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Type of COM protocols in Automotive

— UART

— SPI

— LIN

— CAN/CANFD
— ETH

— Flexray

— 12C

— 12S

— SENT

— PSI5

INTERNATIONAL-
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Comparison between Automotive COM protocols

Parameters

UART

LIN

CAN

(infineon

FlexRay

Architecture

Topology

Message
transmission

Data rate or Baud rate

Error checking
mechanism

Physical layer
Cabling impedance

Range

Two devices
Direct connection
Asynchronous

Max typ = 115kbps

Parity bit

Single electrical wire

/

Single master and up to
15 slaves

Bus topology
Synchronous

Max. 20kbps

Checksum over the
Protected Identifier and
Data fields

Single electrical wire
1k ohms

1-5 kilometers

Multiple nodes (20, 32)
Bus topology
Asynchronous

Max. 1Mbps

CRC computation over
the entire frame

Electrical dual wire
120 ohms

40 meters

Multiple nodes (up to
64)

Bus/Star topology
Synchronous/Async

Max. 10Mbps

Two CRC computations

Dual wire
80-110 ohms

10 meters
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Type of COM protocols in AURIX™

— Aurix™ TC39x Architecture
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TriCore™
300 MHz
DSP functionality

Communication

Single voltage 5V/3,3VEVR,
supply5Vor3.3 8-bit SCR

Safe DMA AUTOSAR
channels 128 4.2 support

EVITA Full HSM /0 3.3V CMOS
(ECC256 and SHAZ) 5V input on ADC pins

1x GPT12

Ambient temperature

range
-40...+150°C

150 26262
safety up to ASIL-D

Packages
LFBGA-516
LFBGA-292

1x CCUB

Up to 6912 KB RAM
ECC protection

Up to 16 MB flash
ECC protection
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— UART stands for Universal Asynchronous Receiver-Transmitter and refers to an electronic module capable of
communicating asynchronously with another module by both transmitting and receiving data

— By "asynchronous", as we shall see, we mean the characteristic of not having synchronism between the two
modules, there is no particular signal that keeps the modules synchronized with each other. This has both
positive (simplicity) and negative (possibility of frequency drift) implications. To guarantee correct
communication the baudrate of the two devices must be set to the same value

UART Communication — Clocking system

Baudrate = 9600 Baudrate = 9600
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UART Communication — Where it’s used p

v

2024-03-19 restricted Copyright © Infineon Technologies AG 2024. All rights reserved. 7



AURIX™ TC37x - Block Diagram
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AURIX™ TC37x — ASCLIN module

Pin x.y
ARX
ax | 4
ARTS

* Port
=ACTS Control

O

ASCLKQO.

fﬁGCLINS |
Jascunr »—— fa
J‘SF'B
Clock foe
Control l
A J
RXFIFO LIN
Engne
TXFIFO and
SFR Shift
CPUSs | Block Engine
R le RXSR User
TXSR Interface
DMA [+ “+
_EXSR
“ ASCLIN

ASLSO '—D

ASCUN_Intro_C.vsd

Figure 415 Block Diagram of the ASCLIN module.
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Standard ASC Features

Full-duplex asynchronous operating mode

7-bit, 8-bit or 9-bit (or up to 16-bit) data frames, LSB first

Parity-bit generation/checking

One or two stop bits

Max baud rate f, / 16 (6.25 MBaud @ 100 MHz f, module clock)

Min. baud rate f, / 268 435 456 (0.37 Baud @ 100 MHz f, module clock)

Optional RTS / CTS handshaking
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How UART frame is composed?

LUALIRLIT VOO 0O IR0 SLALRL

Analog Signal

Digital Signal

0
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Physical layer

— How the analog signal can be interpreted by the microcontroller? According to DS

(infineon

Input high voltage level Vi SR 0.7* - AL
'VEXTJ'FLE}(J'E
VRSB
2.0 - TTL
Input low voltage level V. SR - 0.44* AL
J:!E)'.‘LTIFLE)'L"E
VRSB

— MC recognize a digital «1» when the voltage level exceeds 0,7 * Vgyr = 3,5V (minimum)
— MC recognize a digital «0» when the voltage level exceeds 0,44 * Vgyr = 2,2V (maximum)
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Start bit L/

1

t_bit = ~ 8,7us

Baudrate - 115200

»  Start bit: At the beginning of a UART frame, signal stays in idle mode (high logic). When the
device send the message the first bit is always a «0»
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Data field

»  Data: In this frame, the first data transmitted is the letter "H"

0100 1000 H
Binary ASCII

2020-09-28 restricted Copyright © Infineon Technologies AG 2020. All rights reserved. 13



infineon
Stop bit L/

> Stop Bit: After the 8 bits of data, UART frame ends with one or two stop bits. In this example
we have only one stop bit followed by the start bit of the following data frame
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Frame with one Parity Bit L/

