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Lite DCDC System Basis Chip Shield with
TLE9471-3ES for Arduino

Lite SBC Family

About this document

Scope and purpose

This document describes hardware features and the usage of the reference code examples of the Infineon Lite
DCDC System Basis Chip Shield with TLE9471-3ES for Arduino.

Intended audience

This document is intended for software and hardware engineers integrating an Infineon Lite SBC Family device
into their application but also for makers and hobbyists.

Schematic and Layout of the shield can be found on Github:
https://github.com/Infineon/SBC-for-Arduino
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1 Board overview

The Lite DCDC System Basis Chip Shield with TLE9471-3ES for Arduino (in the following document just called
“TLE9471-3ES shield”) features:

e Infineon TLE9471-3ES SBC (1)

e Microchip MCP2515 CAN-SPI controller (2)
e 9pcsWS2812B LEDs (3)

e 6 pinscrew terminal (4)

e 3 configuration jumpers (5)

i R12
¥ R13

L

XD
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1.1 TLE9471
The shield features a TLE9471-3ES Infineon SBC with following functions:

e SPlinterface (SCK: DIO-13, MISO: DIO-12, MOSI: DIO-11, CSN: DIO-8)
e System interrupt on INT1 (DIO-3) for signalization of e.g. level changes on wake-input
e System reset to Arduino reset pin - can be (dis)connected via jumper if not used

e Integrated charge-pump driving the reverse-polarity protected high-side power-mosfets for switching
external loads up to 2.5 Amps

o Integrated CAN transceiver connected to MCP2515 CAN protocol handler with switchable 120 Q
CAN termination

e Powerful 5V/500 mA buck converter driving the MCP2515 and the 9 pcs WS2812B LEDs

e Wake input with external pull-down for wake-up and high-level input voltage sensing

e Fail-output connected to LED D2 for status signalization

e SBC test mode available via jumper connection (no WD trigger via SPI needed to keep the SBC alive)

See more information related to all the features of the TLE9471-3ES on following web page:
https://www.infineon.com/cms/en/product/automotive-system-ic/system-basis-chips-shc/lite-shc-family

1.2 MCP2515

A MCP2515 CAN-SPI protocol handler IC is used to communicate to an external CAN bus via the CAN transceiver
integrated in the TLE9471.

e SPlinterface (SCK: DIO-13, MISO: DIO-12, MOSI: DIO-11, CSN: DIO-9)
e System interrupt on INTO (DIO-2) for signalization of e.g. message-receive events
e CANTX /CANRX connected to TLE9471

1.3 LEDs

The board contains 9 pcs WS2812B LED’s which are supplied by the powerful integrated buck converter of the
TLE9471. The 9 LEDs are connected in series. The first LED is connected to DIO-6.

1.4 Terminals
The screw terminal contains 6 connections:

o WK:
High voltage wake input. A 10 kQ pull-down is populated on the board. A signal between 4V and VBAT
voltage level can be applied here to either wake-up the TLE9471 from sleep-mode or alternatively as high-
voltage input which can be read out via SPI interface.

e CANH:

CAN-HIGH terminal to external CAN bus
e CANL:

CAN-LOW terminal to external CAN bus
e VBAT:

Power supply input (9-12 V)

e GND:
Main ground connection
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o SW:
Output of the high-side mosfets which are driven by the integrated charge-pump of the TLE9471. An external
load up to 2.5 A constant current can be connected here. Also a passive freewheeling diode is assembled on
the board thus inductive loads can be switched off without any risk. The charge pump can be activated
via SPI.

1.5 Jumper configuration

o CAN TERMINATE:
A CAN bus must be properly terminated to ensure communication. This jumper inserts a 120 Q resistor
differentially between CANH and CANL. If CAN bus is already externally terminated and the TLE9471-3ES
shield is connected via a short stub to the bus, the jumper can be left open. If there is only one other node
besides the TLE9471-3ES shield in the CAN network which is terminated, the jumper should be closed as a
CAN network should be always terminated in sum with two times 120 Q=60 Q.

