v % SPCS8ECxx Low Level Drivers Component RLA ~ Big Endian O overwriting all previous content.
£ Enabled Drivers — Compile your application
> & IRQ Priority Settings i g, pleyourapp )
+ 2 eDMA Settings Clock and timing related settings. Note that the default settings are functional but changes must be carefully V| 3 Execute and debug your application.
> £ eDMA_MUX Settings W General = Configuration
- = " €3 Clean files.
» £ DSPl and 125 Settings  Console| T Properties & 2! Problems| & Tasks|
> & LINFlex Settings ] —
ipti SPCS5 Property Description
> & MCAN Settings Description e =
> & PIT Settings Advanced PCS assertion to SCK time divider.
> & STM Settings Specific
> & SWT Settings User annotation

> & CRC Settings

Step 11.  Open your main.c file under the Project Explorer and implement your application.

Figure 55. Application implementation

& workspace - 4mini/main.c - AutoDevKitStudio

File Edit Source Refactor Navigate Search Project Run Window Help

A HE A AR AN LA RS- RS viivoove v |
G Project Exploreri'é" = O | &i *Application Name [@ main.cﬁ‘ S|4
E%?“hlﬁ] g‘ o= ,§< § -/****X*********************************************************************** A
@ [Dep] SPC58ECxx Clock Component RLA A * N
& [Dep] SPCS8ECxx IRQ Component RLA * Copyright A© 2015-2021 STMicroelectronics - All Rights Reserved
*
.
[DeplSPES8EC OSAL Component RLA, * This software is licensed under SLA@098 terms that can be found in the
» @ components * DM@@779817_1_0.pdf file in the licenses directory of this software product.
> & source *
> & pclint * THIS SOFTWARE IS DISTRIBUTED "AS IS," AND ALL WARRANTIES ARE DISCLAIMED,
> & UDE * INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.
*
[ ration.xml

c ©/* Inclusion of the main header files of all the imported components in the
L& Makefile order specified in the application wizard. The file is generated

automatically.*/
8 patchm #include "components.h"
5 readme.txt
2 user.mak o/*
> &S SPCS8ECxx_RLA AEK_LCD_LVGL Test Application v * Application entry point.
< > */
=int main(void
SEOuﬂinezz[ BERYo% § =0 ain( )
U components.h /* Initialization of all the imported components in the order specified in
o main(void) : int the application wizard. The function is generated automatically.*/
componentsInit();

/* lincammant +ha halaw rantina +a Fnahla Tntarrinte %/ >
© Console | Properties & LﬂProblems‘E‘Tasks| ¢®§=0o
main.c - 4mini

. A
Resource Property Value
v Info
derived false
editable true v
K >
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3 Available demos for AEK-MCU-C4MINI1

The following demos are available for the AEK-MCU-C4MINI1 board:
AEK_MCU_C4MINI-VNH7040AY Test Application for Discovery
AEK_MCU_C4MINI-AEK_MOT_2DCxxx Test Application for Discovery
AEK_MCU_C4MINI-AEK-COM-GNSST31 Test Application for Discovery
AEK_MCU_C4MINI — SPSB081 Test Application for Discovery
AEK_MCU_C4MINI_AEK_LCD-DT028V1 — LCD Touch — Test Application
AEK_MCU_C4MINI-VND7E040AJTR Test Application for Discovery

7. AEK_MCU_C4MINI-MainEcuForBLDCControl-L9908 — Test Application

The aim of these demos is to show how to use the AEK-MCU-C4MINI1 board and to facilitate its first usage,
bearing in mind that currently, to use the functional boards of the AutoDevKit ecosystem, it is necessary to start
from these demos and, if necessary, modify them according to the specifications required by the application to be
implemented.

o0k wNh =
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4 How import a demo for AEK-MCU-C4MINI1

To import a demo into Autodevkit Studio, follow these steps:

Step 1. Click on the icon Import samples from application library

Figure 56. Starter action tab

~ Starter actions
How to start with SPC5Studio

@ Create new SPC%plication

@ Import samples from application library §

Editors for ‘Application Name'

Step 2. In the SPC5Studio Wizard window, fill in all the drop-down boxes as shown in the image below in step
1, then select Next.

Figure 57. Import application wizard step1

& spesstudio Wizard m] >4

SPC5Studio Wizard Ly

Import Application(s) from SPC55tudio Application template library.

&i spc5Studio Import application Wizard

Step 1:

o Select a family:

SPC58 2

Select a product line:

CHORUS4M-Line 54
Select a device: ©
All devices =

Select an evaluation board:

PCSBECADPT10) PCSBEC-DISP EK-MCU-CAMIITY F PCSBEC-DI AEK-MCU-CAMINITA

o .0
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Step 3.

In the SPC5Studio Wizard window, type C4Mini in the “Choose your sample application” text box,

select the demo you want to import into AutoDevKit Studio and click the Finish button.