> In this case the letter "W" is encoded with 0101 0111 (LSB) and counting the
HIGH states (the "1") we realize that they are in an odd number. Here comes the parity bit
that before the stop bit brings the state to HIGH so that the number of HIGHSs in the frame is
finally even
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UART protocol seen by oscilloscope — Test with AURIX™ p

Sag
2opa
Tioa
ea

Devices used for the test:
> Aurix TC375LK
»  Saleae Logic Pro 16 (Digital oscilloscope)
> AURIX™ Development Studio
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ASCLIN_UART example L/

v = ASCLIN_UART_1_KIT_TC375_LK [ Active - Debug ] v = ASCLIN_UART_1_KIT_TC375_LK [ Active - Debug ]
wl Includes i Binaries
= Configurations \ / m Includes
= Libraries = Configurations
& ASCLIN_UART.c »e & Debug T | % ASCUNUARTI KT TGS LKelf - (TriCore/te
4 ASCLIN_UARTh = Libraries ASCLIN_UART.o - [TriCore/le]
gl Cpu0_Main.c £l ASCLIN_UART.C

Cpu0_Main.o - [TriCore/le]

E Epu;_ma!n.c i ASCLIN‘L{ART'h Cpul_Main.o - [TriCore/le]

N Pue- _am.c ] % CPUD‘ME!H'E Cpu2_Main.o - [TriCore/le]

= Lef_Taskingricore.Tcis Cpul Main.c 2 ASCLIN_UART_1_KIT_TC375_LK hex
lel Cpu2_Main.c

=l Lcf_Tasking_Tricore_Tc.lsl
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Let’s get into the code

[g Cpul_Main.c x
38 * \lastUpdated 2021-03-22

39 e e s s o e e R R R o R ok e sk s e e sl ok ok ok ok s R R R e s i ko s R i o ok ko ok ok R ok i i sk ok R ok R ok sRokokokokoioR ok ok ek ok ok R R

40 #include
41 #include
42 #include
43 #include

"Ifx Types.h"
"IfxCpu.h”
"IfxSculidt.h"
"ASCLIN_UART.h"

44

45 TIFX_ALIGN(4) IfxCpu_syncEvent g_cpuSyncEvent = @;

46

47-void core@_main(void)

48 {

49 IfxCpu_enableInterrupts();

50

512 /* PIWATCHDOG® AND SAFETY WATCHDOG ARE DISABLED HERE!!

52 * Enable the watchdogs and service them periodically if it is required

53 */

54 IfxScuWdt_disableCpullatchdog(IfxSculldt getCpuWatchdogPassword());

55 IfxSculdt_disableSafetylWatchdog(IfxSculdt_getSafetyWatchdogPassword());

56

57 /* Wait for CPU sync event */

58 IfxCpu_emitEvent (&g cpuSyncEvent);

59 IfxCpu_waitEvent (&g cpuSyncEvent, 1);

60

61 init ASCLIN _UART(); /* Initialize the module */
62 IfxCpu_enableInterrupts(); /* Enable interrupts after initialization */
63 send_receive ASCLIMN _UART message(); /* Send the string */
64

65 while(1)

66 {

67 }

68 }

B - >
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[¢ Cpul_Mainc x

19
20
21
22
23
24
25
26
27
28
29
30
31
32

* machine-executable object code generated by a source language processor.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR ]
WARRANTIES OF MERCHANTABILITY, FITMESS FOR A PARTICULAR PURPOSE, TITLE AND I
COPYRIGHT HOLDERS OR ANYOMNE DISTRIBUTING THE SOFTWARE BE LIABLE FOR ANY DAM/
CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONMECTION WITH THE

IN THE SOFTWARE.
e ok sk s ok 3 sk s o o o o ok ko 3 s s o s s ok Sk SR ok o o s s o s skt st R o o o o ok oK sk ok R R s R Sk SRR ok R R R Rk ok

HO¥ K K O® K

#include "Ifx Types.h"
#include "IfxCpu.h”
#include "IfxSculidt.h"

extern IfxCpu_syncEvent g_cpuSyncEvent;

33=void corel_main(void)

34
35
36

379

38
39
40
41
42
43
44
45
46
47
43
49
50

{

}

IfxCpu_enableInterrupts();

/* VIWATCHDOG1 IS DISABLED HERE!!
* Enable the watchdog and service it periodically if it is required
*f
IfxSculidt_disableCpullatchdog(IfxSculdt_getCpullatchdogPassword(})};

/* Wait for CPU sync event */
IfxCpu_emitEvent (&z_cpuSyncEvent);
IfxCpu_waitEvent(&z cpuSyncEvent, 1);

while(1)
{
¥

Copyright © Infineon Technologies AG 2020. All rights reserved. 18



| (infineon
Pinout

— What does it mean?