e SBCTEST MODE:
This jumper enables the test mode for the TLE9471-3ES which means that the internal watchdog must not
be triggered via SPI. In case, the jumper is not set and the watchdog is not triggered regularly depending on
the configuration, the device will transit into fail-safe mode which will be indicated by the fail LED (D2).
For normal use with Arduino it is recommended to keep the jumper closed, as Arduino has an integrated
bootloader which needs quite long until the Arduino sketch itself is loaded (> 1 sec). As the SBC expects the
first watchdog trigger at least after 200 ms after startup, a proper startup is not possible. If the shield is used
with other microcontrollers which ensure triggering of the WD in the timeframe of 200 ms after startup, the
jumper can be left open. See datasheet of TLE9471-3ES for more details.

e SBC RESET ACTIVE:
The SBC features a reset output pin to ensure a safe startup of the microcontroller. The reset is toggled low
for approx. 2 ms after the internal buck regulator voltage is stable (as the microcontroller is usually supplied
by the SBC). In case the jumper is set, the SBC will have control over the reset of the Arduino. This means
after a power-on, the reset is toggled and the firmware is started. But also in case, the SBC is in sleep-mode,
the reset will be kept low all the time to save current. For normal application use cases, the jumper should
be closed. During debugging of the code this could lead to the problem, that the Arduino-IDE cannot flash
the software to the Arduino. Therefore the jumper should be open.
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2 Code examples
There are code examples available for the TLE9471-3ES shield on Github.

See https://github.com/Infineon/SBC-for-Arduino

2.1 General example

This is an example to demonstrate how all the features like CAN communication, LEDs, charge-pump driven
high-side mosfet, wake inputs are used in a meaningful manner together.

Max. 2.5 A
900000 OSO0OCGOOONODS SR

NMOS

MCP2515

TLE9471-3ES

-

All CAN communication is done on 500 kBaud/s bus speed. After start-up, following features can be used:

e Feature 1: Control a single LED over CAN bus via sending following CAN frame into the shield:
- CAN-ID: 0x100 (not extended)
- MSG[0] = LED index (0-8)
- MSG[1] = Red value (0-255)
- MSG[2] = Green value (0-255)
- MSG[3] =Blue value (0-255)
e Feature 2: Control all LEDs at once over CAN bus via sending following CAN frame into the shield:
- CAN-ID: 0x101 (not extended)
- MSG[0] = Red value (0-255)
- MSG[1] = Green value (0-255)
- MSGJ[2] =Blue value (0-255)
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e Feature 3: Control external high-side switch and FO-LED (D2) over CAN bus via sending following CAN frame
into the shield:

- CAN-ID: 0x102 (not extended)
- MSG[0] = High-side switch / Charge-Pump on/off (0=0off, 1=on)
- MSGI1] =FO-LED (D2) on/off (0=0ff, 1=0n)
o Feature 4: Red blinking of all LEDs by sending random CAN frames into the shield:
- CAN-ID: any
- MSG: any

e Feature 5: Shield will send out CAN frame in case of high-to-low or low-to-high event on the WK-input
crossing approx. 3V threshold. Following CAN frame can be received by external CAN node:

— CAN-ID: OxAA
- MSG[0]: OXAA

2.2 CAN-PN example

This example is a demonstration how to use the CAN Partial-Networking feature. CAN Partial-Networking is
used to wake-up selected automotive control units by just sending a “magic” wake-up frame (WUF) over the
CAN bus. The SBC is in sleep-mode for current saving purposes and also Arduino is shut down by keeping the
reset low at any time. In case, the “magic” CAN message is send over the bus, the SBC wakes up and releases
the reset for the Arduino to start.

To use the example, please connect an external CAN communication node to the CANH/CANL of the shield.
Please ensure that the grounds of the shield and the external CAN communication node are connected
together and that the CAN bus is terminated correctly.

The SBC CAN-PN module is sensitive to following “magic-frame”:

e Speed: 250 kBaud/s
e ID: 0x2D (extended ID feature used)
o Message: (Byte 7) OxDE OXAD 0xCO 0xDE 0xC0 0xDE 0xBA 0x5E (Byte 0)

After startup, the above mentioned CAN-PN configuration is written to the SBC and the LEDs will light up in
green. The SBC is waiting now for a first CAN frame on the bus so that the internal CAN protocol handler can get
in sync. This can be any CAN message on 250 kBaud/s bus speed except the “magic-frame” above. Please
ensure that the “magic-frame” is not sent at the beginning (as long as SBC protocol handler is not in sync).