Figure 58. Import application wizard step2

& SpCS5Studio Wizard

o X
SPCSStudio Wizard IST]
Filter through the available SPCS application templates in SPC5Studio library. -
&1 spcsstudio Import application Wizard a
Step 2:
Template library for selected lines / evaluation boards.
Select your search parameters:
| Board Drivers RTOS A
| OSPCS8ECKX_DIS O PAL O OSless
I O SPCS8EC_DIS © SERIAL O FreeRTOS
O SPCSBECKX_DISP O PIT
| O SPCS8ECKX _EVB O EIRQ v
[ Choose your sample application: !_CdMlni ] ®
Application Name Description Devices Board  Drivers RIOS _ Shield
/1 AEK_MCU_CAMINI-VNH7040AY Test A... Test application for the SPCSBECxx.. SPCSBEC.. SPCS8.. PWM .. OSless
[T] AEK_MCU_CAMINI-AEK_MOT 2DCiox T... Test application for the SPCS8ECic... SPCSEEC.. SPCS8.. ADCP.. OSless
[C] AEK_MCU_CAMINI-AEK-COM-GNSST3... Test application for the SPCS8ECice.. SPCSEEC.. SPCS8.. Serial.. OSless
[C] AEK_MCU_CAMINI - SPSB081 test appl... Test application for the SPCSBECi.. SPCSBEC.. SPC58.. PITPA.. OSless
O AEK-MCU-C4MINI_ AEK-LCD-DT028V1... Test application for the SPC58ECxx... SPCSBEC.. SPC58.. SPIPAL OSless
[[] AEK-MCU-CAMINI-VND7EO40AITR Tes... Test application for the SPC58ECkx.. SPCSBEC.. SPC58.. ADCP.. OSless
\ [[] AEK-MCU-CAMINI-MainEcuforBLDCCo... Test application for the SPCS8ECxx.. SPCSEEC.. SPCSS.. CANS. OSless
‘7’ agueriea v
T (I
Step 4. The selected project is now imported to the Project Explorer Tab, select SPC58ECxx Platform
Componnet RLA and compile the project and download it to the AEK-MCU-C4MINIA1.
Figure 59. AutoDevKit Studio main screen
%mm Explore = SEvIavaals - \\ 7 AEK MCU_CAMINI-VNHT04OAY Tes Applcation or Discovery = 5[[® Commontasks [ Poject Overview] i
& AEKMCU.CAMINI-VNH7O40AY Test Application for Discovery * | 5 Application Configuration 5 A - Starter actions

alication for Discovery

SPCSBECxx Platform Component RLA (33
SPCSECxx platform options and settings.
L Copyrioht (O STMicoelectronics. Alights reserved.

= g% Component
@ SPCSBECux Init Package Component RLA

7 SPCSBECxx Low Level Drivers Component RLA

# AEK EV-VNHxT200 Component RLA

.1 Board wizard component

2] SPCSBECx Board Iniialization Component RLA

Platform Settings
Platform-related settings.
SPCSBECx Clock Component RLA Choose MCU |SPCSBECBOES dual €20024 4M S12kRAM eTQFP144 v
* [Dep] SPCSBECx« IRQ Component RLA

.1 SPCSBECkx OSAL Component RLA

°
e

core [ 20024 core.

RAM size 51248

Flash size (Code) 4 M8 Flash size (Data) 128 kB (4.x 32 k&)

Package CTQRP 144

> & UDE
» applicationld
& configurationxmi

@ mainc

5 Makefile
* patchml

2 Outline =
4 SPCSBECx« Platform Component RLA
Platform Settings

. Runtime Settings

Id Settings

4 Linker Settings

EMCU Group

B General| = Configuration
© Console |7 Properties | Problems | Tasks| X
SPCS Console

“o-ov-o6
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How o start with SPCSStudio
@ Creote new SPCS appication
@ moortsamples from applcation ey
itors for ‘AEK MCU_CAMING VNHTOOAY Test Applicationfor Di
Here re th avalble edors on theselected pplcation
@ spcsscc am MU iaad
@ Pt edtor
@ spcssic am dock e
@ 57CS8EC aM Minbord view

Code centric actions
Actions to handle code generation, build and debug

g Cenerate applcaton code,
ovenwiting al previous content

‘Compile your application.

£ Execute and debug your application.
£ Clean gencrated fes

page 46/79




(=
=
w
»
a
=)
]

]
o

<

N

6./Lp abed

5

Schematic diagrams

AEK-MCU-C4MINII_uC_Power Management
AEK-MCU-CAMINII_uC_Power

Internal Supply

AEK-MCU-CAMINII_USB Debugger
D

AEK-MCU-CAMINII_USB D
USB_UART C.‘

USB_ITAG

AEK-MCU-CAMINII_ITAG and Reset
AEK-MCU-CAMINII_JTAG and Reset.Scl

RESET

RESET

Figure 60. AEK-MCU-C4MINI1 circuit schematic (1 of 12)

AEK-MCU-CAMINII_Part I_Power Management
AEK-MCU-CAMINII_Part |_Power

AEK-MCU-C4MINII_Ext_Power Management

AEK-MCU-C4MINII_Ext_Power M:

{© Internal Supply

O Extemal Supply

AEK-MCU-C4MINII_Chorus_Part 2_10 Signals
AEK-MCU-C4MINII_Chorus Part2 10 Signals SchDoc