39 #define UART_PIMN_RX IfxAsclinl RXB P15 5 IN /* UART receive port pin */
400 #define UART PIN TX IfxAsclinl TX P15 5 OUT /* UART transmit port pin *f
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Ball |Symbol Ctrl. |Buffer Function
Type
E14 P15.5 | FAST/ General-purpose input
GTM_TIM3_INO_4 PU1/ Mux input channel 0 of TIM module 3
GTM_TIM2_INO 4 EEXT / Mux input channel 0 of TIM module 2

ASCLIN1_ARXB

Receive input

12C0_SDAC

QSPIZ_MTSRA

SCU_E_REQ4_3

Serial Data Input 2

Slave SPI data input

ERU Channel 4 inputs 0 to 5 (0 is the LSB and 5 is the

MSB)

P15.5 00 General-purpose output
GTM TOUT76 01 GTM muxed output
ASCLIN1T_ATX 02 Transmit output
IOM_MON2_13 Monitor input 2
IOM_REF2_13 Reference input 2
QSPI2_MTSR 03 Master SPI data output
— 04 Reserved

MSCO_ENO

05

12C0_SDA

06

CCU60_CC61

IOM_MON1_1

IOM_REF1 5

o7

Chip Select

Serial Data Output

T12 PWM channel 61

Monitor input 1

Reference input 1

1 2 3 4 5 & T & a 10 " 12 13 14 15 16 17 18 1 2
a | mer | vext | ez | pios | proz | pros | pwoo | proar | pne | pnz | eaas | eran | pres | pres | ean | piss | pisa | prss Jvooea | ves | A
g | Po | vss | vext | proe | pros | pioa | por | piaz | proan | pns | piaz | eiao | pras | pres | pras | pao | prsa | vooea | ves | piso | B
e | P22 | Poza pis2 | Pao1a | ©
o | Pea | Poa ves | veiex | prots | prose | pns | pias | pra | piwso | pres | prar | piss | pisr | woo | oves P12 | P20tz | O
e | Pos | Pozs pa2g | ves |prsa | pne | pir | e | eno | eezs | pr2o | prez fess ffvoo | ovss | peos P10 | p2unt | E
e | paze | pozz poz41 | Pazio B | paos p2or | p2os | F
\DDSE
a PO0O | PoOa Po1a | P13 (vDD) VSS DAPEZ | DAPE1 VS§ VDo ESRT | FORST P2oa | P20z | B
vooan Pt | perei
| Pz | ooz Pt | Pots (vDD) vss | ves | ves | vss Voo o P20z | P20 | H
s | Poa | poos poos | Potr vss | wss ves | vss vss | ves ek | P p2s | pais | 4
AGRTC
k | Pz | poos poog | Poo.1o wp | wvss | wes | ves | vss | vss | ves | oeeeo ms | pein P21z | paia | K
(VS5)
AGRTC AGBTE
L PO0.11 | PORAZ PUTER Ry LKN VsS Vss VSS v§s v§s Vss RR P2210 | P2211 TRET VsS L
(vSS) WsS)
M ANAE ANAT AN ANAD Vss Vss vss vss VEs vss P228 P229 XTALZ XTAL1 M
A | anas ANIB] | ANE ] oD vss | ves | vss | vss Voo p22s | P22t voo | vexr | m
N pace | Peos ] ;
AGETT | AGETT
P "‘:‘?g‘ "‘:‘f’,‘ ";,":f; e voo | vss | s I vss | woo pa2a | pazs P2y | pzzo | P
- - g vss) | (vss)
ey "
R | pae | Ao L p2ar | Pais P23 | P22
T WEEF ""GZND avcn | oamzz | oants | oamiz | oans | oane | omme VE“:"; paaz | paas | paaaa | pazs | ves | paus paaa | poaa | T
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TC375LiteKit board

20 MHz Crystal
Infineon ¥

; Pin Connector X2 LED2 (green) LED1 (green)
3 12C eeprom for Aurix™ i i
Shield2Go Slot 1 P00.6 (low-active) P00.5 (low-active)
Infineon
mikroBUS™ Aurix™ TC3X5/TC2X5 Arduino Connector
Connector 32-Bit Triple/Dual-Core (Digital)

CED: Button 1
X XXX X XXXXxrxxr» : il
soOOOCTOOPOOOOOOROPCERRCRR®

Sh —

>
(14

™l

RST
GPIO

scL P01l
SCLK QI

Reset Button

5V
AN1
SDA
RIX™ Lite Kit V2

3v3
AURIX-Li

10-pin DAP
Connector

. LEDs D1/D2 for
C13wa " ] & s ADBUS7/4
1 4

N~ On
6 O

"