If the SBC protocol-handler is in sync, the code-example initiates directly the SBC sleep-mode and the LEDs will
turn off.

If the “magic-frame” mentioned above is sent, the SBC wakes up from sleep-mode and releases the reset of the
Arduino. Now, the LEDs light up in green once again and the SBC protocol handler can get in sync again.

Please have in mind that the CAN-PN feature doesn’t use the MCP2515 on the board. So the CAN frames on the
board must be acknowledged by an external node. The CAN frame is decoded by an integrated protocol
handler which is only usable for the CAN-PN feature and not for standard CAN communication.

Note: Additional Info: In case, the “magic-frame” is sent before the transition to SBC sleep-mode, the
CAN-PN configuration is not valid anymore. Thus, the transition to SBC sleep-mode will fail. See
datasheet for more information.
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3 Lite SBC library

The code examples are based on the Lite SBC microcontroller library as part of the SBC Config Wizard.
All settings of the TLE9471 can be configured graphically. In order to use it, the Infineon Toolbox must be
downloaded first (https://www.infineon.com/cms/en/tools/landing/infineontoolbox.html).

After installation of the Infineon Toolbox, go to “Manage tools” and search for “Config Wizard for SBC” and
press “Install”:

) Infineon Toelbex - Infineen tools in one place (2018.23.0)

Launcher

Infineon Config Wizard for SBC PoOMBAP

Toolbox

B Scan QRcode  Mytools  Manage tools

ABCDEFG KLMNOPORST X

Config Wizard for SBC Version: ) m

2.1.0.20180
Config Wizard for SBC allows easy configuration of Tags: ATV, SBC, Confi
Automotive SBC products. i

Details

Last Updated - stable: 20/3/2019 10:35 Developer Guide Infineon Toolbox | Version 2018.23.0
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After installation, open the “Config Wizard for SBC” application and click on the Lite SBC C-Lib configurator:

r!_] Config Wizard - - ”
Infi . .
D Toobor  Config Wizard ® e
File Extras

Lite SBC MR-SBC DCDC-SBC MCP-SBC
TLE9461/TLE9471 TLE9263 TLE9273 TLE9278
I ARRNNN) agsnnns agsanns AN RNNN]

— £

Lite SBC 4 MR-SBC DCDC-SBC MCP-SBC

TLE9461/TLE9471 - TLE9263 TLE9273 TLE9278
1

Infineon

Config Wizard - Version 2.1.28.201901301308 C:\Infineon\Toolbox\plugins\com.ifx.tb.legacy.configwizard_2.1.28.201901301308\application\scripts'

Afterwards, select your wished configuration of VCC2, internal PWM generator, CAN-PN configuration, etc. and
press “Export”:

@ Cenfig Wizard Chnfineon' Toolbox'pluginshpms sem sy omsgonm s v sapplication\scripts\TLESdx...  — m] ¥
File  Extras
Control Function Lite-SBC
vCCc1 vCCc2 CAN PN Cantrol
[] ov Reset active [ enable can PN
\vecz off il AN FD Tolerant
UV Thresh, VRT1 =
Transmission Baudrate v
[ uv Release on vRTL RSTN Pin Behavior Baudrate 500 kbps -
Current Lim, 1L0A - ] Reduced delay time CDR Freq.: 40 MHz | | double COR Frequenzy
extended ID

. Triggered by Soft Reset
High act. Peak Thresh. |
[ Hig Max. values for ID and ID Mask are Ox7FF,

GPIO, PWM and other pins Wake-up Watchdog or 0x1FFFFFFF when extended.