FULL_BRIDGE
HS_DRIVERI
(O USB_UART

HS_DRIVER2 (_T

O 1TAG

O RESET COoN2

LED

Display

LIN_UART

AEK-MCU-CAMINII_Output Connector
AEK-MCU-CAMINI1_Output C

AEK-MCU-CAMINII_Full_Bridge
AEK-MCU-C4MINII_Full

(O FULL_BRIDGE

AEK-MCU-CAMINII_HS_Drivers
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Figure 61. AEK-MCU-C4MINI1

circuit schematic (2 of 12)
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Figure 62. AEK-MCU-C4MINI1 circuit schematic (3 of 12)
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w
g ute
o Pa0 1 14 cont TAG
B PAL 110 "::ﬁ PE{1 15 B11 DL
) i a— Pe 5 e o
(] 1con PALY PEIS] 02 Toup
< 101 PA[5] JTAG-NTRST_PD (JCOMP) PE(] [102
= I PA[G] JTAG-TCK PE(T) [oF 1
I PA[7]UTAG-TMS PE(8] o8 0
o PA[B] JTAG-TDI PE(g] (08 L EMIOST ..
AT0 75| PAISTAG-TDO PEO] 12— prnn N Vel Y
T 79| P PEC 37 EL2 V3 B V3 E
z ] Al PENZ 157 T con2 PR
ATT 717 PAIT2] PE[T3] 55 3 Cia i —
AL PA[13] PE[14] 52 s s Gpiont L
ALS 77 PALM PE[15] FULL_BRIDGE T geol
PA[15] P - TIMERS
fL — mvery M 1oseiovosi
3 PGIT V3 B GVIE ] TR
£Bo L1 peyo e [ fa L INTERRUPTS
PBI a2 147 P PGS PE3 Dspil
ot 10 P2 4% = INTERRUPT4 L
2 res
i PB[4) PE(7] & CON3 o {bseumiso
P 2 PB[6) PF( < DSPI MOSI
P57 R o . s i V3 B GV3E
TBS ey i 0 arios VB v ] v
PBY I [ T HS_DRIVERI GND 5V_Ext
I PB[o] PF{1] L o8 GND
I PB[10] PF[12 < e
PB(1] PF[13] < L
PF[14]
PF[15) 2 T P {psercs ) P52
m Joscs:
c 1 el D0 e
2 1 pciy o —{bseocik
12 pcjn) ol i loseowiso
re Po{1 Lol M ——vrrf DSPRMOSI
18] PG(2 Lo Bt OVIE] 33 by
5V v VD
PCle] Pai £ IE SV
= PC[5] PG[4] - L1 GND
R147 0 PGS
< PCl6] PGIs] ULt 208
< Pemn PGI6] R -
< 16l PG RSSO psees
< ] PCl PG[10) - DSPI3CSI
32 oy [ o DSPI3 CS2
381 peim Po[12] [0 —TO12 cros| cror : DSPI3 CLK
31 peiz) PG[13] [0 o = HS_DRIVER2 DSPI3 MISO
PC[13] PG14) Nw NN N PIS - DsP3 Mos
25 peja) Paits] 114 13 100F | 1007 | 100¢ [ 10nF  PDIZ_] INPUTO cons SR B OB 5v3 ke
PC[15] PEL iy DT x 5V Ext
L L L B seio @
B Jes
pHio) |16 pHo  OND GND GND GND ST N
PDO 128 (0 7 PHT 1 OPEN_LOAD) DSPIS
DI Tor] POl P 20 ——pm ND
D2 126 ool it o VLGV
PDi 705| ool V3 B (V3]
D3 706| PO
PO[s]
PDo 86 g
D7 85| POlOl pil B
D 6o | o o s PR i
2] b o PR CcoNe 0
D10 53] POl i r—T) GND DSPIS MOST
DIT 53| PO ol RigT e 0PI GND
DIz 7] POl o} Riss e 0 PI6 GND
D13 18] POl ] . w195 e 0 PI] ND GND . DsPI7
Dis | ot i T NV B GVE) VoV 9
VDD_HY_I0_ Miin PDIS 2 W DT SV T VAL V3 Ex OVBE] g
B 2 ppjig PIlg] Sl e V3 Bt
e croe| cros| caoo S S Ibsircst
= = NI GVD 5y B {psecs:
N [N W | N | | N L Joseicik
- 1 a o PKlo] |22 EKO o0 | 100 | 100k | 10nf | 1007 | 1onF e lpseimiso
RESET S —~__4 PORST PK(1] 25— PKL__ BB oseiomosi
Coser priie] [1B PR = == : oo con?
GRD GXD GRD GND GND GND o .
VDD_HV_I0_Main |-R12wm MM TestMode 94 | TESTMODE 10 ois e s CANOTX
Ri6 PLIg] IV3 B0 OVIET] = CANORX
3V b GVaE) [V -
g — Bean BN
EXTAL M0 (4 —FMo V3 Ext i
2 PMI2) 25— pwa Pl CAN4TX
g PMi4] feem—
5 [ Y LIN_UART
i oM 98 M4 PCs
(1] by LINIRX
S8xCunES / SPCSIACRES / SECSEXBRAES Port Fins LINITX 2SR pm—
~ /'3 /'3 ‘SPCSBECBOESQMCOY PAI3 UART RX TWR DC ispiay_RES
i1 8(3 B —
s UART sa05937
PDI
7Dz ToC 3