Potentiometer (10 kOhm)
and solderable

0 Ohm resistor

(R33 in 0805 imperial)

Micro USB
(USB3.0 recommended)

ol

cs Gl
ScLK Gl

Infineon
On Board miniWiggler

Voltage Regulator

RST/
D spA 530, Gl
D scL crio1 Gl

D GND
D 3v3
P
D cpios MISO _A’

SV
l Infineon ) Arduino Pin Connector Power LED (+3V3)
Infineon CAN Transceiver (POWER & ANALOG IN)
Shield2Go Slot 2 TLES251VS) Voltage Regulator LED3 for ESRO Signal
Ethernet RI45 & CAN Connector Pin Connector X1 3,3V (low-active)
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TC375LK
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Pin Header X1 Pin Header X2
GND 1 z +3V3 GND 1 2 | vDD_UsB
P33.11 3 4 | P332 P0OO.0 3 4 P0O.1
P33.13 5 6 | P32ab P00.2 5 B POD.3
P23.1 T 8 P23.0 LED2 POO.6 7 8 POO.5 LED1
F23.3 9 10 | P23.2 P0OO.8 9 10 POO.7 Button1
RST_52G2 P23.5 11 | 12 | P23.4 RST_S2G1 P00.10 1|1z P00.9
P22.1 13 14 P22.0 PO0.12 13 14 POO.11
P21.0 15 16 | P22 VAREF1 15 16 ANAT
MDC P21.2 17 18 | P22.3 ANAG 17 | 18 ANAS
P21.4 19 20 | P213  MDID ANad 19 20 ANT
SPICLK_S52G P20.10 1 | 22 | P25 ANG |2 ANS
TXD_S2G2 P20.0 13 | 24 | P20.1 AN4 23| 24 AN3
RXD_52G2 p20.3 25 | 26 | JESRL  ESRL AN2 25 | 26 ANL
ESRO JESRO 27 | 28 | P20.14 MOSI_S2G Potentiometer ANO 27 | 28 P33.0
I P15.5 29 N30 | /PORST Reset P33l 29 | 30 P332
P15.4 1 32 | P11.12  CLKSO P33.3 ES 32 P33.4
CRS_DV P11.11 33 34 | F11.10 RX_DO P33.5 33 34 F33.6
RX_D1 P11.9 35 36 | P1L6 TX_EN P33.7 35 36 F33.8 RXD_52G1
T¥_DOD P113 37 38 | P12 TX_D1 T¥D_$2G1 P33.9 7 EL3 P33.10
vbD_use | 39 | 40 | GND +3V3 39 | 40 GND
Figure 5  Signal mapping of the pin headers X1 and X2
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UART protocol seen by oscilloscope — Test with AURIX L/

— The “ASCLIN_UART 1 for KIT_AURIX_TC375_ LK” script has been loaded on TC375LK.
Through the digital analyser it is possible to decode the output signal from the board.
Specifically, this script allowed TC375LK to be used as a master in UART communication by
sending the “Hello world!” message. (the figure shows the initial part of the message)
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https://www.infineon.com/dgdl/Infineon-ASCLIN_UART_1_KIT_TC375_LK-Training-v01_00-EN.pdf?fileId=5546d4627883d7e00178a2b103c8384b&redirId=136429
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That’s your turn!

_ _ £ Quick Links x
— Open Aurix Development Studio
. First Steps

— Press «Import AURIX PrOjeCt» B2 Create new AURIX Project
— Search for <cASCLIN_Shell UART 1 KIT _TC375 LK» and B2 Import AURIX Project

select it Flash && Start Project
— Press finish

a Import AURIX Development Studio Project O X

Select an AURIX Development Studio Project to import

Select a Code Examples repository Repository root

Infineon Code Examples Repository b Browse...

Search Code Examples
| ASCLIN hell 375

Select a project to import 3 of 428 Project

Mame Abstract Boards Last Upda® Documents |

A Shell is used to parse a command line and

R A the corresponding command execution. The ,

AURIX TC375 lite Kit, K22.03.2021 https://www.in £
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First task

— The code example is ready to toggle (change the status) the ports where two LEDs are connected

— The UART communication is provided using ASCLINO module and the physical connection is routed through
the USB port

— The terminal shows the messages sent by the microcontroller to the PC and you can send back too some
commands

— The goal is to modify the code in order to have the possibility to send a command to Aurix forcing the status
of both LEDs to turn them OFF
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Second task

— The code example is ready to toggle (change the status) the ports where two LEDs are connected
— The UART communication is provided using ASCLINO module and the physical connection is routed through

the USB port
— The terminal shows the messages sent by the microcontroller to the PC and you can send back too some

commands
— The goal is to modify the code in order to have the possibility to turn on both LEDs with a button available in

the board
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