GPIO Faillure Qutput  ~ Enable Wake-up [] pisable during Stop Mode Message ID 000000000 0

Pull Devica Mane \ [ voltage Sensing [ Starts after CAN Wake H—_— __mnmmm 0
Ti it Watchd
PVWM Frequency | 10/ Pull Device (® Time-outWa log

Payload length in bytes 0 s
(O windows Watchdog Y‘ z o

[[] Enable WK Timer
PWMDUEYC. [0.0% [+ . Payload upper bits (0x00000000
WD Timer Period

. . WK Timer Period
L 8T tig. by all status bits Payload lower bits (0x00000000
[ crG1 On-time | off, HSxislow Charge Pump

[] Charge Pump Configuration Lock

Switching Frequency: [ Lock GPIO and cP_EN

CAN Configuration [ tner. waiting time for TSD2 ’22MHz—'| [ Lock ru bits (excluding GPIO and CF_EN)
Spread Spec. Mod. Freq: Data

[Jro_en Thermal Sensing

[ tnar. threshold for TSD1/2
[ slew Rate Control off off

Fl

fineon\Toolbox\plugins,
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The export will output these T files:

Mame

[af SBC_TLE94x1.h

[a TLE94x1.c

[ TLE94x1.h

|2 TLE94x1_DEFINES.h
[=f TLE94x1_ISR.h

[2 TLE94x1_SPl.c

[ TLE94x1_5PLh

e SBC_TLE94x1.h
Header file generated by the Config Wizard which stores all the configuration made by the user as defined
e TLE94x1.h [ TLE93x1.c
Definition and Implementation of the main library functionalities
e TLE94x1_DEFINES.h
Definition of all SPI register addresses, bitmasks, bitpositions and possible field-values
e TLE94x1_ISR.h
Definition of all possible interrupt sources which can be generated by the SBC. The user can later on register
self-defined functions which will be called back by the library in case a certain, registered event will occur
e TLE94x1_SPL.h/TLE94x1_SPl.c
Definition of SPI related functions (SPl initialization and SPI transmit functions). The SPI related functions
have to be implemented by the user as they are dependent on the used microcontroller. Examples for
Arduino Uno, Arduino Due and Infineon XMC are available.

Copy all 7 files to your Arduino project and modify the TLE94x1_SPI.c to work with Arduino UNO:

#include "TLE94x1_SPI.h"
#include <Arduino.h>
#include <SPI.h>

int8_t SBC_SPI_INIT(void) {
pinMode(8, OUTPUT);
digitalWrite(8, HIGH);
SPI.begin();
return 0;
¥
uint16_t SBC_SPI_TRANSFER16(uint8_t Upper, uint8_t Lower) {
uintl6_t outdata = 0;
SPI.beginTransaction(SPISettings (1000000, LSBFIRST, SPI_MODE1));
digitalWrite(8, LOW);
outdata = (SPI.transfer(Upper) << 8);
outdata |= SPI.transfer(Lower);
SPI.endTransaction();
digitalWrite(8, HIGH);
return outdata;
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Include “TLE94x1.h” into your Arduino sketch via “#include”. Call SBC_Init () once at the beginning to
initialize the SPI and to transmit all the configured values from the Config Wizard into the SBC. Inside your main
Loop () routine you should call the SBC_WD_Trigger() to trigger the watchdog. When the SBC test-mode
jumper is closed, the WD trigger can also be skipped.

A

€% SBCexample | Arduino 1.8.7 - O
File Edit Sketch Tools Help

SBCexample

g#include "TLES4xl.h™

1

3 |woid setup() {
4 Jf put your setup code here, to run once:
5 SBC Imitl{);

c

7 f/ more project code. ..

8|}

G

10 |woid loop() {

11 S put your main code here, to run repeatedly:
1z delay(100); J/ configure according to your watchdog timer configuration
13 SBC_WD_Trigger();
14
15 /f more project ccde..]
1l }
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4 Additional information

For further information you may contact http://www.infineon.com/SBC or your regional FAE.
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Revision history

Document Date of release Description of changes

version

1.1 2019-08-14 Editorial Changes

1.0 2019-05-04 Initial Release
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IMPORTANT NOTICE

The information contained in this application note
is given as a hint for the implementation of the
product only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application.  Infineon  Technologies  hereby
disclaims any and all warranties and liabilities of
any kind (including without limitation warranties of
non-infringement of intellectual property rights of
any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology,
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may
contain dangerous substances. For information on
the types in question please contact your nearest
Infineon Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of
the product or any consequences of the use thereof
can reasonably be expected to result in personal
injury.
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