°
()

Q
[
a
(=3
=
~
©

sweibelp ojewayog

0SEECINN




(=
=
w
»
a
=)
]

]
o

<

-

6./1G abed

Figure 64. AEK-MCU-C4MINI1 circuit schematic (5 of 12)
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Figure 65. AEK-MCU-C4MINI1 circuit schematic (6 of 12)
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Figure 66. AEK-MCU-C4MINI1 circuit schematic (7 of 12)

VDD HV 10 MAIN . . o 3V3 uC

c
w
w . .
3
' cia o oz o1 cue
5V uC
) W] toonF R B8 —._C 1o0F
] 5V_uc| Glosed__
S 1
- GiD GND  GND = é‘;\?D
= B PE3
2 3 Cs
B PKIZ T Ree 4] Roe
B WR DC T DC
R 10K 3 B_PKO
4] SDI (MOSI)
Rz 10K 4 CaTE SCK
Display B PE2 I kL ight LEDBacklight
Display_RESET A FKI4 5 = = - $D&w\so;
B PG2 1] 1o
Display WR_DC WR DC 6 [ 19 BPKI4 = E 5 17 108
GND w77 o 3 1
Display_CS_LCD A PE3 71 as B4 |18 B WRDC b PDI3 ] 100
" . A PG2 8 17 B PE3 -
Display_CS_Touch [ 85 LCD: Bottom Side T 19341
Display_CLK APKL 91 a7 g6 |16 BPG2
Display_MOSI A PKO 10 | ag B7 |15 BPKI
cur
SV_uC
1000
SV uC—SB18_——~._Closed
1 vee
B PE3 i
B PKZ T Rese 4| Roset
BWR DC T DC B
B PKO
B PKI SDI (MOSI)
TFT Bk izt .
I LED Backlight
Display_MISO B PE) 0 msS)
[re o il K
B PG2 1] 108
4 5 | R79. o 2] 1o
GND DR Re0. o 3 100
o Sz B PDI3 LN
LCD: Top Side TR 931
VDD_HV_IO_Main} VDD_HV_IO_Main}
TR C O O o | P P o
oz
&0 680 o0 o0 60 1000 PAO 5520 —_ciosea) ™ oK oK oK oK 100nF
PAI 5821~ _Closed
016 X017 W18 NPT o2 e i o =
§ A ANV ANGHER. ANGHER ARG ANGG = T 5823 —_Closed
LED ‘Amber ‘Amber ‘Amber ‘Amber Amber  OND PGI 5824 — _Closed
s lg silg s lg wlg sle
+ : + : { : * : * :

GND GND GND

°
()

Q
[
(3]
o«
=
~
©

sweibelp ojewayog

0SEECINN



=
w
»
a
=)
]

]
o

<

-

6./pS abed

CAN

CAN

Figure 67. AEK-MCU-C4MINI1 circuit schematic (8 of 12)
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Figure 68. AEK-MCU-C4MINI1 circuit schematic (9 of 12)
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Figure 69. AEK-MCU-C4MINI1 circuit schematic (10 of 12)
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Figure 70. AEK-MCU-C4MINI1 circuit schematic (11 of 12)
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Figure 71. AEK-MCU-C4MINI1 circuit schematic (12 of 12)
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6 Board versions

Table 2. AEK-MCU-C4MINI1 versions

Finished good Schematic diagrams Bill of materials

AEK$MCU-C4MINI1A™ AEK$MCU-C4MINI1A schematic diagrams AEK$MCU-C4MINI1A bill of materials

1. This code identifies the AEK-MCU-C4MINI1 evaluation board first version. It is printed on the board PCB.
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7 Bill of materials

Table 3. AEK-MCU-C4MINI1 bill of materials

C1, C4, C7,
9, C11,

C13, C15,

C17, C19,

ggg: ggg: 10nF ?(3%3&22;/ oWE 885012206089
€30, C33,

€36, C39,

c191,

€193, C195

C2, C5, C8,
C10, C12,
C14, C16,
C18, C21,
C32, C35,
C38, C51,
C52, C53,
C54, C59,
C60, Co1,
C62, C63,
C64, C65,
C66, C67,
C68, C69,
C70,CT71,
C72,C73,
C74, C75,
C77,C79,
C81, C84,
C87, C93,
C96, C103,
C105,
C109,
C110, C111,
C112,
C115,
C116, 0603 - 50V -
c17 100nF X7R Class Il WE 885012206095
C119,
C120,
C122,
C123,
C124,
C125,
C129,
C130,
C134,
C135,
C139,
C142,
C144,
C147,
C149,
C152,
C158,
C163,
C170,
C174,
C179,
C180,
C183,
C184,
C192, C194
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1206 - 25V -

C3,C6 1.5uF X7R Class Il 885012208065
C22, C31, 1206 - 25V -
4 3 o34 2.2uF X7R Class 1| | WE 885012208066
C23, C25,
C27, C29, 0603 - 50V -
5 8 o7, G106, 47nF 7R Class I | WE 885012206093
C164, C175
1206 - 50V -
6 2 C37,C178  4.7uF X7R Class | | WE 885012208094
C40, C41,
C42, CA43,
C44, C45,
C46, C88,
C94, C108, 0603 - 50V -
C140, X7R Class I,
7 19 C153, N.M. 0603 - xxV - | WE, [NoValue] N.A.
C159, xxxx, 0603 -
c177, 50V - X7R
C196,
c197,
C198,
€199, C200
C47, C48, 0603 - 50V -
8 4 C49. 050 22pF NPO Class | | WE 885012006053
C55, C76,
C78, C85, 1206 - 50V -
9 7 143, 10uF X5R WE 885012108022
C145, C150
0805 - 25V -
10 2 C56,C57  4.7uF X5R Class | | WE 885012107018
0805 - 25V -
1 1 c58 3.3uF X5R Class | | WE 885012107017
€80, C92,
€95, C102,
C104,
C146,
c157,
C160,
12 16 c161, 22uF 1210-25V- e 885012109014
X5R Class Il
Cc162,
C169,
c171,
c172,
C173,
€201, C202
C82, C113,
13 5 C114, 1uF ?((;%Séégzl'l WE 885012206076
C118, C121
Electrolytic
14 4 €83, C148,  »o0uF Cap-50V-  WE 865080657018
C181, C182
10x10.5
1206 - 25V -
15 2 C86,C151  3.3uF X7R Class | | WE 885012208067
€89, C90,
€99, C100, 0603 - 50V -
16 7 155, 6.8nF X7R Class | | WE 885012206088
C166, C167
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C91, C101, 0603 - 50V -

C156 68pF NPO Class | 885012006056
C98, C107, 0603 - 50V -
18 4 C165, C176 220pF X7R Class Il WE 885012206079
C126,
C128,
19 6 C131, 47pF 0603 - 50V - WE 885012006055
NPO Class |
C133,
C136, C138
C127, 0603 - 50V -
20 3 C132. C137 4.7nF X7R Class Il WE 885012206087
0603 - 50V -
21 1 C141 1nF X7R Class Il WE 885012206083
0603 - 50V - CGA3E2C0G1H822J080
22 1 C154 8.2nF NPO TDK AA
C168,
C185,
C186, 0603 - 50V -
23 7 c187, 100pF X7R Class Il WE 885012206077
C188,
C189, C190
CN1, CN2,
CN3, CN4,
o e
24 13 CN9. CN10, ﬁ;\:e- KK254 -  WE 61900811121
CN11,
CN12,
CN14
CN13,
gm; 2.54mm - 1
25 6 CN19’ row - KK254 -  WE 61900211121
CN20. Male
CN21
WR-PHD
Socket
CN15, Header, THT,
26 2 CN16 61301411821 Vertical, pitch WE 61301411821
2.54mm, 1
Row, 14P
D1, D2, D3,
D4, D5, D6,
D10, D11,
27 16 D12, D13, Green g?'ggr; !‘gdzv WE 150080GS75000
D14, D23, '
D24, D25,
D26, D27
SMATVS -
28 1 D7 SMAJ24A-TR, SMA 24VDC - ST SMAJ24A-TR
Unidirectional
12V Zener
29 1 D8 MMBZ5242BLT1G Voltage Onsemi MMBZ5242BLT1G
Regulators,
225mW
3.3V Zener
Voltage .
30 2 D9, D22 MMSZ4684T1G Onsemi MMSZ4684T1G
Regulators,
500mwW
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D15, D34, 0805 - Led
D37 Red Red - 2V WE 150080RS75000

D16, D17,
32 5 D18, D19,  Amber 0805 - Led WE 150080AS75000
D20 Amber - 2V

Standard
33 1 D21 GF1A Rectifier, 50V, | Onsemi GF1A
1A

0603 - Bi-
color Chip
34 1 D28 Green&Red LED Compact WE 150060RV75240
Green&Red -
2V

SOD-123
FLAT
Automotive
low drop
s 4 D900 STRSILGZFY poer ST STPS1L60ZFY
Schottky
rectifier -
60VDC -
Unidirectional
36 2 D33,036  Blue 0805-Led = e 150080BS75000
Blue - 3.2V
1A, Super
Fast
37 2 D35, D38 ES1D-L Recovery MCC ES1D-L
Rectifier 50 to
600 Volts

437 Series —
38 2 F1, F2 0437003.WRA 1206 Fast- LittleFuse 0437003.WRA
Acting Fuse

DC - Power
39 1 J1 694106301002 Jack 12V 5A | WE 694106301002
2.1mm

5.08mm -
WR-TBL
40 1 J2 Series 2135- WE 691213510002
Horizontal
Entry Modular

2.54mm -
IDC, Male
41 1 J3 61201421621 Box Header WE 61201421621
WR-BHD,
THT, Vertical

5.00mm -
WR-TBL
Series 2417
Horizontal
42 1 Ja 691241710004 Entry WE 691241710004
Modular,
Rising Cage
Clamp, THT,
pitch 5mm, 4p
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43

44

45

46

47

48

49

50

51
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1

J5, J6 691103110002

J7 691502710002

J8, J9 691502710003

JP1, JP2,
JP3

JP4, JP5,

JP6, JP7,

JP8, JPY,

JP10, JP11, Closed, 61300211121
JP12, JP13,

P3, P4, P5,

P6, P7, P8

L1, L2, L3,

L4, L5, L8,

L9, L1, 60
L12, L14,

L15

L6, L7, L17  22uH

L10, L13,
L16 51uH
L18 15uH

3.50mm -
WR-TBL
Series 1031
Horizontal
Entry
Modular, THT,
pitch 3.5mm,
2p

5.00mm -

WR-TBL

Serie 5027 WE
Horizontal

Entry Modular

WE

5.00mm -

WR-TBL

Series 5027 -
Horizontal

Entry WE
Modular,

Pressure

Clamp, THT,

pitch 5mm, 3p

THT Vertical 3

pins Header,

Pitch 2.54 WE
mm, Single

Row

2.54mm - Pin
Header, THT,
pitch 2.54mm,
Single Row,
Vertical, 2p,
Closed,
2.54mm -
WR-PHD Pin
Header, THT,
pitch 2.54mm,
Single Row,
Vertical, 2p

WE-CBF SMT
EMI
Suppression
Ferrite Bead.
60 Ohm,
500mA

WE-LHMI

SMT Power
Inductor - 6.6 WE
X 6.6 x4.8 -

2.75A

WE

Common

mode filters
Automotive TDK
signal line

51uH

WE-LHMI

SMT Power
Inductor — 6.6 | WE
X 6.6 x4.8 -

3.5A

691103110002

691502710002

691502710003

61300311121

61300211121

74279267

74437349220

ACT45B-510-2P

74437349150
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52

53

54

55

56

57

58

59

60

61

62

63

64
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L19

P1

P2

Q1

Q2

Q3

Q4

Q5, Q9,
Q11

Q6, Q10,
Q12

Q7,Q8

R1, R31,
R61, R63,
R134, R136

R2, R22,
R69, R108,
R143,
R149,
R150,
R151,
R152,
R153,
R154,
R165, R180

R3, R68

18uH

N.M.

65100516121/
54819-0589

BC848BLT3G

BCP68

STL42P4LLF6,
PowerFLAT 5x6

BC807

BSS84Q

BSS138Q

BC847

3.9K

1K

100K

Semi-shielded
Power
Inductor -
9.8x10 - 3.8A

2.54mm -
WR-PHD Pin
Header, THT,
pitch 2.54mm,
Single Row,
Vertical, 4p

Mini USB 2.0
Type B,
Receptable,
Horizontal,
SMT&THT, 5
Contacts

NPN Bipolar
Transistor
30V 100mA

NPN Bipolar
Transistor
20V 2A

P-channel -40
V, 0.0155
Ohm, -42 A,
Power
MOSFET in a
PowerFLAT
5x6 package

PNP Bipolar
Transistor
45V 500mA

P-Channel
Enhancement
Mosfet

N-Channel
Enhancement
Mosfet

NPN Bipolar
Transistor
45V 100mA

0603 - 1% -
0.1W

0603 - +1% -
0.25W

0603 - +1% -
0.25W

Bourns

WE

WE / MOLEX

Onsemi

Nexperia

ST

Nexperia

DIODES

NEXPERIA

Nexperia

Panasonic

Panasonic

Panasonic

SRN1060-180M

N.A.

65100516121/
54819-0589

BC848BLT3G

BCP68

STL42P4LLF6

BC807

BSS84Q-7-F

BSS138Q-7-F

BC847

ERJ3EKF3901V

ERJPA3F1001V

ERJPO3F1003V


https://www.st.com/en/power-transistors/stl42p4llf6.html
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R4, R5, R6,
R7, R8, R9,
R10, R11,
R12, R13,
R17, R18,
R29, R37,
R43, R75,
R76, R77,
R78, R79,
R80, R106,
R116,
R147,
R148,
R193,
R194,
R195, SB1,
SB2, SB3,
SB4, SB5,
SB6, SB7,
SB8, SB9,
SB10,
SB11,

65 62 SB12,
SB13,
SB14,
SB15,
SB16,
SB17,
SB18,
SB19,
SB20,
SB21,
SB22,
SB23,
SB24,
SB25,
SB26,
SB27,
SB28,
SB29,
SB30,
SB31,
SB32,
SB33,
SB34

R14, R25,
R27, R32,
R35, R36,
66 12 R48, R56,
R121,
R129,
R174, R189

R15, R23,
R65, R91,
R95, R96,
67 1 R100,
R101,
R105,
R196, R197
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0, Closed

4.7K

N.M.

0603 - £1% -

0.1W, Circuit

Breaker - Panasonic
0603 - £1% -

0.1W

0603 - 1% -

0.25W Panasonic

0603 - xx% -
xxxx, 0603 - N.A.
+1% - 0.2W

ERJ3GEYORO0OV

ERJPA3F4701V

N.A.



‘_ UM3350
'l Bill of materials

R16, R24,
R39 R44.
R50 R52.
R59. R66.
R67 R71.
R72. R73.
R74. R86.
R87. R88.
R89. R90.
R117,
R118, 0603 - £1% -
68 33 R123, 10K 0.2W, 0603 -  Panasonic ERJPO3F1002V
R125. +1% - 0.2W
R132.
R140.
R141.
R144,
R155,
R163.
R164.
R166.
R178.
R179. R181
- 0, -
69 1 R19 12K go0s, 1% - | panasonic ERJ-3EKF1202V
R20, R21, .
70 6 R51 R58. 10 36205?,\',*1/‘" Panasonic ERJPA3F10ROV
R124, R131 :
R26, R30,
R33 R34,
R62. R64. .
71 11 R135, 15K 862053,\',*”‘" Panasonic ERJ-PA3F1501V
R137. :
R162.
R175 R190
- oL -
72 3 2?26%7’ 22K g%’, 1% - | panasonic ERJ-3EKF2201V
- oL -
73 1 R38 20K 861?;’/ 1% - panasonic ERJ-3EKF2002V
- oL -
74 2 R40, R113 464K 861?/?/ 1% - | panasonic ERJ-3EKF4643V
- 0, -
75 2 R41,R114 200K 861(:/3 1% - | panasonic ERJ-3EKF2003V
- 0, -
76 2 R42, R115 180K 862053\/\/*1/" Panasonic ERJ-UP3F1803V
- 0, -
77 3 RIS RO% g go0s, 1% - | panasonic ERJ-3EKF8201V
- 0, -
78 3 R0 R4 220 36205?,\,*1/" Panasonic ERJPA3F2200V
R47, R55,
- 0, -
79 6 Egg 5.1K 3612;\3/ 1% Panasonic ERJ-3EKF5101V
R168, R182
- oL -
80 2 R49. R122  1.24K g%’, 1% - panasonic ERJ-3EKF1241V
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R60, R133,
R145,
R146,
R167,
R169,
R170,
R171, 0603 - +1% - .
81 16 R172. 15K 0.25W Panasonic ERJ-PA3F1502V
R173,
R183,
R184,
R185,
R186,
R187, R188
R70, R81, o
82 6 R82, R83, 680 862053;/\'/11 % - Panasonic ERJPA3F6800V
R84, R85 ’
R92, R93,
83 6 R97,R98, 60.4 ?)612/:\5/ 1% - Panasonic ERJ3EKFG0R4V
R102, R103 )
R94, R99, 0603 - +1% - .
84 3 R104 47K 0.25W Panasonic ERJPA3F4702V
R107,
R109, 0603 - +1% - .
85 5 R110. R111, 100 0.25W Panasonic ERJPA3F1000V
R112
86 1 R119 180 861?,::’/' 1% - | panasonic ERJ-3EKF1800V
R138,
R139, o
87 6 R176, 2K 0603 - 1% - | b hasonic ERJPO3F2001V
0.2W
R177,
R191, R192
R142,
R156,
R157, 0603 - +1% - .
88 7 R158, 33K 0.25W Panasonic ERJ-PA3F3302V
R159,
R160, R161
Slide Switch 2
positions ON- .
89 2 S1, S8 CS12ANWO03 NONE-ON - NKK Switches CS12ANWO03
Set OPEN
S2, S3, 4, .
90 6 S5 6. 57 430152043826 Switch WE 430152043826
2.54mm -
WR-PHD Pin
Header, THT,
91 1 TP6 N.M. pitch 2.54mm, WE N.A.
Single Row,
Vertical, 1p,
Test Point
SPC58EC80E5QMC1X,
92 1 U1 TQFP 144 20x20x1.0 ST SPC58EC80E5QMC1X
USB Hi-
Speed to Dual
Channel )
93 1 u2 FT2232HL Serial UART/ FTDI Chip FT2232HL
FIFO/
JTAG/SPI/12C
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95

96

97

98

99

100
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U3, U4, UG,
u7, u1o0,
u11, U12,
u13

us

us

U9

U14, U23

uU15, U24

u16

SN74LVC1T45DCK

USBLC6-2SC6Y,

SOT23-6L

LD1117S33TR, SOT-223

M93S46-WMNGTP, SO8

LD1117S50TR, SOT-223

L5963DN-EHT,
PowerSSO 36

STM6315SDW13F,
SOT-143 4

Single-Bit
Dual-Supply
Bus
Transceiver
With
Configurable
Voltage
Translation
and 3-State
Outputs

Texas Instruments

Automotive

ESD

protection for | ST
high speed
interfaces.

The
LD1117330TR
is a low drop
voltage
regulator able
to provide up
to 800 mA of
output
current. Vout
is 3.3V.

ST

1Kbit (64x16)
Serial
Microwire Bus
EEPROM
With Block
Protection

The
LD1117S50T
R is a low
drop voltage
regulator able
to provide up
to 800 mA of
output
current. Vout
is 5V.

ST

ST

Automotive

dual

monolithic
switching ST
regulator with

LDO and

HSD

STMICROEL
ECTRONICS

STM6315SD
W13F - Reset
Circuit,
Active-Low,
Open-Drain,
1V to 5.5V,
2.93V
Threshold, 1
Monitor

ST

SN74LVC1T45DCK

USBLC6-2SC6Y

LD1117S33TR

M93S46-WMNGTP

LD1117S50TR

L5963DN-EHT

STM6315SDW13F


https://www.st.com/en/protections-and-emi-filters/usblc6-2sc6y.html
https://www.st.com/en/power-management/ld1117.html
https://www.st.com/en/memories/m93s46-w.html
https://www.st.com/en/power-management/ld1117.html
https://www.st.com/en/automotive-analog-and-power/l5963.html
https://www.st.com/en/reset-and-supervisor-ics/stm6315.html
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u17

u18

u19, U20,
u21

u22

u25

u26, U27

X1

X2

for blister

SN74LXC8T245

SN74LXC2T45

MCP2542WFD

TJA1022T

VNH7040AYTR, PSSO
36

VND7E040AJTR,
PowerSSO 16

830059537

830055999

971150365

SN74LXC8T2
45 8-bit Dual-
Supply Bus
Transceiver
with
Configurable
Level Shifting
and 3-State
Outputs

SN74LXC2T4
5 Dual-Bit
Dual-Supply
Bus
Transceiver
with
Configurable
Level Shifting

CAN FD
Transceiver
with Wake-up
Pattern
(WUP) Option

SMD Dual
LIN 2.2A/SAE
J2602
transceiver

Automotive
fully
integrated H-
bridge motor
driver

Double
channel high-
side driver
with
CurrentSense
analog
feedback for
automotive
applications

WE-XTAL
Quartz
Crystal, SMT,
CFPX-104,
40MHz,
+/-20ppm

WE-XTAL
Quartz
Crystal, SMT,
CFPX-104,
12MHz,
+/-30ppm

WA-SPAIE
Plastic
Spacer Stud,
metric,
internal/
external

Texas Instruments

Texas Instruments

Microchip

NXP
Semiconductors

ST

ST

WE

WE

WE

SN74LXC8T245

SN74LXC2T45

MCP2542WFD

TJA1022T

VNH7040AYTR

VND7E040AJTR

830059537

830055999

971150365


https://www.st.com/en/automotive-analog-and-power/vnh7040ay.html
https://www.st.com/en/automotive-analog-and-power/vnd7e040aj.html
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WA-SPAII
Plastic
Spacer Stud,
metric,
internal/
internal

110 5 for blister 970150365 WE 970150365

WR-WTB
2.54 mm
111 13 for blister 61900811621 Female WE 61900811621
Terminal
Housing

WR-WTB
2.54 mm
112 6 for blister 61900211621 Female WE 61900211621
Terminal
Housing

WR-WTB
113 116 for blister 61900113722 2.54 mm ) WE 61900113722
Female Crimp

Contact

WR-PHD 2.54
mm Jumper
114 14 for blister 609002115121 with Test WE 609002115121
Point &
Pullback

cable from
8pin KK254
Female to
8pin Female
Jumper wire
Breadboard

115 3 for blister custom cables by supplier -

cable from
2pin KK254
Female to
2pin Female
Jumper wire
Breadboard

116 2 for blister custom cables by supplier -
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8 Regulatory compliance information

Notice for US Federal Communication Commission (FCC)

For evaluation only; not FCC approved for resale

FCC NOTICE - This kit is designed to allow:

(1) Product developers to evaluate electronic components, circuitry, or software associated with the kit to
determine

whether to incorporate such items in a finished product and

(2) Software developers to write software applications for use with the end product.

This kit is not a finished product and when assembled may not be resold or otherwise marketed unless all
required FCC equipment authorizations are first obtained. Operation is subject to the condition that this product
not cause harmful interference to licensed radio stations and that this product accept harmful interference. Unless
the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit
must operate under the authority of an FCC license holder or must secure an experimental authorization under
part 5 of this chapter 3.1.2.

Notice for Innovation, Science and Economic Development Canada (ISED)

For evaluation purposes only. This kit generates, uses, and can radiate radio frequency energy and has not been
tested for compliance with the limits of computing devices pursuant to Industry Canada (IC) rules.

A des fins d'évaluation uniquement. Ce kit génére, utilise et peut émettre de I'énergie radiofréquence et n'a pas
été testé pour sa conformité aux limites des appareils informatiques conformément aux régles d'Industrie Canada
(1C).

Notice for the European Union

This device is in conformity with the essential requirements of the Directive 2014/30/EU (EMC) and of the
Directive 2015/863/EU (RoHS).

Notice for the United Kingdom

This device is in compliance with the UK Electromagnetic Compatibility Regulations 2016 (UK S.1. 2016 No. 1091)
and with the Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic Equipment
Regulations 2012 (UK S.1. 2012 No. 3032).
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IMPORTANT NOTICE — READ CAREFULLY

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

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

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

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

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

© 2024 STMicroelectronics — All rights reserved
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